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Preliminary Note – Prethodno priopćenje

The presented work presents the results of the research on the influence of the method of hydrogen removal from 
tin bronze on porosity and tensile strength. The dehydrogenation was carried out by three methods. In the first 
method, hydrogen was removed utilizing a vacuum furnace, in the second method, the melt was blown with com-
pressed air, and in the third method, the melt was refined with the salt called Ecosal CU 440. Recirculating scrap was 
used to make samples. For comparative purposes, castings were also made of melted ingots of the alloy. The den-
sity of the castings was determined and the effect of the dehydrogenation method on porosity and the tensile 
strength was determined on this basis.
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INTRODUCTION

The presence of gases in castings is the greatest prob-
lem associated with the production of castings from non-
ferrous alloys. Gases which pollute metal alloys can be 
divided into simple and complex. Simple gases include 
H2, O2, N2, and Cl2. Of these gases, hydrogen easily dis-
solves in metals, nitrogen is an inert gas to most metals, 
and oxygen has the greatest ability to form chemical 
compounds. The gas that contaminates the metal often 
comes from the mould, a metal, or is the result of im-
proper pouring. The presence of gas in metal very often 
causes the formation of gas bubbles in the casting [1,2]. 
Gassing of the casting may also have other causes. One 
of them is keeping the melt for too long in the ladle or 
holding furnace. Another reason may be too low mould 
temperature, which affects the time of crystallization of 
the casting. The slower the solidification of the casting, 
the higher its porosity. The design of the gating system 
plays a very important role. If the gating system is poor-
ly designed, it may increase the porosity of the casting. 
It mainly concerns castings of complicated shapes with 
different wall thicknesses [1, 3].

Impurities in copper and its alloys can be divided 
into gaseous and non-gaseous. When making castings 
of copper alloys, it is often referred to as the so-called 
hydrogen disease. The cause of hydrogen disease is the 
fact that hydrogen has a high ability to diffuse towards 
copper at elevated temperatures. Hydrogen, reacting 
with cuprous oxide, forms water vapour, which results 
in the formation of a large porosity of the casting. Hy-
drogen in the form of bubbles comes to the surface of 
the liquid metal even before it solidifies [4, 5]. Many 
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years of research have so far failed to establish the rela-
tionship between the solubility of hydrogen in copper 
alloys and its porosity. Literature data show that for the 
porosity of a copper alloy casting to occur, a 40 % ex-
cess of oxygen is needed, so the formation of porosity in 
copper alloy castings is closely related to the activity of 
hydrogen and oxygen [6, 7]. Many foundries have a se-
rious problem with hydrogen contamination of copper 
alloy castings. For making copper alloy castings, scrap 
is most often used, which is already contaminated, so 
the quality of the batch material differs from the quality 
of the finished, marked ingots. Unfortunately, the pur-
chase of purified, high-quality alloys is too expensive, 
so the best and cheapest method is to develop an effec-
tive method for dehydrogenating copper alloys [3].

RESEARCH METHODS, RESEARCH MATERIAL

B10 bronze scrap was used to investigate the effect 
of the dehydrogenation method on the porosity and ten-
sile strength of the copper alloy castings. The scrap 
pieces were melted in an induction furnace to 1 050 oC. 
The first batch of remelted scrap was poured directly 
into the die and heated to the temperature of 300 oC to 
check the degree of corrosion of the casting. Another 
batch of melted scrap metal was placed in a vacuum 
furnace along with a crucible. After turning on the vac-
uum pump, the surface of the liquid metal was boiling. 
After 15 seconds, the surface of the bath became still, 
which meant that the metal was degassed from the hy-
drogen. The calmed metal was poured into the heated 
mould. Another batch of molten scrap metal was blown 
with compressed air.

A glass tube is inserted into the molten metal. Com-
pressed air was introduced into the metal bath for 300 s. 
To avoid contamination of the metal with oxygen, ad-
ditionally, phosphor copper was added to the crucible in 
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the amount of 0,05 % by weight of the liquid metal. The 
thus purified metal was poured into the heated mould. 
Another attempt to remove hydrogen was to introduce 
the Ecosal Cu440 salt into the alloy. The refiner was 
added to the melt at 5 %. After the refining treatment, 
the alloy was again poured into the previously heated 
die. For comparative purposes, a cast was also made of 
melted ingots of B10 alloy.

Castings were made in the form of bars with a diam-
eter of 10 mm. After all the castings solidified, they 
were visually examined to determine their porosity on 
the surface.

To check the dehydrogenation effects of the sam-
ples, porosity tests were carried out on the castings. In 
order to determine the porosity of the cast samples, it 
was necessary to determine the density of each sample. 
The density test was performed with the use of a hydro-
static balance. It consisted in conducting measurements 
of the weight of samples in air and water and then cal-
culating the porosity of the tested samples. After deter-
mining the porosity, the specimens were subjected to 
the tensile strength test. Metallographic specimens of 
the cast samples were also made to observe the degree 
of gasification of the samples inside the castings.

RESEARCH RESULTS

Figures 1 and 2 show examples of photos of the 
casts made.

The made castings differed significantly in the 
smoothness of the surface. The best surface of the cast-
ing was that of a sample cast from ingots of the B10 
alloy. After dehydrogenation of scrap, the best surfaces 
were found for those refined with Ecosal Cu440 salt. 
The surfaces of the samples were smooth with no visi-
ble signs of gas bubbles. The worst surface was that of 
a sample cast from scrap. Surface defects arose as a re-
sult of the diffusion of hydrogen in the form of bubbles 
onto the surface of the liquid metal before it solidified. 
Hydrogen bubbles are trapped on the walls of the mould 
and in contact with oxygen, they form water vapour that 
causes surface porosity.

Figures 3 and 4 show examples of the microstruc-
ture of the castings made.

No gas porosity was observed when observing the 
microstructure of the castings made. There were also no 
non-metal inclusions in any of the castings made. While 
the outer surface of the cast made of remelted scrap ba-
sically disqualified it due to large unevenness, the inter-
nal structure did not show significant porosity. The mi-
crostructure analysis showed only slight changes in the 
structure of the tested castings.

Figure 5 presents the results of the cast porosity 
tests.

The porosity tests confirm the conclusions drawn 
from the observation of the sample surface. When as-

Figure 1 A casting made of melted ingots of B10 alloy

Figure 2  The casting is made of melted B10 alloy scrap, after 
blowing it with compressed air.

Figure 3  The microstructure of the casting made of remelted 
ingots of B10 alloy, magnification 100 x

Figure 4  The microstructure of the casting after blowing B10 
scrap with compressed air, magnification of 100 x

Figure 5 The results of porosity tests of the castings made.
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sessing the effectiveness of the casting dehydrogenation 
methods, it can be stated that the best method of degas-
sing the liquid bath was the method of refining with 
Ecosal Cu 440 salt and the method of vacuum dehydro-
genation. The average porosity of the castings amount-
ed to only 1,2 % in both cases. The porosity of the cast 
made of remelted ingots of the B10 alloy was 1,12 %, 
so it was slightly lower than after dehydrogenation with 
salt and vacuum. Samples made of remelted scrap were 
characterized by a porosity of 2,7 %, and the porosity of 
samples blown with compressed air was 1,9 %.

Refining with Ecosal Cu440 salt gave very good de-
hydrogenation results, however, the addition of salt 
caused significant wear of the furnace crucibles in 
which the scrap was melted. Consideration should be 
given to using less salt for refining.

After the porosity was determined, all cast samples 
were subjected to a tensile strength test to determine the 
effect of the dehydrogenation treatment on this proper-
ty. The results of the tests are shown in Figure 6.

The results of the tensile strength tests confirmed 
that the best results of purifying the alloy from hydro-
gen and other impurities are achieved by the application 

Figure 6  The results of the tensile strength tests of the 
castings made.

of a vacuum during scrap remelting or the use of refin-
ing salts. The tensile strength of the salt-refined samples 
was 295 MPa and was greater than the strength of the 
samples cast from remelted ingots.

SUMMARY

After carrying out the research, it should be conclud-
ed that by making castings of alloys prone to competi-
tion, such as alloy B10, one should avoid remelting the 
scrap. If possible, make castings only from marked in-
gots of the alloy. Since the purchase of ingots signifi-
cantly increases the costs of making the castings, spe-
cial care should be taken to clean scrap and use only 
recycled scrap. The best methods to get rid of gas poros-
ity in the casting are vacuum dehydrogenation or refin-
ing the alloy with salt. The use of an appropriate method 
of hydrogen removal from the metal bath improves the 
mechanical properties of the B10 alloy.

REFERENCES

[1] Górny Z., Sobczak J.: Modern casting materials based on 
non-ferrous metals, Kraków, ZA-PIS, (2005).

[2] Górny Z.: Foundry non-ferrous metal alloys, WNT, Wars-
zawa (1992).

[3] Łągiewka M., Konopka Z., Nadolski M., Zyska A.: Remo-
val of hydrogen from tin bronzes by gas and chemical refi-
ning. Hutnik (2008) 7, 375-378.

[4] Korzec R., Fajkel A., Czekaj E.: Instructions for melting 
non-ferrous alloys, Instytut Odlewnictwa, Kraków (2002).

[5] Bydałek A.W.: The influence of temperature on the proper-
ties of slags in the melting processes of copper alloys, Ar-
chiwum Technologii Maszyn i Automatyzacji 23(2003) 1, 
15-24.

[6] American Foundrymen’s Society. Casting Copper-Base 
Alloys, Inc., USA, Des Plaines Illinois, (1984).

[7] Szajnar, J., Kondracki, M. & Stawarz, M. Modification of 
CuSn8 bronze and its influence on tin segregation. Archi-
ves of Foundry 3(2003) 10, 315-322.

Note:  The professional translator for the English language is Agnieszka 
Chmielewska,




