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alloying elements All results confirmed that an enhancement in properties, Ge, plays
Germanium an essential role in this enhancement due to the formation of
heat exchangers protective non-pours oxide layers from GeO2 and AL203 layers.
dezincification Also, adding (Sn) made the alloy's microstructure very fine. These
DOI: https://doi.org/10.30765/er.2201 elements improve hardness and reduce corrosion rate by 83%,

while in the oxidation test, the reduction in specific weight change
was equal to 99%. Also, a significant improvement in thermal
shock resistance concerning the reference sample was achieved.

1 Introduction

Oxidation is a kind of metallic corrosion that takes place once oxygen forms on the surface of the metal
throughout an ionic chemical reaction [1]-[5]. Electrons undergo a transfer from metallic substances to the
oxygen molecules in this process. Subsequently, negative oxygen ions are generated inside the metal, resulting
in the formation of an oxide-laden surface. In the case of copper, oxidation happens when copper is exposed
to air, but corrosion may also be induced by salt water, acidic chemicals, and heat [6]-[9]. It is well known
that copper is one of the essential materials due to its good electrical, thermal, and mechanical properties used
in electrical cables, wires, and heat exchangers [10]; two main types of alloys have copper: brass which zinc
is the second element as well as copper its concentration starts from low to 40% Zn, the second alloy is bronze,
other elements (AL, Sn, Ni) are added to copper to improve metallurgical and properties [11]-[14]. (o and )
The most common phases in brasses depend on the % of Zn, usually up to 37% Zn. It is a single phase (o) that
is characterized by soft (cold work); if Zn increases, other phases will appear (8): hard (hot work).

The quantity of (B8) phase increases as % of Zn increases or other alloying elements are added (zinc
equivalence) [8], [15]-[17]. Muntz metal (60% Cu, 40% Zn), whose commercial composition is Muntz metal
C 28000 [18], 60% Cu— 40% Zn, is a critical alloy due to its high strength; this alloy is excellent hot for
mobility, but have low ductility, at Room temperatures and use in many applications: architectural panel,
sheets, nuts, bolts, condenser platter, brazing rot and heat exchanger, condenser tubing, hot forging this alloy
and other types of alloys [19], suffer from common deterioration (dezincification or selective leaching)
especially when exposing to the electrolyte (sea water), which mean corrosive attack of a particular element
(Zn usually) rather than copper. Also, this alloy suffers from oxidation, thermal shock in high temperatures,
and low ductility; these problems limit the use of this alloy in marine or thermal media. Several studies have
been carried out to enhance and improve mechanical, electrical, and oxidation properties by adding several
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elements (Al, Sn, Ge) [20]-[22]. In this study, alloying element (Ge) has been added, as well as Al, Sn, to the
alloy Muntz Metal to improve it is oxidation resistance and thermal shock (heating at high temperature then
cooling suddenly in the air) as well as mechanical and corrosion resistance.

2 Experimental work

2.1 Prepare alloys by casting.

The melting and casting process has been used to prepare base alloy and others after adding alloying
elements (AL, Sn, Ge). Table (1) represents the chemical composition of all specimens of alloy used in this
study.

Table 1. Chemical composition of alloys.

Alloys Cu% Al% Sn% Ge% Pb% Zn%
Base alloy Bal. - - - 15 38.38
Bl Bal. 2.2 0 0 14 39.18
B2 Bal. 2.4 2.5 0 14 39.18

The melting temperature of copper (Cu) is 1083°C, zinc (Zn) is 419.6°C, aluminum (Al) is 660°C, tin (Sn) is
231.9°C, germanium (Ge) is 938.2°C, and lead (Pb) is 327.5°C, while the melting temperature of the base alloy
is 906°C so that Zinc element has been added as % compensatory to compensate the missing of (Zn) during
the melting process before casting. All melted elements are mixed alloy and then poured into a cylinder metallic
mold with a dimension of 20 mm diam., 130mm high; before casting, the die was heated with graphite
lubricant, the molten alloy was poured into the mold and left to solidify to room temperature.

2.2 Specimen Preparation

After solidification, all alloys were cut by turning machine (B, B1, B2, B3) into a disc shaping with
dimension (20 X5) mm as shown in Figure (1).

Figure 1. Specimens (B, B1, B2, B3).

According to standard metallographic techniques, all specimens were prepared, which included grinding
(several steps) and then polishing by using a diamond with particle size (11ym), washing with distilled water,
then drying and etching using the solution of (5 grams of FeCl; + 2 cm3 Hcl + 95 cm? methylated spirit) for
the period (10-15) sec washed and dry after these processes, all samples are ready for microstructure test.

3 Tests
3.1 XRD

X-ray measurement conditions were Target Cu, Acu = 1.5 40 60 A°, current and voltage was 15m A and
30Ky, respectively, range and speed scanning was 20 = (0 to 100) degree and 2 deg. / min respectively Figure
(2, 3, 4, 5) represented x-ray patterns of all specimens (Base, B1, B2, B3), respectively.
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Figure 2. X-Ray Diffraction Analysis for B, Base Alloy.
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Figure 3. X-Ray Diffraction Analysis for B1 (Cu, Zn, Al).

Lin [Couni)

= F BB 8§ §§0FgERBEIE
AP P AP AL

ifi
il P

8566-3
&2

& CwZng
B CuZn
® Fb

| o
| (&)

"
2-Theia - Scals

Figure 4. X-Ray Diffraction Analysis for B2 (Cu, Zn, Al, Sn).
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Figure 5. X-Ray Diffraction Analysis for B3 (Cu, Zn, Al, Ge).

3.2 Microstructure

LOM has been used to examine the microstructures of all specimens, Figure (6, 7, 8, 9) shows
microstructures of all samples.

Figure 6. Light Optical Microstructure for B, Base Alloy. a (100x), b (200x).
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Figure 9. Light Optical Microstructure for B3 a (100x), b (200x).
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3.3 SEM + EDS

SEM has been taken using the TESC AN S8000 model, USA, according to ASTMG54 [23]. Figure (10,
11, 12) The cross-sectional SEM image shows oxide layers for base metal and B3 (after oxidation in the air)
in cyclic oxidized at 600°C and 700°C for 60 hrs., each cycle 5 hrs.

SEM HV: 15.0 kV WDz 13.12 mam . 3 ! MIRAS TESCTAN
SEM MAG: 5.00 xx Dwt: SE
View field: 41.5 pm Dateimicdly): 101519 RMRC FESEM

\’ £

Oxide Layer

SEM HV: 15.0 kV WD: 13.12 mm {11 MIRAZ TESCAN
SEM MAG: 5.00 kx Det: SE
View field: 41.5 sm  Date{rmidly): 10/15M19 RMRC FESEM

Figure 11. Cross-Sectional SEM Image for Alloy B3 at 600 °C.
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Figure 12. a) Cross-Sectional SEM Image for Alloy B3 at 700 °C, b) EDS Analysis for Surface
Morphology of Specimen B3.

3.4 Vicker hardness

According to ASTM E99-17, a microhardness test was carried out by using a hardness tester (HVS — 1000)
digital at loading (500g) for a (15) second hold. Table (2) shows hardness and improvement for all samples.

Table 2. The hardness of all Examined Specimens.

Alloy Specimens Vickers hardness (HV) g/mm? Improvement %
B, Base Alloy, (o, B) 110 -
B1, (Base Alloy+ Al) 141 28.5
B2, (Base Alloy+ Al +Sn) 183 66.5
B3, (Base Alloy+ Al +Ge) 136 24

3.5 Corrosion Test

According to ASTM G31-72, all specimens were wholly immersed in a salt solution (3.5% NaCl). All
samples were taken out to examine the loss in mass after every (3 days) of immersion at room temperature.
The period of immersion was (133days). The relationship calculated corrosion rate:

C g - change in weight (g)
cm?.day  sur face Area AZ.immersion time day

Figure (13) represents Base alloy suffering de — alloying (dezincification) after (133 days) of immersion in
3.5% NaCl. Figure (14) shows the fitting curve of the simple immersion test for all samples in salt solution
after (170 days).
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(a)

Figure 13. a) base alloy suffers from d-alloying, selective leaching during immersion in a salt solution,
b) microstructure under light optical microscopy (400x).
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Figure 14. Fitting Curves of Simple Immersion Test for All Specimens in Salt Solution for immersion
Period (170 days).

3.6 Oxidation Test
3.6.1. Cyclic Oxidation

Oxidation is a common type of degradation when the material is exposed to high-temperature
environments. All specimens were conducted at temperatures (500, 600, 700, and 750) °C in the air; the
oxidation behavior of each sample was evaluated by heating the alloy in the furnace at test temperature and
weighting them every 5 hrs. by removing the specimen from the furnace after allowed them to cool (in the
furnace), cleaned to detach the spalled oxide and weight change per unit surface area has been calculated.

Table (3) represents an improvement in specific weight at different temperatures and improvement according
to the reference sample.
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Table 3. Improving in Specific Weight Change at Steady State.
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B 4.4 - 29 - 53 - 68 -
B1 0.072 98.4 0.205 99.3 0.84 98.4 1.02 98.5
B2 0.124 97.2 0.245 99.2 1 98.1 1.13 98.3
B3 0.044 99 0.120 99.6 0.58 99 0.78 98.9

While Figure (15,16) shows a relative weight change at different temperatures concerning base alloys and

alloys (B1, B2, B3).
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Figure 15. Comparative in weight change at different temperatures concerning base alloy (B).
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Figure 16. Comparative weight change at different alloy temperatures (B1, B2, B3).
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3.6.2. Thermal Shock

Thermal Shock is a term used to describe the thermal stresses the body is exposed to due to sudden
temperature changes. All alloys were tested at different temperatures after (60 hrs.) oxidation time, then
suddenly taken out of the furnace and cooled to room temperature (cool in the air); their weight was measured,
then returned to the furnace again, and so on. Figure (17) shows the thermal shock effect of all samples after
sudden cooling in the air for (60hrs.) at 650°C and 750°C, While Figure (18,19) show the effect of thermal
stress on the oxide surface structure of all samples (B1, B2, B3) after sudden cooling in the air at 650-750°C.

Figure 17. Effect of Thermal Shock of specimen alloys after sudden cooling in the air for 60 hrs: a) at
650 °C, b) at 750 °C.
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Figure 18. Effect of Thermal Shock on Oxide Surface Structure of Alloys (B1, B2, and B3) after Sudden
Cooling in Air at 650°C.
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Figure 19. Effect of Thermal Shock on Oxide Surface Structure of Alloys (B1, B2, and B3) after Sudden
Cooling in Air at 750°C.

4 Discussion

Figure (2, 3, 4, and 5) show XRD analysis of the presence of main phases o, - Cu3Zn, § CuZn, CuO, Cu,0,
Al,Cu, Pb, and ZnO these Figure were carried out after oxidation; the presence of these phases play an
important role in improving and developing the metallurgical, Corrosion resistance and oxidation behavior
properties [24], [25]. On the other hand, Figure (6, 7, 8, 9) presented microstructure of all samples, there are
(0, B) brass appear clearly in reference sample (B) Figure (6) with clear crystalline boundaries with dendrite
grow this is expected (tree-like—structure) light Coarse plate grains of (o) and original grain of beta (8). Sample
B1 (Cu-Zn-AL) structure was changed and became refined due to the addition of Al, which plays an essential
parameter in increasing Zn concentration (Zn equivalent); increasing Zn % will refine the grains [26]. While
Figure (8), which represented sample B2 (Cu-Zn-Al-Sn), the presence of Sn plays an essential role in changing
the shape of microstructure; it prevents dendrite growth and increases refining; accordingly, the existence of
an element (Al, Sn) will enhance solid solution strengthening, an increase in mechanical properties will be
observed, for this reason, ductility of brass will decrease [27]. A change also occurs in the microstructure for
specimen B3 (Cu-Zn-Al-Ge); the structure will change: equiaxed grain will appear due to the precipitation of
free particles of Ge element on grain boundaries [28]. As a result of the significant change in the microstructure
due to the addition of alloying elements, the hardness of Vickers is accompanied by a significant increase.
Table (2) represents an improvement in Vicker values for all samples. Adding (Al, Sn, Ge) will increase Zn
contrition (Zn equivalent), which solute in Cu and amount of substitution solid solution will increase, and grain
refining will occur as discussed above. Figure (10) represents a cross—section SEM of base metal after cyclic
oxidation at 600°C for 60 hrs. It can be found that the oxide layer exhibits defects such as voids, cracks, pores,
and delamination. On the contrary, Figure (11,12) show cross—section SEM and EDS of alloy B3 oxidized at
600°C. There are no defects. A dense and coherent surface oxide layer lead to significant benefit protection,
improving weight change at 750°C, reaching 98.9%, see Table (3).

Figure (13) represents the corrosive behavior of reference sample (B): dezincification; this behavior is
expected because this alloy cannot build a protective layer in the salt solution. Zinc will preferentially leach
out of alloy (more active than copper), leaving behind a copper-rich surface layer (porous and brittle). Zinc is
selectively attacked if its concentration is more than 35% Zn [28]. However, when adding alloying elements,
corrosive behavior changes significantly; Figure (14) shows the behavior of corrosion rate for all samples (B,
B1, B2, B3); two notes can be made: first, adding alloying elements decrease corrosion behavior significantly,
second: alloy (B3) show lower corrosion rate than B1, B2 after more than (170) days immersion in 3.5% NaCl
this is due to the ability of this alloy to build protective layers of both (GeO,, Al,Os) these phases appear in
EDX and XRD . on the other hand, oxidation behavior of this sample (B3) see Table (3) and Figure (15 and
16), show better resistance at different temperature (500 to 750) °C comparing to other alloys (B, B1, B2) the
addition of (Ge) improved oxidation resistance of this alloy many studies confirmed this fact that XRD and
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EDs of this alloy confirmed the presence of GeO,, Al;Os, these phases build protective layers, prevent any
Cu+2, Zn+2 to diffuse through it [29].

Figure (18,19) represented the result of the thermal shock of all samples after cooling suddenly in the air
after (60 hrs.) at 650 °C and 750 °C heating; base alloy showed severe oxidative, spalling, and black, while
other samples showed better behavior, especially B3, which showed better behavior thermal Shock resistance
comparing with others alloys (B1, B2) Figure (18,19). Thermal stress usually rises because there is a
remarkable difference in thermal coefficient expansion between metal and its oxide and a sudden temperature
change, resulting in the development of tension and compression stress leading to the cracking of the oxide
layer oxide of Al,O3[30]; GeO2 is more adherent to the surface, nonporous, also Ge element improve plasticity
[31].

5 Conclusion

According to the results have been getting of the present work, the following points can be concluded:

e Alloying elements (Ge, Al, Sn) play an essential role in improving and enhancing properties of
Munt Z metal (60%Cu — 40%2Zn); adding (Ge) (0.3%) improves the oxidation resistance of alloy
at different temperatures (500 to 750°C) better than (Al, Sn) as well as thermal shock, this
improvement is attributed to the protective layer of GeO,which is protective, hon — porous,
adhesive and more plasticity.

e Also, adding (Ge) improves corrosion resistance compared to the reference sample, which suffers
from dezincification.

e Also, there is an enhancement in hardness value compared to the reference sample.
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