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Abstract 

 

This research paper has as main objective to test the effect of thermal cycling on  
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the abrasive wear behaviour of the MOLDMAX HH alloy (UNS C17200). The 

material was subjected to variations in solubilisation temperature of 750 °C, 800 °C 

and 850 °C for 1 h and aging times at 300 °C of 1 h, 2 h and 3 h. Microstructural 

and chemical characterization was performed using Scanning Electron Microscopy 

(SEM-EDS) and Dispersive Energy X-ray Fluorescence (EDXRF), respectively. 

Abrasive wear behaviour was evaluated under the guidelines of ASTM G65. The 

results show a significant improvement in the abrasive wear behaviour of the alloy 

compared to the material in supply condition (T6). The lowest volumetric loss 

values were obtained from the samples that were subjected to thermal treatment of 

solubilisation at 850 °C and water cooling with a volumetric loss of 169 mm3, in 

comparison to the supply material with a volumetric loss of 347mm3. 

 

Keywords: Abrasive wear, Copper-Beryllium alloy, aging 

 

 

1 Introduction 
 

It is common in the industry, for materials to be subjected to processes involving 

abrasive wear, which causes damage to elements in service use and depending on 

their application, the material shows greater surface degradation due to the constant 

friction between abrasive particles (high hardness) or contaminants against the 

surface of the material, producing its removal and causing considerable 

deterioration in useful components over time [4, 5]. For engineered materials, iron-

based alloys are most commonly used in applications involving abrasive wear 

conditions (e.g., D-type tool steels, manganese austenitic steels and high chromium 

alloyed castings). For non-ferrous alloys, copper-based alloys (such as brasses (Cu-

Zn), bronzes (Cu-Sn) and Cu-Be alloys) stand out. However, in the case of brasses 

and bronzes, their application is limited due to their microstructure, as they tend to 

have a single-phase behaviour and their mechanical strength depends on the grain 

size and the degree of solubility of the alloy elements. The Copper-Beryllium 

alloys have a more complex thermodynamic behaviour, which would allow 

obtaining eutectoid microstructures like those of steels. In addition, this type of 

alloy would allow the application of thermal ageing treatments, favouring the 

phenomena of precipitation of second phase compounds, increasing their 

mechanical resistance. The main objective of this work is to analyse the effect of 

solubilisation temperature and aging time on the microstructural behaviour and 

abrasive wear of the MOLDMAX HH alloy. 

 

2 Methodology 
 

The material used in this study is a Copper-Beryllium alloy, which were received 

in the age hardened Condition with the chemical composition (wt.%) listed in Table 

1.  
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Table1. Chemical composition of the Copper-Beryllium alloy (wt.%) 

 

 

Be Co Si Mn V Ti Fe Cu 

1.9 0.204 0.118 0.025 0.019 0.005 0.059 Balance 

 

 

The as-received Copper-Beryllium alloy, was machined into rectangular specimens 

with dimensions of 76 mm of length, 25 mm of width and 5 mm of thickness 

according to ASTM G65 standard [2]. The specimens were solution treated at 750 

°C, 800 °C and 850 °C for 1 h and then quenched in water, followed by aging at 

300 °C holding for 1 h, 2 h and 3 h and cooled in air. The chemical composition of 

the material was obtained with Energy Dispersive X Ray Fluorescence (EDXRF) 

using a Thermo SCIENTIFIC Niton Serie XL3t X Ray Fluorescence spectrometer. 

The microstructure of the samples was characterized with Scanning Electron 

Microscopy (SEM) and Energy Dispersive X Ray Spectroscopy using a HITACHI 

SUM3500 scanning electron microscope at 20 kV accelerate voltage. Micro- 

hardness was measured out using a STRUERS DURASCAN G5 micro-Vickers 

hardness tester under an indentation load of 500 g for 15 s according ASTM E384 

Standard [1]. Abrasive wear tests were carried out using the Dry Sand/Rubber 

Wheel Equipment. The parameters used were: force against specimen 130 N, wheel 

revolutions 1000 rpm, lineal abrasion 718 m and testing time 5 min (ASTM G65, 

procedure E). The sample mass loss is measured in an analytical scale, which has a 

sensitivity of 0.0001 g. 

 

3 Results 
 

 

3.1 Microstructural characterization 

 

The Figure 1 shows the phase diagram of the Cu-Be system and the microstructural 

behaviour of the alloy MOLDMAX HH (C17200) in as-received condition. The 

microstructure of the as-received material is constituted by supersaturate α grains 

(αs) and Co–Be–Ni precipitates, known as beryllides. In addition, the gran 

boundaries are decorated with precipitated γ phase (γp). 
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Figure 1. (a) Phase diagram of the Cu-Be system (b) Microstructural behaviour of 

the alloy MOLDMAX HH (C17200) in as-received condition. 

 

As for the thermally treated material, the microstructure of the material solubilized 

at 750ºC (T750) shows an atypical behaviour, since at this temperature the material 

should present macerated grains of copper alpha phase (Cu-α) according to the 

phase diagram in Figure 1a. It is worth noting that the absence of a homogeneous 

alpha grain may be due to the lack of dissolution of the phase β, which would 

transform into the phase Cu-α+γ by eutectoid reaction (β6,09%Be↔α1,8%Be+γ10,5%Be), 

in stable cooling conditions (air). However, this material was cooled in water, which 

would allow the presence of martensite (β´) and phase α. In addition, the presence 

of Cu-phase twinning grains is observed-α, with precipitates (beryllides) rich in 

Beryllium (93.2%), Copper (5.8%) and Cobalt (1%).  

 
Figure 2. Microstructures of MOLDMAX HH alloy Solubilized (a) 750 °C, (b) 

800 °C and (c) 850 °C and cooled in water. 

 

When the temperature is increased to 800ºC (T800), a single-phase Cu-α behaviour 

can be observed with a large presence of coherent and incoherent twinning typical 

of a recrystallization process, which is coherent with the proposed for the Cu-Be 

system. However, some precipitates γp rich in Cu (82%) and Be (17.5%) are still 

detected, which had to be dissolved at that temperature, which indicates that the  
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solubilisation time was not adequate (1h) to achieve its total dissolution in the Cu-

α phase. Additionally, the presence of beryllides rich in beryllium, copper and 

cobalt is observed. For samples solubilized at 850 °C (T850), a similar behaviour 

to that found in specimens solubilized at 800 °C is observed, with a large presence 

of coherent and incoherent twinning characteristic of a recrystallization process. 

However, the grain size is much larger compared to those observed at 800 °C. The 

presence of porosities is noted in the grain limits, which could mean that the 

temperature used in the solubilisation treatment is very close to the solidus 

temperature of the material, indicating the beginning of melting of the material. In 

addition, the presence of some precipitates rich in Copper (87.2%), Cobalt (7%) 

and Beryllium (4.7%) is still noticeable, which confirms that the solubilisation time 

was not appropriate to solubilize the second phase compounds. 

 

For solubilized and water-cooled specimens, the effect of the precipitates is 

determined by the aging time. Figure 3 shows the microstructural behaviour of the 

MOLDMAX HH alloy solubilized at different temperatures and water cooled and 

aged for 3h. Figure 3a shows the microstructures of the solubilized alloy at 750 °C 

where the presence of Cu-α grains can be seen with the presence of γp phase at the 

grain boundaries by the high diffusion of beryllium within the copper matrix. In 

addition, it is possible to observe the presence of beryllides evenly distributed inside 

the grains with spherical morphology(secondary) and elongated form (primary) in 

the grain boundaries. 

 

 
Figure 3. Microstructures of MOLDMAX HH alloy Solubilized (a) 750 °C, (b) 

800 °C and 850 ºC, water cooled and aged at 300 °C for 3 hours. 

 

The increase in solubilisation temperature to 800°C with aging time of 3 hour shows 

a more even distribution of the precipitated phase γp compared to the solubilized 

samples at 750°C (Figure 3b). However, the presence of precipitates γp can be seen 

in the limits of grain with a high beryllium content, as well as the presence of copper 

and cobalt beryllides with primary spherical morphology in the limits of grain and 

secondary within them. The results are consistent with those observed by Guoliang 

[3] and Tang [7] for a solubilized at 800ºC and aged for 4 hours. They found 

transition precipitates (γ`) in form of thin strips in a state of equilibrium on the 

copper matrix α. 

 

On the other hand, for the one solubilized at 850 °C and aged for 3 hours (Figure 

3c), a very large grain can be observed in comparison to the other solubilized and  
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aged temperatures, as a characteristic, the presence of pores inside the beryllium 

and cobalt-rich grains (beryllides) can be seen. Areas of alpha copper and gamma 

precipitates are observed at the grain edges, in addition to primary beryllides. The 

results in the microstructure are consistent with the study carried out by Guoliang 

[3] who determined that with an aging at 2h a supersaturated solution of copper α 

is revealed with coherent precipitates of beryllium characteristic of the phase γ``. 

 

3.2 Mechanical characterization. Figure 4(a) shows that the T6 heat treatment 

applied was favourable, since the hardness values obtained were higher than those 

of the delivery material, while the lower hardness values were obtained in the 

samples without aging, in which only the solid solution hardening mechanism is 

present [6]. For the analysis of the wear resistance, it was determined by the 

volumetric loss of the specimens according to equation (1)[2], where the material 

density is 8,260 g/cm3 

 

𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑙𝑜𝑠𝑠 (𝑚𝑚3) =
Loss mass (g)∗1000

Density (
g

𝑐𝑚3)
                                                      (1) 

 

Figure 4(b) shows the abrasive wear behaviour under the rubber wheel technique 

of the MOLDMAX HH alloy subjected to the different thermal cycles. The peak 

performance was evidenced by the T850 specimen, followed by the samples T800 

and T750, and micrographs were used to better explain this phenomenon and were 

taken under the SEM scanning electron microscope. That process will be discussed 

later in a more detailed analysis. 

 

 
Figure 4. Effect of the thermal cycle on: (a) hardness and (b) volumetric loss of 

the MOLDMAX HH alloy. 
 

The mechanical behaviour (micro-hardness and wear resistance) of the alloy 

subjected to the heat treatments T750, T800 and T850 show a rather particular 

behaviour compared to the results of the delivery material. The supply material had 

the second highest hardness of all the thermal cycles evaluated (348HV0.5).  

0 1 2 3
0

50

100

150

200

250

300

350

400

450

500

 

 

M
ic

ro
h
a

rd
n

e
s
s
 (

H
V

0
,0

5
)

Aging time (h)

 T750  T800  T850  As-received

0

1

2

3

0 100 200 300 400

 

 

Volumetric Loss (mm
3
)

A
g

in
g

 T
im

e
 (

h
)

 As-received

 T850

 T800

 T750

(a) (b)



Wear behaviour of Copper-Beryllium alloy …                                                      2909 

 

 

However, it also had the highest mass loss at 2,866 g. While the materials subjected 

only to solubilized with water cooling had low hardness, 112HV0.5 (T750), 

119HV0.5 (T800) and 138HV0.5 (T850); with the lowest mass losses of 1,489 g 

(T750), 1,4164 g (T800) and 1,3985 g (T850). The improvement in wear behaviour 

compared to the delivery material was in the range of 48% for T750-treated 

specimens, 50.6% for T800 treated specimens and 51.2% for T850-treated 

specimens. 

 

The mechanical behaviour of the sample T750E1H shows a high hardness with 

values of 353.2 HV0.5, but it did not have good result in terms of wear, presenting 

a high volumetric loss (316.65 mm3), only improving the delivery time by 8.7%. 

This is because, with 1 hour of aging, the beryllium begins to leave the copper 

matrix to form second phase compounds, therefore, on contact with the sand in the 

wear test, the starting of these compounds was presented. Increasing the aging time 

to T750E2H and T750E2H and T750E3H (Figure 4) shows a behaviour like that of 

the beryllides aged with 1 hour and their distribution, on the other hand, the γp phase 

present in the grain limits due to the high diffusion of beryllium within the copper 

matrix. At T750E2H and T750E3H, with 244.11 mm3 and 211.85 mm3 

respectively, the material presents less volumetric loss with respect to 1 hour, being 

the best one the specimen with 3 hours. This behaviour is due to the presence of 

second phase compounds in equilibrium state. Said compounds provided a greater 

resistance to the contact with the wear sand. Regarding wear behaviour, the same 

trend noticeable at higher solubilisation temperatures with solubilisation at 750 °C 

and aged at the same times, where the wear behaviour of the sample in the delivery 

state is also improved.  

 

4. Conclusions 
 

All the heat treatments carried out showed better results when faced with abrasive 

wear compared to the sample in supply state, so that, depending on the industrial 

requirements, any of the thermal cycles described in this research can be carried 

out. 

 

The morphology and precipitation form of the second phase compounds play a 

relevant role when faced with abrasive wear. Precipitate γ'' is desirable because of 

its smaller size and better distribution in the matrix, more efficiently avoiding the 

movement of the dislocations. 
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