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Abstract 
The addition of Al to alpha brass alloy yields a significant improvement in the oxidation 

resistance. In this work, pure aluminum (1- 2% wt.) added to alpha brass alloy. These alloys were 

prepared by melting and casting in a metallic mold. 

 Cyclic oxidation tests were conducted on the alpha brass alloy with and without aluminum 

addition at a wide rang of temperatures (500- 900 °C) in still air for 52 hrs at 4 hrs cycle. 

The oxidation kinetics follows breakaway behavior for alpha brass alloy at 800 and 900 °C. 

This indicates that the oxidation behavior of this alloy is non-protective. The phases presents on the 

cyclic oxidation of alpha brass alloy with out aluminum addition as revealed by XRD analysis are: 

ZnO, CuO and Cu2O. 

Alpha brass alloys containing Al demonstrates high oxidation resistance. This is attributed to 

the formation of protective alumina. Oxide morphology was examined using light optical microscope. 

Key words: Brass alloys, Brass oxidation, Breakaway oxidation, ZnO, Brass alloys at high 

temperatures. 

 الخلاصة
 فرم الححرا الحرالم  ,ؤدي إلى الحصول على تحسن كبيرر فرم اواةارة السد سر ( ي αإن إضافة الألمنيوم إلى سبيكة البراص ) 

   ( إذ حضرت بعملية الصهر ةالسحا ة فم قوالب اع نية. α(إلى سبيكة البراص)   1 -  2تم إضافة الألمنيوم النوم بنسحة ةزنيه  )%

 لمنيروم فرم ار ا ةاسر  ارن درجرات الحررار  ( قبرل ةععر  إضرافة الأ αأجريت اخسحارات السد س  بشكل دةري لسبيكة البراص ) 

 C°(900-  500   فم الهواء السا ن لم )ساعة لل ةر  الواح  . 4ساعة ةعمع ل  52 
فصرررال (  يسحررر  توريحرررا قرررانون ا ن αتشرررير نسرررارا ال راسرررة الحاليرررة إلرررى إن السرررلو  الكينررراتيكم العرررام لسد سررر  سررربيكة البرررراص ) 

م. ( تخضر  إلرى السرلو  ال يرر احمر α(  هذه النسارا تشير إلى إن سبيكة البرراص )  C 900  800° ()السفكك( عن  درجة حرار  اخسحار
 : (فم اعظم اخسحارات السد س  ةكما يلم αأظهرت نسارا السحليل بالأشعة السينية ةجود أطوار اةكسي ية على سطح سبيكة البراص ) 

ZnO  CuO, Cu2O. 

واقيررة ال اى الألمنيرروم بمواةاررة عاليرة للسد سرر  ةيعرلا ذلررك إلررى تكروين طحوررة الألرو اينرر( الحاةيررة علر αااسرازت سرربيكة البرراص ) 
 ( لفحص اورفولوجية طحوة الأ اسي  المسكونة على سطح النماذج المؤكس  .LOMعلى السطح. اسسخ م المجهر الضورم )

 

 العالية.  درجات الحرار  سحارك البراص فمسحارك البراص  تد س  البراص  تفكك الأةكسي   اةكسي  اللنك  الكلمات الرئيسية:

 

1.0 Introduction 
The oxidation behavior of materials at elevated temperatures became of 

paramount importance, since it is of interest in many domains of material science and 

industrial engineering e.g. high temperature processes in chemical industry or metal 

production and fabrication. It is now essential to control high temperature oxidation 

and therefore to investigate the kinetics of the oxide layer growth (Knoll et al. 1999). 

The chemical formula for the reaction of a metal M and oxygen gas O2 to 

form the oxide MaOb may be written as (Knoll et al. 1999): 

            a M + ( b/ 2) O2  =  MaOb  …………….(1) 

This reaction can be considered as a special case of a heterogeneous reaction. The 

reaction path and the oxidation behavior may depend on a variety of factors, and the 

reaction mechanisms often prove to be complex. 

 When a metal with a clean surface is exposed to oxygen gas, the initial 

oxidation phase can be divided into the following three stages (Suarez et al., 2006): 
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Starting with a clean surface, the initial step in the metal- oxygen reaction is the 

adsorption of the gas on the metal surface. As the reaction proceeds, individual 

separated oxide nuclei are formed on the surface which grows laterally to form a 

continuous oxide layer on the metal surface. Thus, the oxide layer separates the metal 

from the gas and the reaction mechanism changes completely. The reaction can only 

proceed by a solid- state diffusion of one or both of the reactants through the oxide 

layer. 

Brass is a metal alloy made from a combination of zinc and copper. Originally 

a sparkling goldish color, brass has a tendency to tarnish with age (Donald et al., 

2003). 

Brass alloys have been choosing for its industrial importance in addition to its 

broad using in the electrical, marines, and other types of industries. Brass alloys are 

used in the heat exchangers of power plants. However, these alloys are suffering from 

oxidation problems especially at high temperature applications and also suffering 

from dezincification problems that accompanied with mechanical properties 

degradation (Wood, 1970). According to that, many efforts have been directed to 

improve the properties of the cheap one brass by alloying technique. The aluminum is 

one of the important alloying elements that have a great role in the improving 

oxidation resistance of brass alloys at the high temperature applications by forming a 

protective surface layer of (Al2 O3) (Powell et al., 2000). 

The aim of this work is to study the methods by which the oxidation resistance 

and thermal shock resistance are improved for the alpha brass alloy (70/ 30) by 

addition of pure aluminum with different weight percentages. 

2.0 Experimental Work 
Alloys have been produced by melting and casting in a metallic mold with a 

diameter of 15 mm, aluminum added with different percentages (1, 1.25, 1.5, 1.75. 

and 2 wt.%). Analysis of this alloy was carried out using (spectrometer DV. 4) in Al-

Nasser company. Table 1 shows the analytical chemical composition of the alloy used 

in this work 

A homogenous heat treatment has been conducted for the casted samples. A 

temperature of 550 °C for 6 hrs. have been choosing for homogenization process in 

order to minimize the casting defects and to get the required homogenized alloys. 

Alpha brass alloy samples with and without Al addition samples were cut into 

discs shape with dimensions of 10 mm as diameter and thickness of 3 mm. Small hole 

of 1 mm diameter was drilled in each sample for holding during oxidation tests. All 

surfaces, including the edges were wet ground using 120, 220, 320, 600, 800, and 

1200 grit silicon carbide papers. All samples were then cleaned with water, degreased 

with acetone, and then ultrasonically cleaned for 30 minutes using ethanol as a 

medium.  

After drying, the samples were stored in polyethylene zip-lock bags. The 

dimensions of all samples were measured. The samples dimensions were measured in 

three places along the length to a precision   0.01 mm using a calibrated micrometer. 

The measured dimensions were averaged to provide the sample diameter, and 

thickness in order to be used in surface area calculation. 

The weight of each sample was measured using a Sartorius electronic balance 

with an accuracy of ± 0.1 mg. manufactured in Switzerland. The balance was 

calibrated frequently using standard weights. Prior to weighing, all samples were held 

overnight in glass dessicator in order to eliminate any effect of humidity on the 

sample weight determination. 
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Cyclic oxidation at extended range of temperature 500-900 oC in air were  

conducted to study the thermal shock and oxidation resistance of alpha brass alloys 

with and without aluminum additions. 

During cyclic oxidation the furnace temperature was controlled within  3 oC 

by using Ni-chrome thermocouple type K. The thermocouple was inserted into the 

furnace chamber through an access hole on the top of the furnace and positioned in 

the proximity of the samples. The thermocouple was calibrated at three standard 

temperatures boiling water, tin melting point, and aluminum melting point.  

The evaluation of the oxidation resistance of all alpha brass alloys with and 

without aluminum additions has been carried out by heating the samples in a furnace 

at test temperature and weighing them every 4 hrs. The samples were extracted from 

the furnace, allowed to cool, ultrasonically cleaned to detach the spalled oxide and the 

weight change per unit surface area was determined according to Paul et al. procedure 

(Paul et al., 2007). 

 Alpha brass alloys with and without aluminum additions have been accurately 

weighed and then placed into ceramic crucibles. Cyclic oxidation tests were carried 

out in a chamber furnace type (Sola Basic S.B Lindbergh) in the temperature range 

500-900 oC in air at one atmospheric pressure. Each heating cycle includes heating in 

the furnace at test temperature for 4 hrs and cooling in still air. 

 Samples weight changes before and after each oxidation cycle were measured. 

Normally; at least 3 weight measurements were taken. 

 To aid in the identification of oxide phases, X-ray diffraction was performed. 

A Riga Ku X-ray generator with Cu K   radiation at 40 kV and 20 mA was used. 

The X-ray generated by general electric diffracto-meter, type Philips (pw 1840), 

operating at scanning speed of 6o (2 ) per minute. The detector was moved through 

angle of 2  = 10 to 90 degrees. 

3.0 Results and Discussion 
3.1 Oxidation of Alpha brass alloys  

Generally, the weight gain has increased for this alloy as the temperature 

increased as shown in Fig. 1 except at 900 oC case where spalling occurs just after two 

cycles. This is due to the increasing of diffusion rate at high temperature conditions, 

where the metal ions diffusion increasing in the direction of metal surface where the 

vacancies are increased at the interfacial surface and then accumulated to form voids. 

These voids in turn represents a separation sites for the oxide layer that form on the 

alloy surface (Figures 2 -5). Eventually these voids going to decrease the efficiency of 

the oxide layer and then the rate of oxidation will increased and the problem of 

dezincification will be arise (Kolarik et al., 2000). 

Its clear from Fig.1, that the rate of oxidation will be fast at the begging and 

then slowing down to reach a lower level. The reason behind such behavior is that all 

the binary alloys of copper behave like the copper oxidation which change from one 

mechanism to another according to the test temperature, whereas, the outer surface 

consists of CuO and the bulk consisting of alloy oxide (William, 2003).  

Further, thermal stresses develop as a result of wide changes in temperatures. 

When the temperature rise, there is a difference in the coefficient of thermal 

expansion between the metal and oxide layer, resulted in develop a tension and 

compression stresses with the temperature changes that leading to cracking the oxide 

layer and exfoliation. 

It's clear from Figures (2- 5), that the oxide layers are suffered from the 

problem of large cracking and exfoliation. This is obvious in large reduction in 

samples weight especially at 900 °C (Fig. 1). However, at 700°C the weight loses was 
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not maintained but the sample begin to gain weight again after some period of weight 

loss. It is believed that the existence of cracks in the oxide layer would result in a 

rapid increase of the surface area in contact with oxygen and then accelerating the 

oxidation kinetics. 

At 800°C, the spalling of oxide layer is larger than that at (500-700°C), this is 

belongs to growth of oxide layer besides the mismatch in thermal stresses nature 

between oxide layers. Whereas, in case of thin oxide layer formed at 500 -700°C are 

more resistance to thermal shock, this is because of lower defects in these scales 

compared to thick scales formed at 800 and 900°C (Figures 2 - 5).   

The X- ray diffraction analysis shows that these oxides consist mainly from 

ZnO, CuO and Cu2O.  

3.2 Oxidation of Alpha brass alloys with Al addition  
The oxidation of these alloys (i.e. contain Al in 1, 1.25, 1.5, 1.75, and 2 wt. %) 

is lower too much than that for alpha brass alloy oxidation in all testing temperature as 

shown in Figures (6-10). 

The oxide layer rebuilding it self quickly after the alloy subjected to thermal 

shock (Smialek, 2003), Figures (2- 5) show the exfoliation and separation of the 

surface layer from the substrate with the cracking of internal oxide layer after it's 

subjected to the thermal stress. 

The weight gain for the Alpha brass alloy with Al addition is too much less 

than that for alpha brass alloy because of the formation of protective alumina (Figures 

1, and 6-10), so that the behavior of this layer under the effect of stress has been 

changed continuously with the change of temperature and with alumina content inside 

the oxide layer.  

The effect of thermal shock seems to be very low in case of alpha brass alloy 

containing 2% Al, this is attributed to the role of aluminum oxide which is more 

adherent to the surface and non- porous. Thus, the surface layer still very thin and less 

affected by thermal stresses as can be seen in the images of LOM (Figures 11, 12.). 

 The protective layer of alumina is the reason behind the lower oxidation rate 

of alpha brass alloys with aluminum addition. The amount of alumina is increased in 

the layer with the increasing of temperature (Cadorert et al., 2005).  

 It can be seen from the Figures above, that the increasing of Al content leads 

to decreasing the weight gain and improve the oxidation resistance especially at 2%Al 

content. These results are in good agreement with the other investigators in other 

systems of alloys (Aaron, 2001). The X - ray diffraction analyses show the existence 

of Al2O3 in all samples according to the test temperatures and to the percentage of Al 

in brass, in addition other oxides Cu2O, ZnO and   CuO. 

4.0 Conclusions 
1. Alpha brass alloys without Al additions exhibit "Breakaway Oxidation" 

behavior and spalling of oxide is observed during cyclic oxidation at 800 and 

900°C. 

2. The scale formed on alpha brass alloys without Al consists of ZnO, CuO, and 

Cu2O. 

3. Oxide spalling increased obviously with increasing test temperatures. 

4. The addition of Al to alpha brass alloys reduces the scale spallation and oxide 

damage especially in case of 2 wt. % Al addition. 

5. Phases present on the surface of all alpha brass alloys with Al additions 

subjected cyclic oxidation are Al2O3, Cu2O, CuO, and ZnO. 
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6. The increase in high temperature oxidation in Al2O3 forming alpha brass 

alloys with Al addition produced by a change in the diffusion mechanism 

through the scale and an increase in the adherence of this scale to the metal. 
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Table 1:  Spectrochemical analysis of alpha brass alloy in wt. % 
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Zn% Fe% Si% Mn% P% As% S% Cu% 

30.47 0.003 0.003 0.007 0.007 0.002 0.006 Rem. 
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Fig.1: Specific weight change vs. time plot for alpha brass alloy cyclic oxidized in 

air at temperatures between 500 and 900 °C for 52 hrs at 4 hrs cycle. 
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Fig.2: Cross section image of LOM of alpha brass alloy after cyclic oxidized in 

air at 600 °C for 52 hrs at 4 hrs cycle (Magnification 400X). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Cross section image of LOM of alpha brass alloy after cyclic oxidized in 

air at 700 °C for 52 hrs at 4 hrs cycle (Magnification 400X). 
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Fig.4: Cross section images (A & B) of LOM of alpha brass alloy after cyclic 

oxidized in air at 800 °C for 52 hrs at 4 hrs cycle (Magnification 400X). 
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Fig.5: Cross section image (A,B, and C) of LOM of alpha brass alloy after cyclic 

oxidized in air at 900 °C for 52 hrs at 4 hrs cycle (Magnification 400X). 
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Fig.6: Specific weight change vs. time plot for alpha brass alloy with 1%Al cyclic 

oxidized in air at temperatures between 500 and 900 °C for 52 hrs at 4 hrs cycles. 
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Alpha brass alloyed +1.25%Al
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Fig.7: Specific weight change vs. time plot for alpha brass alloy with 1.25%Al 

cyclic oxidized in air at temperatures between 500 and 900 °C for 52 hrs at 4 hrs 

cycles. 
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Fig.8: Specific weight change vs. time plot for alpha brass alloy with 1.5 %Al 

cyclic oxidized in air at temperatures between 500 and 900 °C for 52 hrs at 4 hrs 

cycles. 
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Alpha brass alloy +1.75%Al
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Fig.9: Specific weight change vs. time plot for alpha brass alloy with 1.75 %Al 

cyclic oxidized in air at temperatures between 500 and 900 °C for 52 hrs at 4 hrs 

cycles. 
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Fig.10: Specific weight change vs. time plot for alpha brass alloy with 2%Al 

cyclic oxidized in air at temperatures between 500 and 900 °C for 52 hrs at 4 hrs 

cycles. 
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Fig.11: LOM of alpha brass alloy with 2% Al after cyclic oxidized in air at 800 

°C for 52 hrs at 4 hrs cycle (A) Top view, and (B) Cross section view 

(Magnification 400X). 
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Fig.12: LOM of alpha brass alloy with 2% Al after cyclic oxidized in air at 900 

°C for 52 hrs at 4 hrs cycle (A) Top view, and (B) Cross section view 

(Magnification 400X). 
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