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Abstract- The brass is very commonly used material in variety of applications ranging from home appliances to automotive 
components because it provides desirable combination of mechanical properties with wear resistance and corrosion 
resistance but selection of brass for a particular application plays a major role in service life as well as its cost effectiveness. 
In this review paper, the various fabrication processes of different brass materials and effect of environmental conditions on 
their modes of failure has been reviewed.  
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I.  INTRODUCTION 
 
Alloys of copper and zinc are generally termed as 
brass, in which tin, lead, iron, silicon, etc may be 
present in traces. A combination of variety of 
properties like strength, ductility, thermal and 
electrical conductivity, machinability, colour, wear 
resistance, corrosion resistance and hardness can be 
obtained. Brasses are used in a variety of applications 
ranging from rivets, pinions, hardware fitting, 
automotive components, springs, jewellery, heat 
exchanger tubes to architectural buildings, statues, 
handicraft items, etc.[1]. The failure of brass during 
service is a major problem. The main reasons of brass 
failure are dezincification, stress corrosion cracking 
(SCC), corrosion fatigue cracking and surface 
degradation. Sometimes coactions of two or more 
above mentioned phenomenon can also cause 
failure.[2]-[7]. The review paper focuses on various 
conditions and phenomenon that have led to the 
failure of brass components. The various causes of 
failure in brass components have been reviewed for 
better understanding of the cause and a probable 
remedy to prevent the failure. 
 
II. FABRICATION PROCESSES  
 
The fabrication steps of brass components can be 
explained as below- 
 
1.  Extrusion- The extrusion process consists of 
forcing of hot billet of metal of round or polygonal 
shape through a die orifice of much smaller cross 
section. The stresses involved in the process are 
entirely compressive and further area reduction can 
be achieved by cold drawing process. 
 
2. Cold Drawing- Cold drawing is a finishing 
operation given to the cast, rolled or extruded stock. 
The process included reducing the diameter and 
simultaneously increasing the length through a 
tapered die. Rods and sections are usually cold drawn 
from hot extruded stock and drawing also improves 
mechanical properties of the component. The process 

of tube drawing is also based on the same principle 
but mandrel is used to support the base. 
 
3. Heat Treatment- Mainly cold worked brass is heat 
treated for relieving internal stresses. This prevents 
stress corrosion cracking (SCC) and minimizes 
distortion of components. In cold working, tensile 
strength and hardness of brass increase by sacrificing 
ductility. Also, some amount of energy is absorbed by 
the metal as strain energy, which is associated with 
tensile, compressive and shear zones. The other 
properties such as electrical conductivity and 
corrosion resistance may be affected by plastic 
deformation due to cold work. So, appropriate heat 
treatment is recommended in order to bring back the 
properties and structures back to pre-cold worked 
states. [9] 
 
III. BRASS MATERIALS 
 
The different types of brass used in the industries are 
as follows- 
 
1. Admiralty brass- These brasses are mainly used for 
marine applications. Tin is included in the 
composition to enhance corrosion resistance. [1] 
2. C68700 Copper alloy-It is mainly used for 
condenser tubes to prevent action of high velocity salt 
and marine water. It inhibits dezincification. 
3. Machinable brass alloy-It is used for making 
machine parts used in electrical, mechanical and 
chemical process equipments. It is generally supplied 
in the form of extruded and drawn brass rods, that 
undergo automatic machining process or hot 
stamping. Components such as nuts, bolts, connectors 
and fitting parts are produced.[1] 
4. ASTM C27200- It is full yellow in colour and 
carries strength and hardness in relation to more pure 
copper metals. It is mainly used to form spring 
fasteners, cold headed parts, and exchanger shells and 
pump cylinder lines. 
5. Arsenic brass- It is mainly used in fresh water 
applications such as heat exchangers, automotive 
radiators and oil coolers. It inhibits dezincification 
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and increases corrosion resistance especially in case 
of sulphide environment.[1] 
 
6. UNS36000- It is leaded brass suitable for high 
speed screw machining works, hardware and pinions. 
It is also called free turning brass, free cutting yellow 
brass and high leaded brass. 

7. Nickel plated brass- Nickel plating is done to 
improve surface characteristics of brass and also to 
give it aesthetic appearance. It finds application in 
ornamental plumbing and decorative fittings.[8] 
 
The various brass alloys with their composition and 
made component are given in Table I. 

  
TABLE I. DETAILS OF BRASS COMPONENTS WITH THEIR COMPOSITION AND SERVICE LIFE  

 
  

IV. MODES OF FAILURE 
 
 The major failure phenomenons of brass are as         
follows- 
 
1.  Dezincification 
Dezincification is defined as dealloying of zinc as a 
consequence of selective leaching of zinc from brass. 
It can be localized and might result in deep areas of 
porous copper which forms red patches on brass 
surface. It leaves the copper layer very weak with 
depleted mechanical strength. Plug dezincification 
can lead to component failure if the affected regions 
penetrate deep enough within the metal to 
compromise mechanical strength. Layer 
dezincification can lead to shallow regions of porous 
copper. It attacks brass surface more uniformly. 
There are generally two mechanisms of 
dezincification. In singular mechanism,  Zn oxidation 
or reaction of Zn with chloride ions takes place. The 
electrons released reduce oxygen or chlorine present 
in water. In dual mechanism, both Zn and Cu are 
oxidized and dissolved from brass surface. 
Equilibrium between Cu ions in water and metallic 

water is established. Some fraction of Cu that 
dissolves redeposit onto dezincifying metal and 
therefore resulting metal loss is by dealloying of 
zinc.[10] The factors affecting dezincification are- 

  a) Alloy Composition- Brasses with Zn between 
15%-30%       are susceptible to dezincification.[19] 
b) Effect of alloy additives- As and Sn can reduce 
dezincification in alpha brasses and duplex brasses. 
c) Water Chemistry- The liquid or media to which 
metal is in contact or exposed and its individual 
constituents affect dezincification. When water reacts 
with metal, a film formation takes place. In some 
cases, the film controls corrosion attack while in 
other cases it may accelerate the attack. 
 
2.   Stress Corrosion Cracking (SCC) 
Stress corrosion cracking is a phenomenon of 
cracking of susceptible alloys by action of high 
residual stresses and specified corrosive environment. 
Stresses can be entrapped during cold working of Cu 
alloys. Duplex brasses where Zn content is between 
20%-40% are highly prone to SCC.[3]. It was initially 
called as season cracking. During British period, 
brass cartridge cases used by British army were found 
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to crack in ammonia environment. Ammonia came 
from the decay of organic matter. The phenomenon 
occurred in rainy season, so it was called season 
cracking.  
 
The cracking is Intergranular.[16]  There are three  
basic mechanisms of SCC. In active path dissolution, 
enhanced corrosion along the most active path i.e. 
grain boundary occurs where excess of material is 
passive. So corrosion susceptibility in that part 
becomes higher than normal. Eg. Sensitization of 
chromium. When additional stresses are present, 
cracks will open up and corrosion product will enter 
crack tip and accelerate corrosion.In hydrogen 
embrittlement, the small atoms of hydrogen fits in the 
metal atoms in crystals of metal. Hydrogen atom 
tends to enter areas of high triaxial tensile stress, 
where notches and cracks are under stress and helps 
in plastically deforming the metal. Cracks could be 
transgranular or Intergranular. In film induced 
cleavage, when a brittle film forms a coating on 
ductile material, the film propagates into the material. 
If film has resulted from a corrosion phenomenon, 
then it can occur on crack tip again and again. This 
type is found mostly in brass with transgranular 
fracture.  
 
The factors affecting SCC are- 
a) Alloy- The composition, microstructure and heat 
treatment of alloy effects SCC occurrence. 
b) Stress- There is a threshold stress below which 
cracking will not occur. Products in service contain 
edges, cracks, welds, pits, etc that have stress 
concentration and can act as stress raisers. These 
further help in achieving threshold stress value. 
c) Environment- Apart from hydrogen embrittlement, 
the other two SCC mechanisms are more particular 
for SCC. Cracking depends on specific corrosion 
reactions at crack tip, crack wall and surface. If 
corrosive environment is controlled, cracks would not 
form.   

There are two ways of controlling SCC- 
Environment Control-This includes adding inhibitors 
or isolating the metal from environment with suitable 
coatings. 
a) Stress Control- Residual stress relief 
annealing could be done to remove the effects of cold 
working, welding, etc. It is not possible to remove 
working stresses. For large structures, partial stress 
relief annealing could be done. Mechanical ways of 
removing stress like grit blasting and shot peening 
can also help in SCC control.[11] 

 
3. Corrosion Fatigue Cracking 
 Failure of components by coactions of cyclic stress 
and chemical attack is called corrosion fatigue 
cracking. Corrosive environments lead to shorter 
fatigue life. Chemical reactions take place between 
environment and material so small pits are formed 
which result in stress concentration. So stresses at pit 
points increase and form a basis for cracks. The 
corrosive environment further accelerates crack 
propagation. The type of cyclic stress, its frequency if 
persists for longer durations causes reduced fatigue 
life. Methods to prevent corrosion fatigue are 
applying protective surface coatings, use of    
corrosion resistant material and if possible reduce 
applied stresses.[8] 

 
 4. Failure by surface degradation 
A phenomenon caused by formation of metal oxides       
at metal-coating interface which spoils the metal 
surface is called surface degradation. These oxides 
reach the metal surface by means of growing through 
cracks that were formed in the coating. The lubricants 
or bath used prior to electroplating, if not properly 
cleaned can react with plating solution and cause 
surface degradation. The various components of brass 
under experimental study with different 
environmental conditions show different failure 
modes. A brief study of failure modes is given in 
Table II. 
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CONCLUSION 
 
The brass is a material with very useful applications 
but it has very serious problem of failure during 
service life under different environmental conditions.  
The following facts can be concluded from this study- 
1. The heat treatment in proper conditions provides 
better results to control the failure of brass 
components. 
2. Formation of cuprous compounds is the main cause 
of dezincification, since both Cu and Zn dissolve at 
the same time from brass but Cu is redeposited and so 
only Zn is lost. 
3. Cold working operation in brass, especially with 
high Zn content leave internal stresses which can 
cause stress corrosion cracking. 
4. Cu and Zn cause a marked reduction in fatigue 
resistance particularly in aqueous solution containing 
chloride ions. 
5. Due to formation of ZnO and CuO at the metal 
coating interface that reaches the surface by growing 
through cracks that were also formed in Ni coatings. 
 
REFRENCES 
 

[1] CDA, Copper Development Association, Pub 117,Section 
1-8,” The Brasses-Properties and Applications”, 2005 

[2]  K.Ravindranath, N.Tanoli and H.Gopal, “Failure 
investigation of brass heat exchanger tube”, Science Direct, 
Engineering Failure Analysis,vol. 26,pp 332-336, August 
2008 

[3]  Annalisa Pola, Marcello Gelti, Laura Eleonora Depro and 
Roberto Roberti, “Study of Annealing Temperature Effect 
on stress corrosion cracking of Aluminum brass heat 
exchanger tubes by micro diffraction experiments”, Science 
Direct, Engineering Failure Analysis ,vol 15,pp 54-61,2008 

[4]  George A.Pantazopoulos and Anagostics I. 
Toulfatzis,”Failure analyses of a machinable brass 
connector in a boiler unit installation”, Science Direct, Case 
studies in Engineering Failure Analysis ,vol 1,pp .18-23, 
2013 

[5] Yong De Li,Na Xu, Li-Li Zhang, Mei Zhao, Wei-Min Guo, 
Guo-Gang Yan ,”Failure analyses of the tyre valves of 
trucks”, Science Direct, Engineering Failure Analysis ,vol 
34,pp 358-364, 2013 

[6]  S.Qu, G.Yao, J.F.Tian and Z.F. Zhang, ,”Failure analyses of 
the brass tubes in a lubricating oil cooler”, Science Direct, 
Engineering Failure Analysis, vol 18, pp.2232-2239, 2011 

[7]  Carlo Mapelli, Andrea Gruttaduaria and Maltia Bellogini, 
,”Analysis of the factors involved in failure of brass sleeve 
mounted on an electrovalve”, Science Direct, Engineering 
Failure Analysis, vol 17, pp. 431-439, 2010 

[8]  M.F. Garza-Monlez-de-Oca, N.A.Garcia-Gomez, I Alvarez-
Elcoro and R.Colas, ,”Surface Degradation of Nickel plated 
brass fittings”, Science Direct, Engineering Failure 
Analysis, vol 36, pp. 314-321, 2014 

[9]  W.D. Callister, Material Science and Engineering, 2009 

[10]  D.Nicholas, “Dezincification of Brass in potable waters”, 
Urban Research Association of Australia, vol 84, 1994 

[11]  Dr. R.A. Cottis, “ Corrosion and Protection Centre” , 
UMIST under contact from NPL, Department of Trade and 
Industry 

[12]  Steigerwald R. “Metallurgically influenced corrosion”, In: 
ASM handbook, Corrosion, ASM International, vol 13, pp. 
123-135, 1987 

[13]  Polan N.W, “ Corrosion of copper and copper alloys”, In: 
ASM handbook. Corrosion, ASM International, vol.13 ,pp 
.610-40, 1987 

[14] Fontana M.G, “ Corrosion Engineering”, Mc Graw Hill,  
1986 

[15]  Nues R.Adams JH, Ammons M Avery HS, Barnhurst Rj 
and Bean JC, “ non ferrous alloys and special-purpose 
materials” ,ASM handbook-properties and selection:,  ASM 
Int  , vol 2,pp. 759-792, 2002 

[16]  Brown BF. “Stress corrosion cracking control plans”, 
Copper alloys, Distributed by NTIS, vol 3, 1975 

[17]  Pantazopoulos G. “A review of defects and failures in brass 
rods and related components” ,Practical Failure Analysis, 
vol, 3(4),pp. 14-22, 2003 

[18]  Pantazopoulos G. , “A review of defects and failures in 
brass rods and related components”, Practical Failure 
Analysis, vol. 3, pp. 14-22, 2003 

 [19]  Davies, “ DDA Notes on the Dezincification of brass and 
Inhibiting Effect of Elemental Additions”,  CDA,1993 

[20]  T.K.G. Namboodhiri and R.S. Tripathi, , “The stress 
assisted dezincification of 70/30 Brass in Ammonia” 
,Science Direct, Corrosion Science,vol  26, pp. 745-756, 
1986 

[21]  R.K. Dinnappa and S.M. Mayanna, , “ The dezincification 
of Brass and its Inhibition in acidic chloride and sulphate 
solutions” ,Science Direct, Corrosion Science, vol 27,pp. 
349-361, 1987 

[22]  Pao PS and  Wei RP, “Corrosion fatigue failures”, In ASM 
handbook, Failure analysis and Prevention, ASM 
International, vol 11, pp.  62-252, 1986. 

 
 
 

 


