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Abstract 

Copper based shape memory Alloys are  interesting group of metal alloys that have 
a widespread  potential in medical and industrial applications . Cu-based shape memory 
alloys of Cu-22Zn-4Al alloy as master alloy  have been prepared by powder metallurgy 
technique with  and without the addition of( 0.2 and 0.4) wt.% of Zr. After mixing the 
powders for 5hr, the alloys were prepared using 650MPa compact pressure. Thealloys 
were subjected to sintering process in vacuum tube furnace with three steps. Several tests 
such as microstructures observation and phase analysis using scanning electron 
microscope, and X-ray diffraction analysis have been done. Electrochemical corrosion tests 
for alloys with and without the addition of(Zr) was carried out usingpotentiodynamic 
polarization techniquein three different solutions (HCl,NaOH,NaCl). XRD 
andmicrostructural analysis showed that all alloys compositions consisted of the 
predominating Cu5Zn8 phase.Corrosion test results have showed that the highest corrosion 
resistance was found in the addition of (0.4 wt.% Zr) which give the lowest corrosion rate( 
30.31mpy) in 3.5% NaCl solution.Noted that the corrosion rate of base alloy was 
(86.88)mpy 

Keywords:Cu-Zn-Al alloy; Corrosion ,Powder Metallurgy ; Microstructure,Zriconium. 

1. Introducation . 

SMAs are an important class of smart materials able to recover afterdeformation a 
pre-imposed shape through a temperature modification. Thesealloys show great potential, 
finding several applications in medicine and indifferent types of industry sectors 
(aerospace, architecture, automotive etc.)[1].The copper-based shape memory alloys 
areeasy to fabricate mostly, their process are lessexpensive when compared to (Ni-Ti) 
shapememory alloys. However, in the polycrystallinestate (Cu-Al-Ni) and (Cu-Zn-Al) shape 
memoryalloys are brittle for this reason cannot be easilyworked due to the high degree of 
order and highelastic anisotropy of the parent β-phase (austenitic)[2].Copper-based shape 
memory alloys can been strained up to (4-5%), and then convert to its primary shape[2]. 
The commercial Availability for the transformation temperature ranges between (-180 and 
+200 C(copper-zinc-aluminum) alloy [3].Cu-Zn-Al alloys Compositions usually fall in the 
range of (15-40 wt% Zn) and (4-8 wt.% Al). The martensitic transformation temperatures 
can be adjusted by varying chemical composition [4].Indifferent practical applications, 
when the alloysare exposed to different corrosive media for alonger time they are 
displayed to corrosion andpitting. Therefore, study of corrosion potential andpitting 
potential of the alloys are very necessarybefore they are put into biomedical and 
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industrialapplications. It was observed that corrosion rate ofaustenite was more than 
marten site in Cu-Al-NiSMAs. It was detected that for the sample in theaustenitic structure 
have current density is greaterthan for martensitic structure. This proves thecorrosion 
resistance for the shape memory alloyshave more than other tradition alloys because 
thehyperactive elastic behavior of polycrystallinestructure [5].In (2013)Sathish et 
al[6],Four shape memory alloys of Cu-Zn-Ni, in the range of 35-55 wt% of Cu, 43-60 wt% 
Zn and 2-9 wt% Ni, were prepared by ingot metallurgy route in an induction furnace under 
an inert atmosphere. The shape memory effect was tested by bend test. The alloys were 
further tested for its corrosion behavior in fresh water, Hank’s solution and sea water. 
From the results it was observed that the alloys exhibit high corrosion resistance in fresh 
water when compared to Hank’s solution and sea water. And it was also observed that the 
alloys exhibit better corrosion resistance in Hank’s solution than in sea 
water.In(2014)Jassim Mohammed et al. [7], studied the corrosion behavior of 
(CuAlZn) Shape Memory Alloys in (3.5 NaCl) Solution, The rate of corrosion for sample in 
austenitic structure is much superior than for martensitic structure. Corrosion rate for 
alloys was decreased with increasing the percent of alloying elements (Mn, Ti). Among the 
alloys, quenched alloy (Cu-25Zn-4Al-1%Ti) has less corrosion rate.The aim of this research 
is toprepare Cu Zn Al shape memory alloyspecimens by using powder metallurgy 
technique , studythecorrosion rate in different solutions HCl,NaOH, and 3.5% NaCl and  
microstructure after corrosion.  

2. Experimental Work. 

2.1.Materials. 

In this work ,Powders of Copper (Cu), Zinc(Zn) ,Alminum(Al) and  Zriconum (Zr)of 99.9% 
purity were used as raw materials to prepare the alloy specimens of the present study. The 
particle size of the powders was analyzed via (the better size 2000, laser particles size 
analyzer). Table 1 shows the particle size and the supplier of each powder. 

 

 

Table 1. The partical size and the supplier of the used powders 

Source Average particle 
size (μm)         

Material(Powder) 

Changsha Xinkang Advanced Material 
Co.,Ltd.  

54.14  Cu  

Changsha Xinkang Advanced Material 
Co.,Ltd.  

16.49 Zn 

Changsha Xinkang Advanced Material 
Co.,Ltd. 

18.66 Al 

Changsha Xinkang Advanced Material 
Co.,Ltd. 

6.162 Zr 

 

In the process of manufacturing the specimens using powder metallurgy, Cu-
22%Zn-4%Al-XZr (x=0.2%, 0.4%), is the primary mixture utilised. After that, the weighted 
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powder combination was mixed for five hours in order to obtain a fine and consistent 
dispersion of particles powder.The compact pressure was found to be 650 MPa. After that, 
the material was sintered in inert gas (argon) for one hour at 350 ˚C, then for one hour at 
550˚ C, and for two hours at 850 ˚C.The specimens were then allowed to cool to room 
temperature in the furnace. All specimens underwent a one-hour quenching heat 
treatment at 850°C to stabilise the β-phase structure. Following this, they underwent rapid 
cooling by submerging in 20°C cold water.Table (2) provides details on the specimen code 
and composition used in this experiment. 

Table 2. prepared specimens in the present study. 

 

 

 

 

2.2 Materials Characterization. 

SiC paper grits sized (250, 400, 600, 800, 1000, 1200, 1500, and 2000) used in the wet  
grinding and polished with diamond paste; and etched in a room-temperature solution of 
(10 mLHCl+5 gFeCl3+H2O) according toASTM E407 – 07[8] . The specimen was washed 
and dried using distilled water and an electric dryer following etching. A light optical 
microscope of the Belphoptic type was used to view and study the specimens' 
microstructure, and a TESCAN VEGA3, USA scanning electron microscope (SEM) was used 
to look at the samples' microstructure up close. We used an X-ray diffract meter (XRD) 
(model: SHIMADZU Lab XRD-6000) to study the base's phases. In the XRD studies, CuKa 
radiation operating at 40 KV and 7 mA was used as the X-ray source. The samples were 
scanned in a θ range from 30 to 80. 

2.3 Corrosion Test. 

The corrosion test was done by using the potentiodynamics polarization test in 
three different solutions: acid solution(HCl) ,basic solution(NaOH) and (3.5gm NaCl 
+96.5ml distillated  water), for all specimens with and without additives, the test was 
conducted at room temperature (25 ºC). A platinum wire was used as counter-electrode, 
the working electrodes were made of cylindrical pieces fastened with appropriate nut and 
reference electrode.The process has been programmed in computer to draw potential(mv) 
and log current (µAm) to obtain corrosion current by intersection of the tangents to the 
two curves . After that take SEMimage for more corrosive specimens and Optical 
microstructure for all specimens. Corrosion rate determined in electrochemical method by 
(corrosion current density) to  expression by the equation (1) [9] 

C.R(mpy)= 0.13 * icorr. *
𝒆

𝝆
                        ……….(1) 

icorr.=corrosion current density in (Amp/cm²) . 

 e= weight chemical equivalent for metal  

Chemical Composition    (wt) %  
 

Alloy Code 

Cu-22%Zn-4%Al   (base) 

Cu-22%Zn-4%Al-0.2%Zr  A  

Cu-22%Zn-4%Al-0.4%Zr  B 
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Where : 

mpy=mil per year 

𝑒 =
atomicweight

equivalent
 

𝜌 = theoretical density in (g/cm³). 

 

3. Results and discussions. 

3.1Microstructural characteristic of Cu-Zn-Al. 

Fig. (1a) shows the microstructure of tested alloy, where a relative coarse grain structure 
can be observed. this is expect, because it represents one of the characteristic of this alloy 
without any improvements or additions which have a significant impact on the properties 
while in figure (1 b,c) . the grain became fine with (0.2%)Zr alloying element addition and 
became finer when percentage of Zr reach (0.4%) respectively.From the figure below, 
there are two phases.the first phase is Zn-rich phase (dark area on grain boundary) and Zn-
poor phase (bright area on grain boundary), the phase refer to β and α phases respectively. 

 

Figure(1)Optical Microscope Image(20X): (a) for Sintered base Alloy, (b) for Sintered Alloy with wt. 
0.2% Zr (c) for Sintered Alloy with 0.4% Zr. 
 

In figure (2 a,b),X-ray diffraction tests were done for all specimens after the sintering. The 
phases produced as a result of sintering process can be seen in figure (2a),(2b). From the 
figure(2a)for base alloy we can see all phases appeared for this alloy:Cu5Zn8internetallic 
compound(quenching mainly producesβ phase),AlCu (γ-cubic phase),Cu9Al4(γ2 –solid 
solution ),CuAl2(tetragonal superstructure) and  Cu,Zn pure peaks [10].All phases appear 
at (3-5) position in X-ray chart.while figure (2b)after adding (0.4%) XRD diffraction for B 
alloy show no different in results expect (Zn2Zr3) appear (intermetallic compound)[11].this 
intermetallic compoundeffective strengthening phases. 

 
 

  
 
 
 

 

a  b c  

α 

β 
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Fig (2) XRD for (a) base alloy (b) XRD for B alloy. 

In Fig (3)It is a confirmation of the observations mentioned in the previous paragraph, 
where the rough structure is clear and the porosity is wide spreads in base alloy as shown 
in a Fig 3(a).But when the Zr element was added, the picture begin to change , as the 
grains begein to become smoother ,with opportunity for other phases and compounds to 
appear as it show in x-ray diffraction for A,Bspecimensas shown in Fig3(b, c)respectively. 

 
 
 
 
 
 

  

Fig (3)SEM image for (a) basealloy,(b)for A alloy and (c)for B alloy . 

3.2 Corrosion Test Result. 

Corrosion test is very important to display how amaterial will behave when exposed to a 
corrosiveenvironment. The corrosion test was done by usingthe potentiodynamics polarization test 
in threedifferent solutions (HCl,NaOH and 3.5%NaCl) for all samples with additives andwithout it, 
the test done at room temperature 25 ºC.Overall,The data listed in Table 3,show The Ecorr which 
is an indicator ofthe stability of surface Conditions. Thus, lessvariability in E corr values from 
different samplesis indicative of more consistent surface processing.The Icorr and calculated CR 
are relative measuresof corrosion and illustrate how much of a materialwill be lost during the 
corrosion process. Hence,the higher Icorr and calculated CR, cause morematerial lost.Table (3) 
data indicated that the corrosion rate decreased as Zr concentration increased up to 
(0.4%), indicating that specimen (B) had highest corrosion resistancein 3.5%NaCL,the 
corrosion rate was (30.31mpy ),while forspecimen(A) the corrosion rate was (38.30) and 
for the base corrosion rate was (86.88)mpy. this is agreement with other studies [12]. 

 The process of corrosion begins with the dissolving of copper to soluble 
cuprous chloride ion complex (CuCl-2) and its diffusion into the bulk solution. At higher 
potentials, the current density reduces somewhat due to the production of corrosion 
products on the surface of the electrod, This decrease comes from the decrease of electrode 

a  b  

a  b  c  
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potential for oxidation and decrease current density is explained by formation (CuCl), 
(Cu2O) and aluminum oxide [13].as a shown in figure (4). 

 

Figure(4): Potentiodynamic Polarization curve in3.5% NaCl solution 

Figures (5) and (6) depict the corrosion behavior and rate of all specimens in various 
concentrations (HCl) medium. This graphic indicates that the corrosion rate of base alloy 
increased with increasing concentrations of HCl reachedto (507.16) mpy in 1MHCl while in 
0.5M HCl corrosion rate reached to (383.46)mpy as shown in table (3).This is due to the 
more concentration of Cl– ions in the solution of which causes more corrosion[140].for 
specimen (B) ,we say previously this alloyhave the best corrosionresistance compared to other 
alloys in(1M and 0.5M)HCl reached to (361.9 and315.2 ) mpyrespectively. While specimen (A) 
corrosion rate in (1M and 0.5M) is (370.73 and 331.53)mpy.Figure (7)and (8) imagefor surface 
specimens after corrosion test in (1Mand0.5M)HCl. 

 

Figure(4): Potentiodynamic Polarization curve in3.5% NaCl solution 
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Figure (7):Microstructure after corrosion for all alloys in 1M  HCl(20X) (a) base alloy 
(b) A alloy (c)B alloy . 
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Figure (8):Microstructure after corrosion for all alloys in 0.5 M  HCl(20X) (a) base 
alloy (b) A alloy (c)B alloy . 

Figure( 9) depicts corrosion behavior and rate of all specimens in (NaOH) media. As 
previously stated, alloy (B) has the best corrosion resistance among all specimens when 
compared to other alloys. The corrosion rate for this alloy reached to (65.65) mpy as 
shown in table (3).This reveals that shape memory alloys have higher resistance to 
corrosion than traditional alloys due to the hyper elastic behavior of their polycrystalline 
structures. It's likely that phase transformation-induced structural ordering influences the 
corrosion behavior for CuZnAl shape memory alloys,[14]. 
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Figure (9):Microstructure after corrosion for all alloys in 1 M  NaOH(20X) (a) base 
alloy (b) A alloy (c)B alloy . 

Table (4.6): The Cu–Zn–Al SMA polarization characteristics in three distinct 
corrosion solutions with and without Zr addition. 

Alloy 
code 

Corrosion 
solution 

Ecorr (mV) Icorr(μA/cm2) 
Corrosion 

Rate (mpy ) 
Base 

3.5% NaCl 
-152.3 126.71 86.88 

A -124.3 56.59 38.80 
B -220.8 44.21 30.31 

Base 
1M HCl 

-22.2 739.6 507.16 
A -12.9 540.7 370.73 
B -19.7 527.8 361.9 

Base 
0.5M HCl 

-20 559.26 383.46 
A 4.2 483.53 331.53 
B -10 459.79 315.2 

Base 
1M NaOH 

-288.1 543.12 372.40 
A -225 117.95 80.86 
B -247.4 95.67 65.56 

 

Figures(10 and 11) illustrates SEM image confirm the optical microstructure image  
for more corrosive specimens in three different media,It insures the successof the 
manufacturing process and appearance ofmartensite phases in the form of layers and α 
alphaphase   it appear in the bright regions whiledark regions it refers to the beta phase β. 
Themicrostructure includes some of pores, and thepercent of these pores affect the alloy 
density asmentioned in section of porosity the specimens  . 
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Figure (10):SEM for base alloy(50X) in (a) 1M HCl (b) 0.5M HCl(c)NaOH 

 

 
 
 
 
 
 
 
 
 
 

  

 

Figure (11):SEM for A alloy(50X) in (a) 1M HCl (b) 0.5M HCl(c)NaOH 

Conclusion. 

From studying the investigation of corrosionbehavior of copper-based shape 
memory, alloy indifferent media all the specimens with and without additivesconsist of 
two main phases (β-phase) and (α-phase), this is obtained from XRD andmicrostructure 
Observations.The corrosion rate decreases with increase in Zrpercentage in all solutions 
(HCl, NaOH and NaCl)the perfect addition was 0.4%Zr elementbecause have the lower 
corrosion rate in all solutions.  
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