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Abstract:  For this study, the effect of the rare earth element erbium (Er)  and 
 neodymium (Nd) on the microstructure and mechanical properties of the Mg alloy 
 investigated. The case study method performed by referring to previous research and 
 journal articles. In the references, the experiments were performed by using optical 
 microscopy (OM) and scanning electron microscopy (SEM) with electron dispersive 
 spectroscopy (EDS) showed the erbium and neodymium altered the grain size of the 
 alloys. The grain size of the alloys by observation on optical microscopy promised a 
 grain  refinement. SEM/EDS results showed that Er and Nd addition gave a new 
 formation of intermetallic phases along the grain boundaries and dissolved into the 
 magnesium matrix. Both additives improved the ultimate tensile strength (UTS) and 
 the hardness value of the Mg-Zn base alloys. 


Keywords: Mg Alloys, Erbium, Neodymium, Microstructure, Mechanical 
 Properties 


1.  Introduction 


Magnesium alloys are alloys in which magnesium (Mg) is the predominant metal. The typical 
 alloying elements are copper, aluminum, manganese, silicon, tin, and zinc. Magnesium are preferred 
 as the weight- reduction material from its overall strength and the vibration damping capacity is also 
 beneficial in application in which the internal forces of high-speed components must be reduced. 


Mostly the material being applied in aircraft and aerospace field, automotive parts and electronics 
appliances [1]. Zinc (Zn) is generally alloyed with aluminium, zirconium, rare earths, or thorium to 
deliver precipitation-hardenable magnesium composites having great quality. Otherwise, Rare earth 
(RE) metals are included into the Mg alloys either as mischmetal to decrease the expenses on 
manufacturing. Augmentations of the rare earths increment the quality at raised temperatures. They 
additionally diminish weld splitting and porosity since they are thinning the solidifying scope of the 
composites. 



(2)AZ91 and AM50 are commonly used as the commercial magnesium alloy in the industry due to 
 its outstanding mechanical properties and good castibility that limited to temperature below 120°C. In 
 the previous study, the as-cast microstructure of magnesium ZRE1 alloy consists of α-Mg matrix and 
 a (Mg, Zn)12RE intermetallic phase crystallized along the grain boundaries [2]. Erbium (Er) is a RE 
 that dissolve in Mg (32.7 wt.%) at temperature of 584°C [3]. Add up erbium into a Mg–Zn–Zr alloy 
 improves the deformability  of  the  latter  and  prompts  to  the  development  of  a  fine  and  uniform 
 microstructure. Moreover, erbium can increase the thermal stability and improve the mechanical 
 properties of the alloy structure. Neodymium additions to magnesium have been shown to improve 
 mechanical properties through precipitation and solid solution hardening. Addition of RE as a mixed 
 metal can have the same effect as adding a single rare earth to the microstructure. 


However, the addition of different RE into Mg-Zn system have different behaviours regarding to 
 their microstructure and mechanical properties. Thus, the actual type and composition of RE addition 
 is compulsory when accrediting the effect of RE addition to the alloy properties. In the present study, 
 the microstructure and mechanical properties of Mg-Zn base alloy or magnesium Elektron ZRE1 
 alloy with addition of erbium and neodymium are identified. 


2.  Selection of References 


The research method used for this study was case study by referring to past research and articles 
 view. The selection of references were based on their objectives as similar to this study’s objectives 
 with other criteria such the year of publication,  types of alloys used and type of experimental 
 procedure conducted. All the publication for the selected references were taken for past ten (10) years 
 from present and the type of the alloys used were mostly prioritized on the Mg-Zn system alloys with 
 addition of Er and Nd as the scope of the study was pointed on. For type of experimental procedure, 
 the case study review was mainly focused to the microstructure and mechanical properties of the 
 specimens with proper testing and laboratory analysis by using the proper instruments. 


2.1 Publication by year 


The selected references were chosen in between year 2012 to 2017 with various sources such 
 articles, journal articles and previous thesis. The objective of the study for all references were mostly 
 related to this study and they were reliable as the references from the literature review. In Table 1 
 shows the distribution of the references by year with other descriptions; authors and type of 
 references. 


Table 1: Distribution of published references in year 


No.  Author  Type of reference  Year 


1  Shegaff. Z.M.  Thesis  2017 


2  Farahin N.  Thesis  2017 


3  Wang Jing, Liu Ruidong, Dong Xuguang, Yang Yuansheng  Journal article  2013 
 4  Xu Chunxiang, Wang Xing, Zhang Jinshan, 


Zhang Zhaoguang  Journal article  2014 


5  M. Vlcek, J. Cizeka, B. Smola, I. Stulikova, 


I. Prochazka, R. Kuzel, A. Jager, P. Lejcek  Article  2012 


2.2 Type of alloys 



(3)Magnesium alloys with Mg-Zn alloy system was preferred in this study as they were similar to 
 magnesium Elektron ZRE1. Other magnesium alloys were plausible as long the main composition of 
 the base alloy was magnesium (Mg) and zinc (Zn) element. From the collected references, the 
 experimental procedure runs with the addition of RE into the base alloy were arranged by the element 
 of rare earth used such erbium (Er) and neodymium (Nd) with different number of specimen and 
 weight percentage (wt.%). 


2.3  Analysis review and experimental procedure 


The case study review was directly to the objectives of the study on analysis of the microstructure 
 and mechanical  properties  of the  base  alloy  after  the  addition  of  RE. Furthermore,  mechanical 
 properties of the specimen were tested by using tensile test and hardness test. This test determines 
 either the mechanical properties  of the base alloy had been improved or not after Er and Nd added. 


The microstructure analysis was using optical microscopy and SEM/EDS to obtain the qualitative 
 and quantitative data such grain size measurement and determination of phases formed with their 
 compositions along the grain boundaries. 


3.  Result and Discussion 
 3.1 Microstructure 


The analysis began with Er addition into Elektron ZRE1 and Elektron 21 alloy. For ZRE1 alloy, 
 the pattern of the grain size decreased from 50.39 µm to 43.98 µm at 0.75 wt.% Er while for Elektron 
 21 alloy was 316.80 µm to 166.75 µm at 2.5 wt.%. Figure 1 shows the optical microscopic images 
 for grains size comparison between the pure Elektron 21 and ZRE1 alloy with after addition of Er 
 respectively. 


(i)  (ii)  (iii)  (iv) 


Figure 1: (i) Pure ZRE1 alloy; (ii) ZRE1 alloy with 0.75 wt.% Er; (iii) Pure Elektron 21 alloy; 


(iv) Elektron 21 alloy with 2.5 wt.% Er 


While for  Nd addition, the  images can be seen in  Figure 2  where  the formation of the grain 
 boundaries was visible when the weight percentage (wt.%) of Nd additives were increased into the 
 base alloy. Mg-Zn- Zr-Y alloy and ZK60 alloy give the same results after addition of wt.% Nd with 
 the grain size decreases compared to its pure alloy. 


(i)  (ii)  (iii)  (iv) 


Figure 2: (i) Pure Mg-Zn-Zr-Y alloy; (ii) Mg-Zn-Zr-Y alloy with 2.98 wt.% Nd; (iii) Pure Elektron 
 ZK60 alloy; (iv) Elektron ZK60 alloy with 0.2 wt.% Nd 


In terms of volume fraction, the overall experiment for Er and Nd addition give an elevated value 
from their  pure  base  alloy. However, the  increase  volume fraction cannot  be  determined by  the 



(4)increases of wt.% RE as there were specific composition need to be selected for every RE addition 
 into the base alloy. The SEM images for every samples for both Er and Nd additives for all base 
 alloys showed the intermetallic compound was continuously distributed along the grain boundaries. 


According to Ahmad (2016), the decreasing of the RE’s solubility in the Mg was affected by the 
 combination of the alloying RE with the element [4]. The overall result of the experiments for both 
 Er and Nd addition into the base alloys proved the statement by the weight percentage, wt.% of Mg 
 element when the SEM images were analyzed in EDS analysis. Figure 3 represents the SEM image 
 of Mg-Zn-Zr-Y alloy after addition of Nd and Table 2 shows its composition of the element by EDS 
 analysis. 


Figure 3: SEM images of Mg-Zn-Zr-Y alloy with 2.98 wt.% Nd additive 
 Table 2: EDS result for Mg-Zn-Zr-Y alloy 


The addition of Nd element in Mg-Zn-Zr-Y alloy with 2.98 wt.% promised the result where the 
 grain boundaries were clearly formed at point B, C and D. The weight percentage of Nd in the region 
 were 10.959, 5.103 and 5.538 wt.% respectively. 


3.2 Mechanical properties 


From the acquired result for all experiment, the RE metals alloying with Mg-Zn system alloys 
 promised an improvement on the mechanical properties slightly as they increased the Ultimate 
 Tensile Strength (UTS). Yufeng Zheng (2017) stated, an improvement of the mechanical properties 
 increased when a third alloying element such Sr, Zr, Mn, Ca and Y was introduced into Mg-Zn based 
 alloy [5]. For Elektron ZRE1 and Elektron 21, their results promised as expected with an improvement 
 of UTS value after addition of Er from 153.09 MPa to 176.16 MPa and 126.35 MPa to 119.0 MPa 
 respectively. Differ to Mg-Zn-Zr-Y alloys, Nd addition did not improve the UTS due to lack of wt.% 


Nd presence although an increment happened in data and not exceed from its initial value. For ZK60, 
the the 0.2 wt.% gave a better result for the UTS but when 1.5 wt.% Y introduced into the alloying, 
the UTS drop immediately. According to Xu Chunxiang et. al., the situation was happened due to Zn 
strengthening effect was debilitated in the matrix as the combination of Nd and Yb additives increased 
in Mg-Zn-Zr alloy system in ZK60 [6]. Figure 4 illustrated the overall experiment result from tensile 
test for both Er and Nd addition. 



(5)Figure 3: The overall UTS result for every Er and Nd addition into the base alloys 


In Vickers’s hardness test, Er and Nd gave the improvement to their base alloys respectively. 


Elektron ZRE1 alloy with Er addition had a highest value of hardness of 62.73 HV at 0.75 wt.% while 
 the pure base alloy was 47 HV. On the other hand, Er alloying in Elektron 21 alloy shows a highest 
 hardness value at 2.5 wt.% with average of 54.96 HV compared to origin with average of 48.33 HV. 


Nd additives allowed and increment on Mg-Y-Nd-Zr alloys at its hardest value at WE43+26Zn alloy 
 with 25.82 wt.% Zn additives; presence of the 1.16 wt.% Nd. In the Figure 4, the overall graph pattern 
 of presence of wt.% Nd in Mg-Y-Nd-Zr alloy were represented. 


Figure 4: The presence of wt.% Nd with their hardness value 
 4.  Conclusion 


The effect of the addition of Er and Nd on microstructure and mechanical properties of Mg-Zn 
 base alloy was investigated. From the case study analysis, the follows can be summarized: 


a)  Erbium and neodymium additives refined the microstructure of the Mg-Zn base alloys, grain size 
 reduced and an increasing of volume fraction from its pure alloy 


b)  Addition of erbium and neodymium leads to the formation of additional intermetallic phases that 
 distributed along the grain boundaries. 


c)  Erbium and neodymium additives did improve the mechanical properties of the Mg-Zn base alloys 
 as the UTS and hardness value, HV increased. For neodymium, the expected result not occurred 
 if the other RE was added such Y and Yb into the base alloy. 


d)  The preferred wt.% of Er and Nd should be added into base alloy were in range of 0.2 to 2.0 for 
further study. 



(6)References 


[1]  Asian Metal. (2005). Magnesium: applications and uses-Metalpedia. Retrieved October 13, 2019, 
 from http://metalpedia.asianmetal.com/metal/magnesium/application.shtml 


[2]  Rzychoń, T., Kiełbus, A., & Szala, J. (2007). Microstructure and quantitative analysis of cast ZRE1 
 magnesium alloy. Archives of Foundry Engineering, 7(1), 175–178. 


[3]  L.L. Rokhlin, Magnesium alloys containing rare earth metals: structure and properties, Crc Press, 
 2003 


[4]  R. Ahmad, A.M.M. Elaswad, M.B.A. Asmael and N.R. Shahizan. (2017). Effect of Yttrium 
 Addition on Microstructure and Hardness of Cast EV31A Magnesium Alloy. Switzerland: Trans 
 Tech Publication. 


[5]  Zheng, Y., Xu, X., Xu, Z., Wang, J. Q., & Cai, H. (2017). Metallic Biomaterials: New Directions 
 and Technologies. Retrieved from https://books.google.com.my/books?id=dW4lDgAAQBAJ 
 [6]  Xu Chunxiang, Wang Xing, Zhang Jinshan, Zhang Zhaoguang. (2014). Effect of Nd and Yb on 


the Microstructure and Mechanical Properties of Mg-Zn-Zr Alloy. Rare Metal Materials and 
Engineering, 1809-1814. 





    
  




      
      
        
      


            
    
        Rujukan

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Muat turun sekarang ( PDF - 6 halaman - 571.26 KB )
            

      


      
      
        
  DOKUMEN BERKAITAN

  
    
      
          
        
            Climate impacts on European agriculture and water management in the context of adaptation and mitigation&mdash;The importance of an integrated approach Pete Falloon
        
      

        Reduced NPP, C inputs and above ground carbon storage Reduced soil carbon decomposition and GHG ﬂuxes Increased soil carbon losses via wind erosion Improved water availability

    
      
          
        
            AND MANAGEMENT OF THE ENVIRONMENT IN
        
      

        Development  planning  in  Malaysia  has  been  largely  sector-based  A  large  number  of Federal,  State  and  local  agencies  are  involve  in  planning,  development  and

    
      
          
        
            THE EFFECT OF COUNTRY IMAGE AND AN 
        
      

        421  6.54  The Second Order of Country Image Using Unstandardized Estimates  425  6.55  The Second Order of Country Image Using Standardized Estimates  426  6.56  The Second Order

    
      
          
        
            THE COMPONENTS OF SYSTEMATIC RISK AND 
        
      

        In the final section, we present evidence that only two components of the world  portfolio,  the  US  factor  and  the  regional  factors,  are  statistically  significant  in

    
      
          
        
            THE IMPACT OF THE CORONAVIRUS ON GLOBAL HIGHER
        
      

        Exclusive QS survey data reveals how prospective international students and higher education institutions are responding to this global health

    
      
          
        
            FACTORS IN THE UNITED STATES 
        
      

        In  this  research,  the  researchers  will  examine  the  relationship  between  the  fluctuation of housing price in the United States and the macroeconomic variables,  which  are

    
      
          
        
            THE LEARNING OF SCIENCE AND
        
      

        The  result  of this  study  indicates  most pupils  perceive  the  learning  of Science  and  Mathematics  in  English  has  brought  positive  effects  especially  in  terms 

    
      
          
        
            Population and the quality and accessibility of education
        
      

        Access to education in any historical period may be measured by the school enrolment ratio which is defined as a ratio based on the number of [.upils enrolled in primary and

      



      

    

    
            
            
      
  DOKUMEN BERKAITAN

  
          
        
    
        
    
    
        
            Media and the issues of environment
        
        
            
                
                    
                    18
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Academic writing and the art of the possible
        
        
            
                
                    
                    15
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            THE EFFECT OF AFLATOXIN B1 AND 
        
        
            
                
                    
                    55
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            THE USES AND GRATIFICATIONS OF 
        
        
            
                
                    
                    39
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            REPRESENTATION OF THE "SELF" AND 
        
        
            
                
                    
                    41
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            ASSESSMENT OF THE ACCURACY AND
        
        
            
                
                    
                    11
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Modelling the impacts of weather and climate variability on crop productivity over a large area:
        
        
            
                
                    
                    20
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Modeling and measuring the effects of disturbance history and climate on carbon and water budgets in evergreen
        
        
            
                
                    
                    38
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Syarikat

        	
             Tentang Kami
          
	
            Sitemap

          


      

      
        Hubungi  &  Bantuan

        	
             Hubungi Kami
          
	
             Feedback
          


      

      
        Legal

        	
             Syarat Penggunaan
          
	
             Polisi
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Dapatkan aplikasi percuma kami

        	
              
                
              
            


      

    

    
      
        
          Sekoly
          
            
          
          Topik
                  

        
          
                        Bahasa:
            
              Bahasa Melayu
              
                
              
            
          

          Copyright azpdf.org © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


