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஀ୱ୾୿ஂ

�ஂୱ୴୪୸୨��஀୿୯୶୬�஀ୱ୾୿ஂ

In an era of sustainable development and innovation ecosystem, a high-energy-density is one 
of the critical requirements for developing new energy storage, including battery technology. 
Research to date confirms that, Metal-Air Batteries (MABs) have an exceptionally high energy 
density, durability, and specific power compared to conventional batteries. In addition, they 
are environmentally friendly, low-cost, and lightweight. The Mg-air battery is one of the most 
attractive battery systems and presents high theoretical voltage and energy density. Mg has 
physical and electrochemical properties, is inexpensive, and is an attractive candidate for 
MABs applications. Despite many advantages of Mg alloys, there is a scientific/technological 
gap in using Mg alloys as an anode for MAB. The two main issues for Mg anod are the fast 
self-corrosion in an aqueous electrolyte and low anodic and cathodic kinetics along with few 
side reactions. One of the main reasons for those problems is the small variety of Mg alloys 
available today and the development that did not focus on applicability for MAB. Only applied 
research that will lead to a dedicated Mg alloy development could reduce the current 
application gap. This study will develop several low-cost Mg alloys and the relationship 
between alloying elements, process, and the Mg anode's discharge behavior will be studied. In 
addition, at the end of the development process, a prototype will be assembled for a Mg-Air 
battery taking into account the applicability of the battery in the near future and emphasizing 
applications in EVs.

�ஂୱ஀୩୺୩��஀୿୯୶୬�஀ୱ୾୿ஂ
 ஂ୭ୱ୰ୱ஀୿୬ ஂ୭஁ୱ஀୫୬ ஂ୯୨ ୨ୱ୬ ୬୬୭୩୪ ୬ୱ୪஀୸୨ ஂ୭୼ୱ୼୾ ,ஂୱ୪୭୴୭୿୨ ஂ୭୸஁୫୯୭ ୨୶ୱୱ୿ ஀୩ ୯୭ஂୱ୼ ୴஁ ୷୫ୱ୺୩

 ஁ୱ ஀ୱ୭୭୨-ஂ୳ஂ୶ ஂ୭୴୴୭୹୴஁ ୵ୱ஀஁୨୶ ୵ୱ஀୿୯୶ .ஂ୭୴୴୭୹ ୯୭ஂୱ୼ ୴୴୭୳ ,୬஁୫୯ ୬ୱ୪஀୸୨ ஂ஀ୱ୪୨ ୯୭ஂୱ୼୴
 ,୻୹୭୸୩ .ஂ୭ୱ୴୸୭ୱ୾୸୩୸୭୿ ஂ୭୴୴୭୹୴ ୬୨୭୭஁୬୩ ୱ୼ୱ୾୼୹ ୿୼୹୬୭ ஂ୭୫ୱ୶୺ ,୫୯୭ୱ୶୩ ୬୬୭୩୪ ୬ୱ୪஀୸୨ ஂ୭୼ୱ୼୾
 ୬୴୴୭୹୬ ஂ୭୳஀୺୶୶ ஂ୯୨ ୨ୱ୬ ஀ୱ୭୭୨-୵୭ୱ୮୸୪୶ ஂ୴୴୭୹ .୬୳୭୶୸ ୷ஂ୭୴୺୭ ୴୿஁୶ ஂ୭୴୿ ,୬୩ୱ୩୹୴ ୵ୱୱஂ୭୫ୱ୫ୱ
 ஂ୭ୱ୴୿ୱ୮ୱ୼ ஂ୭୸୭୳ஂ ୵୭ୱ୮୸୪୶୴ .୵ୱ୬୭୩୪ ୬ୱ୪஀୸୨ ஂ୭୼ୱ୼୾୭ ୱ୰஀୭୨ୱஂ ୯ஂ୶ ୬୪ୱ୾୶୭ ஀ஂ୭ୱ୩ ஂ୭ୱ୩ୱ୰୿஀୰୨୬

 ୴஁ ୵ୱ୩஀ ஂ୭୸୭஀ஂୱ ஂ୭஀୶୴  .஀ୱ୭୭୨-ஂ୳ஂ୶ ୱ୶୭஁ୱୱ୴ ୱ୩ୱ୰୿஀୰୨ ୫୶୺୭୶ ୨୭୬ ୷୳୴୭ ,୴୭୮ ୨୭୬ ,ஂ୭ୱ୶ୱ୳୭஀୰୿୴୨୭
 ஂ୭୴୴୭୹ ୱ୶୭஁ୱୱ୴ ୬୫୭୸୨୳ ୵୭ୱ୮୸୪୶ ஂ୭୪୭୹୪୹୩ ஁୭୶ୱ஁୩ ୱ୪୭୴୭୸୳୰/ୱ୺୫୶ ஀୺୼ ୵ୱୱ୿ ,୵୭ୱ୮୸୪୶୬ ஂ୭୪୭୹୪୹

 ୬஀ୱ୬୶୬ ஂୱ୶୾୺୬ ୬ୱ୮୭஀୭୿୬ ୱ୳ୱ୴୬ஂ ୷୬ ୵୭ୱ୮୸୪୶୬ ஂ୭୫୭୸୨ ୴஁ ஂ୭ୱ஀୿ୱ୺୬ ஂ୭ୱ୺୩୬ ୱஂ஁ .஀ୱ୭୭୨-ஂ୳ஂ୶
 ஂ୭ୱ஀୿ୱ୺୬ ஂ୭୩ୱ୹୬ ஂ୯୨ .ୱ୨୭୭୴ ஂ୭୩୭୪ஂ ୵୺ ୫୯ୱ ୬୳୭୶୸ ஂୱ୫୭ஂ୿୭ ஂୱ୫୭୸୨ ୬୿ୱ୰୸ୱ୿୭ ୱ୶ୱ୶ ୰ୱ୴୭஀୰୿୴୨୩

 ஂ୭୶ୱ஁ୱ୩ ୫୿୶ஂ୬ ୨୴஁ ୯୭ஂୱ୼୬୭ ୵୭ୱ୳ ஂ୭୶ୱୱ୿୬ ୵୭ୱ୮୸୪୶ ஂ୭୪୭୹୪୹ ୴஁ ୷୰୿୬ ୷୭୭୪୶୬ ୬୸ୱ୬ ୭୴୴୬ ஂ୭ୱ୺୩୴
 ஂ୨ ୵୾୶୾୴ ୴୳୭ୱ ୵୭ୱ୮୸୪୶ ஂ୪୭୹୪୹ ୴஁ ୱ୫୭୺ୱୱ ୯୭ஂୱ୼୴ ୴ୱ୩୭ୱ஁ ୱ୶୭஁ୱୱ ஀୿୯୶ ୿஀  .஀ୱ୭୭୨-ஂ୳ஂ୶ ஂ୭୴୴୭୹

 ୷ୱ୩ ஀஁୿୬ ஂ୨ ୷୯୩ୱୱ୭ ,୬୳୭୶୸ ஂ୭୴୺୩ ,୵୭ୱ୮୸୪୶ ஂ୭୪୭୹୪୹ ஀୼୹୶ ୯ஂ୼ୱ ୬୮ ஀୿୯୶ .ୱ୯୳୭୸୬ ୱ୶୭஁ୱୱ୬ ஀୺୼୬
 ஂ୫୭୸୨ ୴஁ ୬୿ୱ஀୼୬ ஂ୭୪୬୸ஂ୬୭ ୬୸୩୶୭஀୿ୱ୶୬ ,஀୭୾ୱୱ୬ ୱ୳ୱ୴୬ஂ ,୵ୱ୪୹୪୹୶୬ ୵ୱ୰୸୶୴୨୬ ஂ୴୭୳ஂ

 ஂ୭୩஁୯ஂ୬ ୲୭ஂ ஀ୱ୭୭୨-୵୭ୱ୮୸୪୶ ஂ୴୴୭୹୴ ୹୭୼ୱ୰ ୩୨ ୩୳஀୭ୱ ,୯୭ஂୱ୼୬ ୲ୱ୴୬ஂ ୵୭ஂ୩ ,୻୹୭୸୩ .୵୭ୱ୮୸୪୶୬
.୵ୱୱ୴୶஁୯ ୵ୱ୩୳஀୩ ୵ୱ୶୭஁ୱୱ ୴୺ ஁୪୫୩୭ ୩୭஀୿୬ ୫ୱஂ୺୩ ୬୴୴୭୹୬ ஂ୴୭୯ஂ୩
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:ୱ୶୭஁ୱୱ ୴୨ୱ୾୸୰୭୼

 ஂ୭ୱ୰ୱ஀୿୬ ஂ୭஁ୱ஀୫୬ ஂ୯୨ ୨ୱ୬ ୬୬୭୩୪ ୬ୱ୪஀୸୨ ஂ୭୼ୱ୼୾ ,ஂୱ୪୭୴୭୿୨ ஂ୭୸஁୫୯୭ ୨୶ୱୱ୿ ஀୩ ୯୭ஂୱ୼ ୴஁ ୷୫ୱ୺୩
 ୵୴୭୺୩ ஂ஀୳୭୶ ஀ୱ୭୭୨-ஂ୳ஂ୶ ஂ୭୴୴୭୹ ஂୱୱ୪୭୴୭୸୳୰ .ஂ୭୴୴୭୹ ୯୭ஂୱ୼ ୴୴୭୳ ,୬஁୫୯ ୬ୱ୪஀୸୨ ஂ஀ୱ୪୨ ୯୭ஂୱ୼୴

 ஂ୭୺୾୶୨୩ ஂ஀஀୯ஂ஁୶୬ ஂ୳ஂ୶୶ ୬୿୭஀ୱ ୬ୱ୪஀୸୨ ஂ୿୼୬ ୴஁ ୷୭஀୿ୱ୺୬ ୫୶୭୺ ୬୮୳஀୶୩୭ ஂ୭୩஀ ୵ୱ୸஁
 ୵ୱ୩୳஀ ୵ୱ୫୩୭୺ ୲ୱ୨ ୷ୱ୩୬୴ ୲ୱ஀୾ ୬஀୭୩୯ஂ୴ ஀ୱ୭୭୨-ஂ୳ஂ୶ ஂ୭୴୴୭୹ ୴஁ ୵୭஁ୱୱ୬ ஂ୨ ୷ୱ୩୬୴ ୱ୫୳ .୷୭୾୶ୱ୯

 ୴୩୪୭୶୬ ୯୭୭୰ ୵୺ ୵ୱ୩୳஀ ୬୴୨ ୷୳୴୭ ୬୴୴୭୹୶ ୬୺ୱ୪୶ ୩୳஀୬ ஂ୨ ୬୺ୱ୸୶஁ ୬ୱ୪஀୸୨୬ ୴୳஁ ୵ୱୱ୴୶஁୯
 ஂ୭୴୴୭୹୴ ୬୨୭୭஁୬୩ (3-30 ୱ୼) ୬୭୩୪ ஂୱ୰୪஀୸୨ ஂ୭୼ୱ୼୾ ஀ୱ୭୭୨-ஂ୳ஂ୶ ஂ୭୴୴୭୹୴ .୫୩୴୩ ୬୴୴୭୹୩ ୱ୭୴ஂ୬

 ஂ୭୸୭୳ஂ୬ ୭୸ୱ୬ ,஀ୱ୭୭୨-୵୭ୱ୮୸୪୶ ஂ୭୴୴୭୹୩ ୱ୫ୱஂ୺ ஁୭୶ୱ஁୩ ୱ୮୳஀୶୬ ୷୭஀ஂୱ୬ ,୻୹୭୸୩ .୵୭ୱ୿ ஂ୭୶ୱୱ୿୬ ୵୭ୱஂୱ୴
 ஂ୭୴୺୩ ,୬୩ୱ୩୹୴ ஂୱஂ୭୫ୱ୫ୱ ஂ୳ஂ୶ ୵୺ ୫୯ୱ ୬୬୭୩୪ ୬ୱ୪஀୸୨ ஂ୭୼ୱ୼୾ ஂ஀஁୼୨୶୬ ୵୭ୱ୮୸୪୶୬ ஂ୳ஂ୶ ୴஁

 ୷୳ ୭୶୳ ,୬஀୭୩୯ஂ୬ ஂୱୱ஁୺ஂ୩ ୵୭ୱ୳ ஁஀୫୸୬ ୱ୮୳஀୶୬ ୷୭஀ஂ୼୴ ୭୨ୱ୩ୱ ୬୴୨ ୴୳ .୲୭୶୸ ୴୿஁୶୭ ୬୳୭୶୸
 ஂ୭୴୴୭୹ ஀୭୩୺ ୱ୮୳஀୶୬ ୵୭஁ୱୱ୬ .ஂ୭୰ୱ୴୼ ୨୴୴ ୬୴୭୮୭ ୬୿୭஀ୱ ୬ୱ୪஀୸୨ ஂ୴୩୿୴ ,ஂ୭஀୯୨ ஂ୭ୱ஁୺ஂ୩

 ୵ୱ୩஀୭ ୵ୱ୼୹୭୸ ୵ୱ஁୭୶ୱ஁ ஀஁୼୨ୱ ୯୭ஂୱ୼୬஁ ୷୭୩஁୯୩ ஂ୯୿୴ ஁ୱ ୲୨ ,୩୳஀୬ ஂୱୱ஁୺ஂ ୭୸ୱ୬ ஀ୱ୭୭୨-୵୭ୱ୮୸୪୶
 .஁ୱ୪஀ ୱ୨୩୾ ୫୭ୱ୾ ୷୩୭୶୳୭ ୷୭୹୨ ୱ஀୭୮୨ ,஀୼୹ ୱஂ୩ ,୵ୱ୴୭୯ ୱஂ୩ ஀୭୩୺ ୬୸ஂ୶୬ ୩୾୶୩ ୵୭஀ୱ୯୩ ୬ୱ୪஀୸୨ ୿୼୹୳

 ஂ୭୴୴୭୹ ஀୭୩୺ ஂ୫୭୸୨୴ ୱ୫ୱஂ୺ ୵୭஁ୱୱ ஀୭୩୺ ஂ୭஀୼୭஁୶ ஂ୭୸୭୳ஂ ஂ୴୺୩ ஂ୳ஂ୶ ୬୸ୱ୬ ୵୭ୱ୮୸୪୶୬ ஂ୳ஂ୶
 ୵୭஁ୱୱ஁ ୲୳ ,୴୨஀஁ୱ ஂ୸ୱ୫୶୩ ஂ஀୾୭ୱ୶୭ ஂ୿୼୭୶୬ ୬୫ୱ୯ୱ୬ ஂ୳ஂ୶୬ ୬୸ୱ୬ ୭୮ ஂ୳ஂ୶ ୷୳ ୭୶୳ ,஀ୱ୭୭୨ ஂ୳ஂ୶

 ୴୨஀஁ୱ ஂ୸ୱ୫୶୩ ୬ୱ୪஀୸୨୴୭ ୬୴୳୴୳୴ ஂ୩୯஀୸ ୬୺୼஁୬୴ ୨ୱ୩୬୴ ୴୭୳ୱ ୱ୫ୱஂ୺
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:஀୿୯୶୴ ୵ୱ୺୪୭୸୬ ୵ୱ୰୸୰୼୨୴
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୨୴

 / ஂୱ஀୯୹୶ ୬஀୩୯୴ ஀஁୿
:ஂୱஂୱୱ஁୺ஂ

୨୴

 

 

 

 ୯୭ஂୱ୼୬஁ ୷୭୩஁୯୩ ஂ୯୿୴ ஁ୱ ୲୨ ,୩୳஀୬ ஂୱୱ஁୺ஂ ୭୸ୱ୬ ஀ୱ୭୭୨-୵୭ୱ୮୸୪୶ ஂ୭୴୴୭୹ ஀୭୩୺ ୱ୮୳஀୶୬ ୵୭஁ୱୱ୬
 ୱஂ୩ ,୵ୱ୴୭୯ ୱஂ୩ ஀୭୩୺ ୬୸ஂ୶୬ ୩୾୶୩ ୵୭஀ୱ୯୩ ୬୿୭஀ୱ ୬ୱ୪஀୸୨ ୿୼୹୳ ୵ୱ୩஀୭ ୵ୱ୼୹୭୸ ୵ୱ஁୭୶ୱ஁ ஀஁୼୨ୱ

 ஀୭୩୺ ஂ୭஀୼୭஁୶ ஂ୭୸୭୳ஂ ஂ୴୺୩ ஂ୳ஂ୶ ୬୸ୱ୬ ୵୭ୱ୮୸୪୶୬ ஂ୳ஂ୶ .஁ୱ୪஀ ୱ୨୩୾ ୫୭ୱ୾ ୷୩୭୶୳୭ ୷୭୹୨ ୱ஀୭୮୨ ,஀୼୹
 ஂ୿୼୭୶୬ ୬୫ୱ୯ୱ୬ ஂ୳ஂ୶୬ ୬୸ୱ୬ ୭୮ ஂ୳ஂ୶ ୷୳ ୭୶୳ ,஀ୱ୭୭୨ ஂ୳ஂ୶ ஂ୭୴୴୭୹ ஀୭୩୺ ஂ୫୭୸୨୴ ୱ୫ୱஂ୺ ୵୭஁ୱୱ

 ஂ୸ୱ୫୶୩ ୬ୱ୪஀୸୨୴୭ ୬୴୳୴୳୴ ஂ୩୯஀୸ ୬୺୼஁୬୴ ୨ୱ୩୬୴ ୴୭୳ୱ ୱ୫ୱஂ୺ ୵୭஁ୱୱ஁ ୲୳ ,୴୨஀஁ୱ ஂ୸ୱ୫୶୩ ஂ஀୾୭ୱ୶୭
 .୴୨஀஁ୱ

:஀୿୯୶୬ ஂ୭୩ୱ஁୯

:୵୫୨ ୱ୸୩୩ ஀୿୯୶ ୨୴୨୴ :୵ୱ୯୶୾୩ ஀୿୯୶

:୬஀୩୯ ୴୨஀஁ୱ ୵୬୩ ୵ୱୱ୶୭୨୴୸ୱ୩ ୵ୱ୸୭୪஀୨ ஂ୭ୱஂ஁ஂ୩ ஁୭୶ୱ஁ ஂ୭஁୺ୱ୬୴ ୱ୭୼୾ ஀୿୯୶୩ ୵୨୬୨୴

:୵ୱୱ୯ ୱ୴୺୩୩ ஀୿୯୶୨୴
୨୴ :஀୼୹ ୱஂ୩୩ ஀୿୯୶

୴୴୭୳ ஀୿୯୶୬ ୵୨୬

:஀୿୯୶୬ ஂ୼୭୿ஂ ୴୳ ୲஀୭୨୴ ୭஁஀୫ୱ஁ ୴୳୳ ୵ୱ஀୭஁ୱ୨୬ ஂ୳஀୨୬ ୻୿୭ஂ ஂ୨ ୨୫୭୭୴ ୱ୴୺ ୱ୳ ஂ/୺୫୭୶ ୱ୸୨୨୴
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஀୿୯୶୬�ஂ୭୾୭୩୿
஀୿୭୯ ୱ୰஀୼

��ʺʩʺʡʩʡʱ�ʺʥʢʤʰʺʤ��ʭʩʸʮʥʧ�ʺʱʣʰʤ��ʺʥʩʧʮʥʮ
ʸʥʶʩʩ�ʺʥʩʢʥʬʥʰʫʨ

guy@sce.ac.il��ʩʰʥʸʨʷʬʠ�ʸʠʥʣ

25��ʨʷʩʥʸʴʡ�ʯʮʦ�ʦʥʧʠ

ʨʷʩʥʸʴ�ʦʫʸʮ��ʸʷʥʧ�ʢʥʱ

Dr Guy Yehuda Ben Hamu��ʭʹ

ʯʥʲʮʹ�ʩʮʱ���ʤʱʣʰʤʬ�ʺʩʮʣʷʠʤ�ʤʬʬʫʮʤ��ʣʱʥʮ

0547787911��ʣʩʩʰ�ʯʥʴʬʨ

ʤʩʦʥʸʥʷ��ʭʩʸʮʥʧ�ʺʱʣʰʤ��ʺʥʩʧʮʥʮ

amir.eliezer11@gmail.com��ʩʰʥʸʨʷʬʠ�ʸʠʥʣ

25��ʨʷʩʥʸʴʡ�ʯʮʦ�ʦʥʧʠ

ʩʹʠʸ�ʸʷʥʧ��ʸʷʥʧ�ʢʥʱ

Prof Amir Eliezer��ʭʹ

ʯʥʲʮʹ�ʩʮʱ���ʤʱʣʰʤʬ�ʺʩʮʣʷʠʤ�ʤʬʬʫʮʤ��ʣʱʥʮ

��ʣʩʩʰ�ʯʥʴʬʨ

஀୿୯୶୬�ஂ୭୭୾
୵ୱ୰஀୼ ୬୾୭୩୿

 ୱ୸஁ ஀୨୭ஂ୴ ୰୸୫୭୰୹��஀୿୯୶୩�୫ୱ୿୼ஂ
Ms Student A Student A��୵஁

୷୭୺୶஁ ୱ୶୹ - ୬୹୫୸୬୴ ஂୱ୶୫୿୨୬ ୬୴୴୳୶୬��୫୹୭୶
��ୱ୸୭஀୰୿୴୨�஀୨୭୫

୬ୱ୮୭஀୭୿ ,୵ୱ஀୶୭୯ ஂ୹୫୸୬��ஂ୭ୱ୯୶୭୶

Dr Guy Yehuda Ben Hamu

୰୸஀୭୰୿୭୫��஀୿୯୶୩�୫ୱ୿୼ஂ
Mr Student B Student B��୵஁

୷୭୺୶஁ ୱ୶୹ - ୬୹୫୸୬୴ ஂୱ୶୫୿୨୬ ୬୴୴୳୶୬��୫୹୭୶
��ୱ୸୭஀୰୿୴୨�஀୨୭୫

 ୵ୱ஀୶୭୯ ஂ୹୫୸୬��ஂ୭ୱ୯୶୭୶

Dr Guy Yehuda Ben Hamu

୬୫୩୺୶ ୹୫୸୬୶��஀୿୯୶୩�୫ୱ୿୼ஂ
 Mr lab technician lab technician��୵஁

୷୭୺୶஁ ୱ୶୹ - ୬୹୫୸୬୴ ஂୱ୶୫୿୨୬ ୬୴୴୳୶୬��୫୹୭୶
��ୱ୸୭஀୰୿୴୨�஀୨୭୫

୵ୱ஀୶୭୯ / ஂ୭୸୭୳୶ ஂ୹୫୸୬��ஂ୭ୱ୯୶୭୶

Prof Amir Eliezer

 ୨୴ :୵ୱ஀୯୨ ୵ୱ୰୿ୱ୭஀୼୩ ୩஀୭୺୶ ୱ୸ୱ୨
ஂ୭୸ୱ୶୮

 ୵୭୳୹ ୰୿ୱ୭஀୼୩ ୷୶୮୬ ୮୭୯୨ ୰୿ୱ୭஀୼୬ ୨஁୭୸ ୷୶୶୶୬ ୫୹୭୶୬ ୵஁ ୱ஁୨஀ ஀୿୭୯

180,000 15 Environmental 
degradation of AM-

fabricated structural 
alloys

SCE Dr Guy Yehuda Ben 
Hamu
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 ୳"୬୹
 ୵୭୳୹

 ୵୭୳୹
3 ୬୸஁୴

  ୵୭୳୹
2 ୬୸஁୴

  ୵୭୳୹
1 ୬୸஁୴

 ୵ୱ஁୫୭୯
୷୭୶ୱ୶୴

஀୿୭୯ ୵஁ ୬୾୭୩୿

249,600 83,300 83,000 83,300 12 ୰୸஀୭୰୿୭୫ Dr Guy Yehuda Ben 
Hamu

 Salary requested for  Ph.D students
ho will perform  a Ph.D study on the various aspects of this proposal will spend 100% of 
.their time doing research
120,000 0 60,000 60,000 12  ୱ୸஁ ஀୨୭ஂ୴ ୰୸୫୭୰୹ Dr Guy Yehuda Ben 

Hamu
 Salary requested for  the scholarship of MSc students
ho will perform  a master study on the various aspects of this proposal will spend 100% of 
.their time doing research
62,475 20,825 20,825 20,825 3 ୬୫୩୺୶ ୹୫୸୬୶ Prof Amir Eliezer

Lab technician salary is allocated for successful sample preparation and characterization

 ஀୳஁

432,075 104,125 163,825 164,125 ୳�୬୹

�୵ୱ୸஁�
୹୶�୺୩୰୶ 3ILS �஁୿୭୩୶�୩ୱ୾୿ஂ�୳�୬୹741,836

 ୳"୬୹
 ୵୭୳୹

 ୵୭୳୹
3 ୬୸஁୴

 ୵୭୳୹
2 ୬୸஁୴

  ୵୭୳୹
1 ୬୸஁୴

୫୭ୱ୾୬ ஀୭୨ஂ ୬୾୭୩୿

୺୭୩୿ ୫୭ୱ୾

 ୳"୬୹
 ୵୭୳୹

஁୿୭୩୶

 ୵୭୳୹
3 ୬୸஁୴

 ୵୭୳୹
2 ୬୸஁୴

  ୵୭୳୹
 ୬୸஁୴

୫୭ୱ୾୬ ஀୭୨ஂ ୬୾୭୩୿

ୱ୫୭୺ୱ ୺୭୩୿ ୫୭ୱ୾

 ୵୭୳୹ ୳"୬୹
஁୿୭୩୶

୫୭ୱ୾୬ ஀୭୨ஂ ୬୾୭୩୿

ୱ୫୭୺ୱୱ ୩୭஁୯ୱ୶

 ୵୭୳୹ ୳"୬୹
஁୿୭୩୶

୫୭ୱ୾୬ ஀୭୨ஂ ୬୾୭୩୿

୵ୱ୩஁୯୶

஁୿୭୩୶�୩ୱ୾୿ஂ

୫୭ୱ୾୬ ஀୭୨ஂ ୺୩୰୶  ஂ୭஀୭୿୶ ୲୹
୵ୱୱ୶୾୺

ୱ୩ୱ୾୿ஂ ୻ୱ୺୹ ୬୾୭୩୿

 ୵ୱୱ୶୾୺ ஂ୭஀୭୿୶
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 ୳"୬୹
 ୵୭୳୹

 ୵୭୳୹
3 ୬୸஁୴

 ୵୭୳୹
2 ୬୸஁୴

  ୵୭୳୹
1 ୬୸஁୴

୫୭ୱ୾୬ ஀୭୨ஂ ୬୾୭୩୿

60,000 20,000 20,000 20,000 Chemicals, Materials & lab 
consumables

Dr Guy Yehuda Ben 
Hamu

.Lab consumables are standard: chemicals, solvents, glassware, gasses
30,000 10,000 10,000 10,000 Consumables Equipment and 

Materials for SEM
Dr Guy Yehuda Ben 
Hamu

.Consumables for SEM and specimen preparation (such as lapping disks etc')
60,000 20,000 20,000 20,000 Consumables Equipment for  

electrochemical tests
Prof Amir Eliezer

.Consumables for electrochemical tests (Reference and platinum electrodes)

୴ୱ୮୨ ୫୭ୱ୾

150,000 50,000 50,000 50,000 ୳�୬୹

 ୳"୬୹
 ୵୭୳୹

 ୵୭୳୹
3 ୬୸஁୴

 ୵୭୳୹
2 ୬୸஁୴

 ୵୭୳୹
1 ୬୸஁୴

஀୭୩୺ ୩ୱ୾୿ஂ ୬୨୾୭୬୬ ஀୭୨ஂ ୬୾୭୩୿

45,000 15,000 15,000 15,000 ஀୯୨ Service Per hour 
 charges

Dr Guy Yehuda 
Ben Hamu

Per-hour charges are an important part of this project, and are to cover the use of 
characterization
equipment - XRD, SEM, TEM

5,000 0 5,000 0 ୱ୶୭஁ୱ ஂ୭୸୳ஂୱ୬ ୯୭୫ ୱ୶୭஁ୱୱ ஂ୭୸୳ஂୱ୬ ୯୭୫ Dr Guy Yehuda 
Ben Hamu

Report Submission at the end of the second year in accordance with the requirements in the call
1,000 1,000 0 0 ୪୭஁ୱୱ  ୱ஀୾୭ஂ ஂ஁୪୸୬୭ ୪୭஁ୱୱ

஀୿୯୶୬
Dr Guy Yehuda 
Ben Hamu

accessible the  research products to the general public 
3,000 3,000 0 0 ୹୸୳ ୷୭ୱ୺ ୵୭ୱ Dr Guy Yehuda 

Ben Hamu
Organization of  one day  seminar
9,000 4,500 4,500 0 ୵ୱ୶୭୹஀୼ Publication in  

 scientific journals
Dr Guy Yehuda 
Ben Hamu

Publication charges in scientific journals (including
editing and translation)

ஂ୭୸୭஁

63,000 23,500 24,500 15,000 ୳�୬୹
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஁୿୭୩୶ ୵୭୳୹ ୳"୬୹  ஁୿୭୩୶ ୵୭୳୹
3 ୬୸஁୴

 ஁୿୭୩୶ ୵୭୳୹
2 ୬୸஁୴

 ஁୿୭୩୶ ୵୭୳୹
1 ୬୸஁୴

ୱ୩ୱ୾୿ஂ ୻ୱ୺୹

432,075 104,125 163,825 164,125 ஀୳஁

150,000 50,000 50,000 50,000 ୴ୱ୮୨ ୫୭ୱ୾

63,000 23,500 24,500 15,000 ஂ୭୸୭஁

96,761 26,644 35,749 34,369 ୬஀୭୿ஂ

0 0 0 0 ୴୭୬ୱ୸ ୱ୶୫

  ୩ୱ୾୿ஂ ୵୭୳ୱ୹

741,836 204,269 274,074 263,494 ୳�୬୹

஁୿୭୩୶ ୵୭୳୹ ୳"୬୹  ஁୿୭୩୶ ୵୭୳୹
3 ୬୸஁୴

 ஁୿୭୩୶ ୵୭୳୹
2 ୬୸஁୴

 ஁୿୭୩୶ ୵୭୳୹
1 ୬୸஁୴

୬୾୭୩୿

522,600 136,800 197,500 188,300 Dr Guy Yehuda Ben Hamu

122,475 40,825 40,825 40,825 Prof Amir Eliezer

୬஀୭୿ஂ ୨୴୴ ୵ୱ୸஁ ୱ୼୴ ୩ୱ୾୿ஂ ୵୭୳ୱ୹

645,075 177,625 238,325 229,125 ୳�୬୹

  ୬୾୭୩୿ ୱ୼୴ ୩ୱ୾୿ஂ ୵୭୳ୱ୹
 ୳"୬୹

  ୬஀୭୿ஂ
୴୭୬ୱ୸୭

 ୱ୶୫
୴୭୬ୱ୸

୬஀୭୿ஂ  ୳"୬୹
ஂ୭୸୭஁

 ୳"୬୹
୴ୱ୮୨ ୫୭ୱ୾

 ୳"୬୹
 ୵ୱ୩஁୯୶

ୱ୫୭୺ୱୱ

 ୳"୬୹
୵ୱ୩஁୯୶

 ୳"୬୹
 ୫୭ୱ୾
ୱ୫୭୺ୱ

 ୳"୬୹
୫୭ୱ୾

 ୳"୬୹
஀୳஁

 ୬୾୭୩୿

600,990 0 78,390 63,000 90,000 369,600 Dr Guy 
Yehuda 
Ben 
Hamu

140,846 0 18,371 60,000 62,475 Prof Amir 
Eliezer

741,836 0 96,761 63,000 150,000 0 0 0 0 432,075 ୳�୬୹

�୩ୱ୾୿ஂ�୳�୬୹
�஁୿୭୩୶

741,836�୺୩୰୶ILS

୩ୱ୾୿ஂ�୵୭୳ୱ୹
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୵ୱ୼୹୭୸�ஂ୭஀୭୿୶

 ୵୭ୱ୹ .ஂ
୷୭୶ୱ୶୬ ஂ୴୩୿

 ஂ୴୩୿ .ஂ
୷୭୶ୱ୶୬

஀୭୨ୱஂ ୱஂ୴஁୶୶ ୺୩୰୶  ୵୭୳୹ ୷୭୶ୱ୶ ஀୭୿୶ ୱ஁୨஀ ஀୿୭୯

୺୾୭୶୬ ஀୿୯୶୴ ୭୴୩୿ஂ୸஁ ஂ୭஀୯୨ ஂ୭୳ୱ୶ஂ୭ ୵ୱ୿୸୺୶

 ୷୳ :୵ୱ୼୹୭୸ ୷୭୶ୱ୶ ஂ୭஀୭୿୶ ୱ୴ ୷ୱ୨

 ஂ୭஀୯୨ ஂ୭୸஀୿୴ ୷୭୶ୱ୶୴ ୬஁୪୭୬ ୨୴୭ ஂୱ஀୭୿୶ ୬୸ୱ୬ ୭୮ ஀୿୯୶ ஂ୺୾୬ ୱ୳ ஀ୱ୬୾୶ ୱ୸୨
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RESEARCH PRE-PROPOSAL 

 

Title: _ Development of Magnesium anode for Mg-Air Battery _ 

Project coordinator: Dr. Guy Ben Hamu 

 

1. Abstract  

In an era of sustainable development and innovation ecosystem, a high-energy-density is one of the critical requirements 

for developing new energy storage, including battery technology. Research to date confirms that, Metal-Air Batteries 

(MABs) have an exceptionally high energy density, durability, and specific power compared to conventional batteries. In 

addition, they are environmentally friendly, low-cost, and lightweight. The Mg-air battery is one of the most attractive 

battery systems and presents high theoretical voltage and energy density. Mg has physical and electrochemical properties, 

is inexpensive, and is an attractive candidate for MABs applications. Despite many advantages of Mg alloys, there is a 

scientific/technological gap in using Mg alloys as an anode for MAB. The two main issues for Mg anod are the fast self-

corrosion in an aqueous electrolyte and low anodic and cathodic kinetics along with few side reactions. One of the main 

reasons for those problems is the small variety of Mg alloys available today and the development that did not focus on 

applicability for MAB. Only applied research that will lead to a dedicated Mg alloy development could reduce the current 

application gap. This study will develop several low-cost Mg alloys and the relationship between alloying elements, process, 

and the Mg anode's discharge behavior will be studied. In addition, at the end of the development process, a prototype will 

be assembled for a Mg-Air battery taking into account the applicability of the battery in the near future and emphasizing 

applications in EVs. 

2. Scientific background and state of the art  

The uncertain prospect of further improvements in current battery technologies such as Li-ion batteries (LIBs) has given 

opportunities for MABs to expand into the Electric Vehicle (EV) and stationary power markets. For pure EVs, batteries 

need to achieve a practical, specific energy density of 1700 Wh/kg, which is the usable specific energy density of gasoline 

(theoretical specific energy density of the fuel is 13 kWh/kg, the energy conversion efficiency of the tank-to wheel of the fleet 

is only 12.6%), and a volumetric energy density of 417 Wh/L to achieve a driving range of 500 miles (125 kWh capacity is 

required for a maximum 300 L battery). However, current batteries such as LIBs based on intercalation chemistry can only 

provide a capacity of ~200 Wh/kg, and it is generally believed that further improvements to LIB technology can only 

increase energy densities by up to 30% and may reach 400 Wh/kg in the future. As a result, researchers are exploring other 

practical high energy density alternatives that cost less than $100/kWh for EVs. Here, the theoretical energy densities of 

MABs are much higher than those of LIBs and therefore are often advocated as a promising solution for next generation 

electrochemical energy storage systems in EV or grid energy storage applications if high utilization efficiency, capacity and 

rate performance can be realized. Despite this, MABs remain in initial research stages due to associated challenges involving 

metal anodes, air cathodes and electrolytes, and their potential has yet far from been fully identified. And different from 

other batteries, MABs can combine the design capabilities of conventional batteries with the design capabilities of fuel cells. 

In addition, MABs possess larger theoretical energy densities (~3–30 times) than LIBs in which only the active component 

of the anode is stored and the reactant (O2) from the air cathode during discharge is extracted from air through a reduction 

reaction, meaning that the main weight factor dominating the specific energy density of MABs is the anode metal. As a 

result, MABs are considered to be promising candidates for large-scale energy storage applications such as in EVs. 

Phynergy (Israel) developed a mass-producible Al-air battery that can significantly extend the range of current EVs before 

recharge. Companies such as Eos Energy Storage (NYC, USA), Fluidic Energy (Scottsdale Arizona, USA) and Powair 

(Europe) are also involved in the testing of Zn-air batteries in grid energy storage systems in pilot plants and Tesla Motors 
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has filed eight patent applications involving the use of MAB packs (Zn, Al, Fe, Mg, Li or V) as range extenders for traditional 

LIB packs. In 2009, IBM further launched the “Battery500”program with the aim of developing Li-air batteries with an 

ambitious target of 500 miles (800 km) driving range. Mg-air batteries are also being actively developed to power EVs. 

Magnesium is the fifth most abundant element in the earth's crust with a content of 3% and the only metal produced in 

Israel. As a result, widely available and inexpensive Mg (about 5% of Li metal costs) is an attractive candidate anode 

material for MAB applications. Mg possesses high reaction activities and is non-toxic, biocompatible and environmentally 

friendly. In addition, the use of Mg encounters significantly less safety and processing issues as compared with Li if 

exposed to air. Furthermore, Mg has a large negative standard electrode potential (2.37 V vs. NHE), and the theoretical 

specific energy density for the reaction between Mg and O2 (6.80 kWh/kg). Mg also possesses a specific capacity of 2205 

Ah/kg, making it almost twice superior to Li in volumetric capacity (3833 Ah/L vs. 2062 Ah/L). This can impart Mg-air 

batteries a huge advantage in applications, especially for limited installation space such as mobile devices and EVs. Under 

this background, Mg-air batteries using neutral aqueous electrolytes such as NaCl solutions, which are non-aggressive, 

safe, environmentally friendly and exempt from the current issues bedeviling both alkaline and acidic electrolytes, deserve 

researchers' interest. Research to date confirms that the high theoretical cell voltage (2.77 V) is far beyond practical 

values which are typically below 1.2 V in conventional saline aqueous electrolytes. This can be ascribed to high levels of 

anodic and cathodic polarization and low Coulombic efficiencies during discharge, resulting mainly from the parasitic 

corrosion of Mg and the sluggish kinetics of cathodic oxygen reduction reaction (ORR). And because Mg+2 is stable under 

a pH below 11 while Mg(OH)2 is stable under a pH above Mg can spontaneously convert to Mg ions in both neutral and 

acidic aqueous environments and these generated Mg ions can further react with water through electrochemical 

mechanisms to generate magnesium hydroxide and hydrogen. Specifically, Mg can spontaneously react with water as a 

parasitic reaction to form interfacial Mg(OH)2 film on electrodes as well as hydrogen. This interfacial Mg(OH)2 film can 

subsequently block electronic and ionic conduction and terminate the discharge process of corresponding batteries due to 

high interfacial impedance. 

3. Research objectives and specific aims  

The electrochemical behavior of Mg alloys depends on the alloying elements, grain size, distribution on second phases, and 

process history. Up to data, no Mg alloys have been developed for anodes in MABs. Therefore, there is a gap in the 

applicability of Mg alloys to the anode uses in a MEBs. 

The proposal aims are two stages: Develop high-performance Mg based anodes for MABs application with consideration 

of alloying elements and manufacturing process (i.e casting, extrusion, and porous structure). Along with developing new 

MABs based on Mg anode with discharge properties meeting the requirements of the EVs industry. 

4. A short description of the proposed research  

This research proposed to focus on two stages to answer the proposal aims:  

In the first stage will be a fundamental understanding of the development of high-performance Mg-based anodes for MABs 

application: effective alloying elements design strategies and their influence on electrode reactions and side reactions. A 

minimum of 4 alloys will be developed; the alloys will be produced by three different methods: casting, plastic deformation, 

and powder metallurgy. Each process will affect the microstructure- performance relation. The relation between process 

method, alloying elements, and discharge performance will be studied by electrochemical tests (open circuit potential, 

electrochemical impedance spectra and potentiodynamic polarization). The discharge behavior will be recorded using a 

self-designed Mg- air battery tests system. The microstructural changes will study by optical and electronic microscopy. At 

the end of the first stage, selecting one alloy with the best performance will be done.  

The second stage will focus on the development of MABs based on selected Mg anode (from the first stage) with discharge 

properties meeting the requirements of the EVs industry. At the end of this stage, a prototype of Mg-air buttery will be 

presented, along with recommendations for mass production of the battery system. 
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5. Significance, innovation and potential benefits of the proposed research  

Environmental issues have become a challenge for humans, which urges green and sustainable energy sources. Recent 

decades have witnessed delightful developments in clean energy approaches such as solar and wind. However, these energy 

sources usually require large immovable equipment and are not available as portable power sources. Metal-air batteries 

have attracted increasing attention due to their attractive features. The Mg-air battery is one of the most attractive battery 

systems. The Mg-air battery can serve as a standby emergency energy supplier for schools, hospitals, etc., and can power 

military equipment as well as EVs. The Mg-air battery also provides energy for out-door adventure and emergency rescue 

due to its simple structure. New applications of the Mg-air primary battery include powering transient implantable devices 

and electronic contact lenses. These developments indicate a promising future for this battery system. Despite many studies 

done in recent years on the subject, no comprehensive study has been conducted that includes the development of a unique 

Mg alloy for use as an anode in the MABs and consideration the industrial feasibility for future use of future use Mg-Air 

battery system for EVs. 

6. Applicability  

The results obtained from this study could, in the near future, yield the production capability of a commercial Mg-Air 

battery system based on new high-performance Mg-based anodes. As stated in the aims, at the end of the study, a prototype 

for the developed Mg-Air battery will be presented, along with recommendations for commercial production under the 

industrial requirement (for various applications – from personal mobile to EVs) 
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RESEARCH PROPOSAL 

 

Title: _ Development of Magnesium anode for Mg-Air Battery _ 

Project coordinator: _ Dr. Guy Ben Hamu _ 

 

1. Abstract  

In an era of sustainable development and innovation ecosystem, a high energy density is one of the critical requirements for 

developing new energy storage, including battery technology. Research confirms that Metal-Air Batteries (MABs) have an 

exceptionally high energy density, durability, and specific power compared to conventional batteries. In addition, they are 

environmentally friendly, low-cost, and lightweight. The Mg-air battery is one of the most attractive battery systems and 

presents high theoretical voltage and energy density. Mg has physical and electrochemical properties, is inexpensive, and is 

an attractive candidate for MABs applications. Despite many advantages of Mg alloys, there is a scientific/technological gap 

in using Mg alloys as an anode for MAB. The two main issues for Mg anode are the fast self-corrosion in an aqueous 

electrolyte, low anodic and cathodic kinetics, and few side reactions. One of the main reasons for those problems is the small 

variety of Mg alloys available today and the development that did not focus on applicability for MAB. Only applied research 

that will lead to a dedicated Mg alloy development could reduce the current application gap. This study will develop several 

low-cost Mg alloys, and the relationship between alloying elements, process, and the Mg anode's discharge behavior will be 

studied. In addition, at the end of the development process, a prototype will be assembled for an Mg-Air battery taking into 

account the applicability of the battery in the near future and emphasizing applications in EVs. 

2. Scientific background and state of the art  

The uncertain prospect of further improvements in current battery technologies such as Li-ion batteries (LIBs) has given 

opportunities for metal-air batteries to expand into the electric vehicle and stationary power markets. For pure EVs, batteries 

need to achieve a practical, specific energy density of 1700 Wh/kg, which is the usable specific energy density of gasoline 

(theoretical specific energy density of the fuel is 13 kWh/kg, the energy conversion efficiency of tank-to wheel of fleet is only 

12.6%), and a volumetric energy density of 417 Wh/L to achieve a driving range of 500 miles (125 kWh capacity is required 

for a maximum 300 L battery). However, current batteries such as LIBs based on intercalation chemistry can only provide a 

capacity of ~200 Wh/kg, and it is generally believed that further improvements to LIB technology can only increase energy 

densities by up to 30% and may reach 400 Wh/kg in the future. As a result, researchers are exploring other practical high 

energy density alternatives that cost less than $100/kWh for EVs. Here, the theoretical energy densities of MABs are much 

higher than those of LIBs and therefore are often advocated as a promising solution for next generation electrochemical energy 

storage systems in EV or grid energy storage applications if high utilization efficiency, capacity and rate performance can be 

realized. Despite this, MABs remain in initial research stages due to associated challenges involving metal anodes, air cathodes 

and electrolytes, and their potential has yet far from been fully identified. In general, MABs are open electrochemical systems 

that use metal anodes (Li, Na, Mg, Fe, Zn, Al, etc.), ambient air open cathodes and electrolytes (aqueous or non-aqueous 

electrolyte depending on the nature of the anode employed). And different from other batteries, MABs can combine the design 

capabilities of conventional batteries with the design capabilities of fuel cells. In addition, MABs possess larger theoretical 

energy densities (~3–30 times) than LIBs in which only the active component of the anode (metal) is stored and the reactant 

(O2) from the air cathode during discharge is extracted from air through a reduction reaction, meaning that the main weight 

factor dominating the specific energy density of MABs is the anode metal. As a result, MABs are considered to be promising 

candidates for large-scale energy storage applications such as in EVs. Phynergy (Israel) developed a mass-producible Al-air 

battery that can significantly extend the range of current EVs before recharge. Companies such as Eos Energy Storage (NYC, 

USA), Fluidic Energy (Scottsdale Arizona, USA) and Powair (Europe) are also involved in the testing of Zn-air batteries in 
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grid energy storage systems in pilot plants and Tesla Motors has filed eight patent applications involving the use of MAB packs 

(Zn, Al, Fe, Mg, Li or V) as range extenders for traditional LIB packs. In 2009, IBM further launched the 

“Battery500”program with the aim of developing Li-air batteries with an ambitious target of 500 miles (800 km) driving range. 

Mg-air batteries are also being actively developed to power EVs [1-4]. 

Magnesium is the fifth most abundant element in the earth’s crust with a content of 3%, as well as the only metal produced in 

Israel. As a result, widely available and inexpensive Mg (about 5% of Li metal costs) is an attractive candidate anode material 

for MAB applications. And despite being less well-known than Zn-air batteries, Mg possesses high reaction activities and is 

non-toxic, biocompatible and environmentally friendly. In addition, the use of Mg encounters significantly less safety and 

processing issues as compared with Li if exposed to air. Furthermore, Mg has a large negative standard electrode potential 

(2.37 V vs. NHE), and the theoretical specific energy density for the reaction between Mg and O2 (6.80 kWh/kg) ranks second 

among all MABs, far exceeding that of Zn-air batteries. Mg also possesses a specific capacity of 2205 Ah/kg, making it almost 

twice superior to Li in volumetric capacity (3833 Ah/L vs. 2062 Ah/L). This can impart Mg-air batteries a huge advantage in 

applications, especially for cases with limited in installation space such as mobile devices and EVs. Currently, Mg-air batteries 

have mainly been used in small, lightweight consumer-friendly portable power systems up to 100 W, although power is 

generally limited up to 5 kW, with important markets including small-sized devices such as emergency lanterns and emergency 

power backup systems for hospitals and schools as well as subsea instruments such as lighthouses, monitoring equipment and 

buoys. Under this background, Mg-air batteries using neutral aqueous electrolytes such as NaCl solutions, which are non-

aggressive, safe, environmentally friendly and exempt from the current issues bedeviling both alkaline and acidic electrolytes, 

deserve researchers’ interest. Furthermore, with the rapid growth of EVs and grid-scale energy storage systems, significant 

opportunities have arisen for primary Mg-air batteries, and have highlighted the importance of realizing in practice high rates 

and capacities in neutral electrolytes [1-2]. Primary Mg-air battery systems involve the electrochemical coupling of Mg anodes 

to air diffusion cathodes through suitable electrolytes to provide high-performance batteries with inexhaustible cathode 

reactants from atmospheric oxygen. During discharge, the Mg anode is oxidized to generate Mg+2 and two electrons whereas 

atmospheric oxygen reacts with water through the air diffusion cathode and is reduced to generate OH– through 

electrochemical reactions, resulting in the outflow of electrons via an external circuit. The high theoretical cell voltage (2.77 

V) is far beyond practical values which are normally below 1.2 V in conventional saline aqueous electrolytes. This can be 

ascribed to high levels of anodic and cathodic polarization and low Coulombic efficiencies during discharge, resulting mainly 

from the parasitic corrosion of Mg and the sluggish kinetics of cathodic oxygen reduction reaction (ORR). And because Mg+2 

is stable under a pH below 11 while Mg(OH)2 is stable under a pH above Mg can spontaneously convert to Mg ions in both 

neutral and acidic aqueous environments and these generated Mg ions can further react with water through electrochemical 

mechanisms to generate magnesium hydroxide and hydrogen. Specifically, Mg can spontaneously react with water as a 

parasitic reaction to form interfacial Mg(OH)2 film on electrodes as well as hydrogen. This interfacial Mg(OH)2 film can 

subsequently block electronic and ionic conduction and terminate the discharge process of corresponding batteries due to high 

interfacial impedance [4]. 

The Mg-air battery produces electricity through an electrochemical reaction in an aqueous electrolyte of the Mg alloy and 

the oxygen in the air. Mg-based anodes suffer from self-corrosion due to the anodic hydrogen reaction, also known as the 

Negative Difference Effect. The chemical step produces no electrons for the Mg-air battery, leading to poor anodic efficiency 

and poor discharge capacity. The chunk effect, the wasteful spalling of the metallic Mg chunks from the Mg anode during 

the discharge, is another self-corrosion mechanism that can significantly contribute to the loss in the utilization efficiency of 

Mg anode [5].  

Three main approaches are usually adopted to cope with such practical limitations, namely anode material modification [6-

26], anode material processing [27-40] and electrolyte chemistry modification [41-52]. The anode material modification via 

alloying of a wide range of elements and their combinations to the Mg anode has been extensively investigated in recent 
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years. Moreover, production processes, such as heat treatment and mechanical-deformation-based methods, have been 

utilized to investigate the effect of microstructural characteristics of different Mg anodes on their discharge performance. 

Improvement in the delivered voltage by any anode modification approach has usually been attributed to the easier 

detachment of the corrosion products during the discharge, which prevents the accumulative fouling of the Mg anode 

surface. Such characteristics are claimed to be induced by different microstructural features such as small and uniformly 

distributed second phases, long-period stacking order and the presence of twins. On the other hand, the reduction in the self-

corrosion rate of the Mg anode during the discharge via anode modification approach has commonly been deduced from the 

lower corrosion rate of the developed Mg anode at open circuit potential (OCP), overlooking the polarization-dependent 

NDE. The extent of the chunk effect also strongly depends on the microstructure of the Mg anode, which, in turn, stems 

from the uneven dissolution of the Mg anode, especially along the grain boundaries and the secondary phases. 

Despite many studies done on this topic, no scientific breakthrough has yet been reported for understanding and controlling 

the phenomenon. All this is due to the fact that the process of selecting the alloying elements together with the production 

method was not directly adapted to battery development but as part of a comprehensive study of the corrosion of 

magnesium alloys.  

Although the auspicious results reported the significant effect of the electrolyte chemistry modification on the discharge 

performance of the primary Mg-air battery, relatively limited studies have explored this approach so far. An intuitive way of 

improving the utilization efficiency of the Mg-air battery via electrolyte modification is to add chemicals to the electrolyte 

with the already known corrosion inhibitive effect for the Mg anode.  

The few recently published works based on the same approach of activating the Mg anode have introduced more effective 

complexing agents. They investigated different involved parameters, such as applied current density, the concentration of 

complexing agents, as well as combination of complexing agents with other electrolyte additives. Using the complexing 

agents and their mixtures as the electrolyte additive for primary Mg-air batteries is indeed revolutionary in terms of 

achieving the theoretical capacity and voltage of the batteries. However, the understanding of the enhancement mechanism, 

which may differ for different complexing agents, is at its nascent stage. However, most of the research work on this topic 

has been researched on Mg alloys that are not suitable for Mg-Air batteries applications. 

Aside from anodic corrosion, the low Coulombic efficiency of Mg-air batteries is also caused by the slow kinetics of ORR. As 

a complex process in Mg-air batteries, ORR involves the diffusion of atmospheric oxygen to catalyst surface, the absorption 

of oxygen on catalyst surface, the transfer of electrons from anode to oxygen molecules, the breakage of oxygen bonds, and 

the removal of products from catalyst surface to electrolyte. Here, the reaction mechanism depends on pH environments, 

and to facilitate ORR, protons or hydroxyls are necessary (i.e. an acidic or alkaline environments). And neutral media (pH = 

7) has been reported to have negative influence on ORR kinetics under high overpotentials due to lower proton and hydroxyl 

concentrations (10–7 mol/L) [4]. 

To date, no studies have been conducted that take into account the full perspective of the development Mg-Air batteries:    

from a selection of alloying elements along with the production processes method, anode geometry (solid or porous), and 

electrolyte chemistry modification with a view to the application. 

3. Research objectives and specific aims  

The electrochemical behavior of Mg alloys depends on the alloying elements, grain size, distribution on second phases, and 

process history. Up to data, no Mg alloys have been developed for anodes in MABs. Therefore, there is a gap in the applicability 

of Mg alloys to the anode uses in a MEBs. 

The proposal aims are two stages: Develop high-performance Mg based anodes for MABs application with consideration of 

alloying elements and manufacturing process (i.e casting, extrusion, and porous structure). Along with developing new 

MABs based on Mg anode with discharge properties meeting the requirements of the EVs industry. 

4. Detailed description of the proposed research  
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This research proposed to focus on two stages to answer the proposal aims:  

In the first stage will be a fundamental understanding of the development of high-performance Mg-based anodes for MABs 

application: effective alloying elements design strategies and their influence on electrode reactions and side reactions. A 

minimum of 4 alloys will be developed; the alloys will be produced by three different methods: casting, plastic deformation, 

and powder metallurgy. Each process will affect the microstructure- performance relation. The relation between process 

method, alloying elements, and discharge performance will be studied by electrochemical tests (open circuit potential, 

electrochemical impedance spectra and potentiodynamic polarization). The discharge behavior will be recorded using a self-

designed Mg- air battery tests system. The microstructural changes will study by optical and electronic microscopy. At the 

end of the first stage, selecting one alloy with the best performance will be done.  

The second stage will focus on the development of MABs based on selected Mg anode (from the first stage) with discharge 

properties meeting the requirements of the EVs industry. At the end of this stage, a prototype of Mg-air battery will be 

presented, along with recommendations for mass production of the battery system. 

5. Significance, innovation and potential benefits of the proposed research  

Environmental issues have become a challenge for humans, which urges green and sustainable energy sources. Recent 

decades have witnessed delightful developments in clean energy approaches such as solar and wind. However, these energy 

sources usually require large immovable equipment and are not available as portable power sources. Metal-air batteries 

have attracted increasing attention due to their attractive features. The Mg-air battery is one of the most attractive battery 

systems. The Mg-air battery can serve as a standby emergency energy supplier for schools, hospitals, etc., and can power 

military equipment as well as EVs. The Mg-air battery also provides energy for out-door adventure and emergency rescue 

due to its simple structure. New applications of the Mg-air primary battery include powering transient implantable devices 

and electronic contact lenses. These developments indicate a promising future for this battery system. Despite many studies 

done in recent years on the subject, no comprehensive study has been conducted that includes the development of a unique 

Mg alloy for use as an anode in the MABs and consideration the industrial feasibility for future use of future use Mg-Air 

battery system for EVs. 

6. Applicability  

The results obtained from this study could, in the near future, yield the production capability of a commercial Mg-Air 

battery system based on new high-performance Mg-based anodes. As stated in the aims, at the end of the study, a prototype 

for the developed Mg-Air battery will be presented, along with recommendations for commercial production under the 

industrial requirement (for various applications – from personal mobile to EVs) 

7. Work plan and Gantt 

 

# Task 1-3 4-6 7-9 10-12 13-15 16-18 19-21 21-24 25-30 31-36 

1 Preparation of raw material:  

new Mg alloys (alloying with 

different elements) 

 

X 

         

2 Production the Mg anodes: 

Three different processes (casting, 

extrusion and porous structure) 

 

X 

 

X 

 

X 

       

3 Characterization the 

microstructure of the Mg-anodes: 

Optical and electronic microscopy, 

XRD. 

  

X 

 

X 

 

X 

      

4 Characterization of the 

electrochemical behavior of the 

Mg-anodes:  

Electrochemical test – AC and DC 

polarization, hydrogen evaluation 

test, surface morphologies  

  

X 

 

X 

 

X 

 

X 
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5 Characterization the discharge 

performance of  Mg-anodes 

   X X X     

6 Selecting the optimal performing 

alloy for the required application 

      X    

7 Design and manufacturing of one 

battery cell: Cathode selection, 

anode geometry, solution volume 

and distance between battery 

components 

       

X 

 

X 

  

8 Effect of electrolyte additives on 

anode response and battery 

performance 

         

X 

 

9 Design manufacturing and 

optimization of Mg-Air battery 

prototype – stack cells battery 

          

X 
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