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In this present work, the importance of water movement through membrane electrode assembly (MEA) and relationship 
between cell performance and water movement which is affected by the anion-exchange membrane (AEM) properties were 
discussed from a systemic view by experimental and calculation approaches based on a stable KOH-free solid-state alkaline 
fuel cell (SAFC) system with pore-filling AEM (PF-AEM) assembled with ionomer electrode or all-inorganic electrode. The 
findings discovered in each chapter of this work are summarized as follows: 

In Chapter 1, the literature review of SAFC consisting the background and general issues of SAFCs were concluded to 
indicate problems related to the poor performance of MEA. To improve the cell performance of SAFC, KOH-free SAFC 
system needs to be established and the system design index should be indicated.  
   In Chapter 2, a novel KOH-free SAFC by using PF-AEM and ionomer electrode was developed with a relative stable cell 
performance. Based on this system, it has a possibility to investigate water movement in SAFC.  
   In Chapter 3, instead of ionomer electrode, an all-inorganic electrode was successfully developed for the KOH-free 
SAFC for the first time. Layered double hydroxide (LDH) and delaminated LDH as the inorganic ion conductors were 
assembled with the PF-AEM and cell performance test was operated successfully. It was indicated that the structure of the 
electrode and electron conducting resistance were the unneglectables factors to the cell performance improvement.  
   In Chapter 4, water movement through MEA was investigated and the relationship between water 
movement in the cell and cell performance was explored by using different hydrophilic/hydrophobic 
PF-AEMs. It was discovered that in a highly hydrophilic membrane, the water movement direction was from 
the anode to the cathode, which can increase the cathode relative humidity (RH) to improve the ionic 
conductivity and suppress flooding at the anode. In contrast, the result was the opposite in a hydrophobic 
membrane.  
   In Chapter 5, a model was built to clarify the reasons for the cell performance decrease of SAFC and to understand the 
effect of water movement on cell performance. It was found that cell performance can be improved under fully water 
permeation condition while it may decrease under no water permeation condition. On the other hand, anode flooding was 
also discovered as an important to the cell performance. By using high water permeability PF-AEM and careful anode RH
control, cell performances with both ionomer electrode and all-inorganic electrode were improved after ensuring water 
management at a managed condition.  

In Chapter 6, a summary of key findings in the present work was presented. This study indicates that the AEM with not 
only a high ionic conductivity and suitable durability but also high water permeability should be designed to satisfy SAFC 
applications in future. 
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