
 

LIST OF FIGURES 

 

FIGURE                                                             PAGE 

 1  Cell polarizations as a function of operating current………………………. 7 
 2  Electrochemical operation of a cell (discharge)……………………………….. 12 
 3  Optical microscopy (a) and SEM (b-c) images of Cu–16%Zn–6.5% 
      Al alloy after annealing at 850◦C for 3 h and quenched  
      at 100◦C and subsequently at 0◦C into water. Alloy  
      structurerevealed after etching with an alcoholic ferric 
      chloride solution. XRD pattern of quenched  
      Cu–16%Zn–6.5%Al alloy evidencing the martensitic 
      structure………………………………………………………………………………………. 14 
 4  Peak current densities versus scan rate and peak potentials  
     versus scan rate………………………………………………………………………….. 15 
 5  XRD pattern of the AZ91D magnesium alloy treated in the 
     Zn2+/Al3+ solutionat applied potential of −1.7 V……………………... 16 
 6  Nyquist plots of the electrochemical impedance response (a), 
     and Bode plots of |Z|vs. frequency (b) of uncoated and  
     Zn-Al LDHs coated AZ91D alloy in 3.5 wt.% NaClsolution……. 16 
 7  Polarization curves at a scan rate of v = 1 mV s-1 and 25 C  
     in a 4 mol KOH solution for Al2000 Clad, Al2000 and Al7000  
     anodes and NiOOH and air cathodes……………………………………….. 17 
 8  Batteries for electricdrive vehicles……………………………………………………… 18 
 9  Model of the one-dimension single-cell Zn–air battery…………………… 19 
 10  Potentio-dynamic polarization curves of prepared   
     specimens…………………………………………………………………………………… 19 
      

บัณ
ฑิต
วทิ
ยาล
ยั ม
หา
วทิ
ยาล
ัยร
าช
ภัฏ
สก
ลน
คร



 

LIST OF FIGURES (Continue) 

 

FIGURE                                                             PAGE 

 11  EIS spectra for prepared Zn–Al–Mg alloys in 3.5 wt.% NaCl  
     solution: (a) Nyquist diagrams; (b) Bode phase diagrams……… 20 
 12  Potentiodynamic polarization curves of 7A09-T6 alloyimmersed  
      in 3.5% NaCl solution as function of immersion time…………… 21 
 13  Evolution of electrochemical parameters: (a) Opencircuit  
     potential (OCP); (b) Low frequency capacitance;  
     (c) Rctand Rf values for 7A09-T6 alloy samples in 3.5% 
     NaCl solutionas function of immersion Time…………………………. 21 
 14  Schematic of the setup used for electrophosphating treatment.….. 22 
 15  SEM micrograph of Zn–Ni electrophosphate coating obtained  
     by the cathodic electrochemical method at different  
     current densities A) 5, B) 15, C) 25, D) 35 mA/cm2………………… 23  
 16  Potentiodynamic polarization behavior of No.1 ~ No.9  
     Experimental Alloys…………………………………………………………………... 24 
 17  Galvanostatic discharge behavior of No.1~ No.9 experimental 
     alloys.(a) Galvanostatic discharge behavior at 150 mA•cm-2,  
     (b) galvanostatic discharge behavior at 350 mA•cm-2…………….. 24 
 18  X-ray diffraction (XRD) patterns of Mg-Li-Al-Ce-Y (a) and  
      Mg-Li-Al-Ce-Y- Zn (b) alloys………………………………………………………. 25 
 19  Galvanostatic potential-time curves of pure magnesium, AZ31,  
      Mg-Li-Al-Ce-Y, and Mg-Li-Al-Ce-Y-Zn alloys in 3.5 wt.% NaCl  
      solution at 10 mA•cm−2 (a) and180 mA•cm−2 (b)…………………….. 25 
 
 
 
 

บัณ
ฑิต
วทิ
ยาล
ยั ม
หา
วทิ
ยาล
ัยร
าช
ภัฏ
สก
ลน
คร



 

LIST OF FIGURES (Continue) 

 

FIGURE                                                          PAGE 

 20  Electrochemical impedance spectra (EIS) of pure magnesium,  
     AZ31, Mg-Li-Al-Ce-Y, and Mg-Li-Al-Ce-Y-Zn alloys in 3.5 wt.%  
     NaCl solution: (a) Nyquist plots, (b) Bode plots of  
     impedance modulus vs. frequency, and (d) Bode plots of  
     phase (c) anglevs. Frequency………………………………………………….. 26 
 21  Galvanodynamic polarization curves of the anode (1) and the  
      Cathode (2), current-voltage curve (3), and power curve 
      (4) of AA cell with 8 mol NaOH þ 0.015 M Na2SnO3 • 3H2O  
      at 60 C………………................................................................................ 30 
 22  Schematic (a) and photograph (b) of AA ECG………………………..……....... 27 
 23  Potentiodynamic polarization plots for the corrosionof  
     Mg–Al–Zn–Mn alloy in 30% aqueous ethylene  
     glycolcontaining different concentrations of the  
     chloride ions at 50 ◦C……………………………………………………………….. 28 
 24  SEM images of anode electrodes after 60 min immersion test  
     in 4 mol NaOH; (a) 4N Al anode, (b) Al-Zn anode,  
     (c) Al-Zn-In anode………………………………………………………………………. 30 
 25  I-V and I-P curves of three anodes for the full-cell in 4M NaOH;          
      (a) 4N Al, (b) Al-Zn, (c) Al-Zn-In…………………………………………………. 30 
 26  Discharge behavior of anodes at different discharge voltages;  
     (a) 1.2 V, (b) 1.0 V, (c) 0.8 V……………………………………………………….. 31 
 27  SEM images of investigated alloys: (a) AZ63 alloy; (b) details of  
     the microstructure framed in (a); (c) AZI alloy; and  
     (d) AZIT alloy and its partial enlargement………………………………. 32 
 
 

บัณ
ฑิต
วทิ
ยาล
ยั ม
หา
วทิ
ยาล
ัยร
าช
ภัฏ
สก
ลน
คร



 

LIST OF FIGURES (Continue) 

 

FIGURE                                                        PAGE 

 28  Performance of Mg-CuCl seawater-activated cell with AZ63, 
     AZI and AZIT anodes in 3.5 wt.%NaCl at ambient  
     temperature: Plots of current density vs. cell voltage (a) 
     and plots of current density vs. power density (b)…….............. 32 
 29  Cyclic voltammograms in deaerated boric acid buffer (pH 6.5)  
     and boratebuffer (pH 8.4). a) Boric acid buffer cycle 1, 
     b) boric acid buffer cycle 3, c) boratebuffer cycle 3.  
     Scan rate 10 mV/s. Samples were held at1.4 VMMSE  
     for 10 min priorto initial scan…………………………………………………… 34 
 30  Measured potential plotted against applied current during anodic  
     dissolution stage of AESEC measurements in artificial  
     perspiration………………………………………………………………………………… 34 
 31  SEM images of the microstructure of nanoporous Ag-Cu derived  
     from dealloyed Mg65Ag12.5Cu12.5Y10 metallic glass in 0.04 mol 
     H2SO4 aqueous solution for differentimmersion times:  
     (a) 5 min; (b) 10 min; (c) 30 min; (d) 50 min;  
     (e) 60 min; (f) 70 min; (g) 80 min; (h) 90 min…………………………… 35 
 32  Reaction interface between the corrosion layer and the metallic  
     glass matrix after dealloying Mg65Ag12.5Cu12.5Y10 glassy 
     precursor for 5 min: (a) cross-section SEMimage and  
     (b) linear composition profile across the reaction interface.    
     Influence of immersion time (t) on the thicknesses (T) of  
     the nanoporous Ag-Cu layer and the glassymatrix  
     in free-corrosion conditions: plots on (c) normal scale and  
     (d) logarithmic scale for measurement of the growth  
     exponent (n) The standard deviation of the measured 
     thickness is provided as the error bar in the plot…………………… 36 

บัณ
ฑิต
วทิ
ยาล
ยั ม
หา
วทิ
ยาล
ัยร
าช
ภัฏ
สก
ลน
คร



 

LIST OF FIGURES (Continued) 

 

FIGURE       PAGE 

 33  Vacuum heated pressing furnace……………………………………………………….. 38 
 34  Isomet Low Speed Saw……………………………………………………………………….. 39 
 35  Grinder-Polisher…………………………………………………………………………………… 39 
 36  The parallel reflecting planes of crystal lattice, path difference  
     of two reflected wave (red lines)…………………………………………….. 41 
 37  X-Ray Diffractometer…………………………………………………………………………… 42 
 38  Picotest multimeter…………………………………………………………………………….. 43 
 39  Hardness Tester…………………………………………………………………………………… 44 
 40  Density Kit…………………………………………………………………………………………….. 45 
 41  Diagram of the scanning electron microscope technique……………….. 46 
 42  Scanning Electron Microscopy……………………………………………………………. 46 
 43  Potentiostat 466………………………………………………………………………………….. 47 
 44  Cyclic Voltammetry technique (model Potentiostat 466)……………….. 48 
 45  Discharging measurement (a) measured voltage and current of Cu 
     anode/Al cathode dip in NaCl+DI water for 40 min by  
     Picotest digital multimeter (b) program setup/run logging   
     worksheet by M35XX Excel Add-In program to evaluate  
     the electrical power…………………………………………………………………… 49 
 46  Al-Zn alloy cathode and Cu anode……………………………………………………. 50 
 47  X-ray diffraction patterns of Cu anode…………………………………………....... 51 
 48  X-ray diffraction patterns of Al cathode…………………………………………….. 52 
 49  X-ray diffraction patterns of Al and alloy Al-Zn (1-5 wt%)………………. 53 
 50  The resistance of pure Cu, Al and alloy of Al-Zn (1-5 wt%)……………. 54 
 51  The microhardness of pure Cu, Al and alloy of Al-Zn (1-5 wt%)……. 55 
 52  The density of pure Cu, Al and alloy of Al-Zn (1-5 wt%)………………… 56 
 53  The SEM images of pure Cu, Al and alloy of Al-Zn (1-5 wt%) 
     before dip in NaCl+ DI water solution……………………………………… 57 
 54  The SEM images of pure Cu, Al and alloy of Al-Zn (1-5 wt%) 
     after dip in NaCl+ DI water solution…………………………………………. 58 

บัณ
ฑิต
วทิ
ยาล
ยั ม
หา
วทิ
ยาล
ัยร
าช
ภัฏ
สก
ลน
คร



 

LIST OF FIGURES (Continue) 

 

FIGURE                                                          PAGE 

 55  Volammatric behavior of Cathode Al+Zn and anode Cu  
     for 100 Cyclic Voltammetry technique……………………………………. 58 
 56  Relationship time with electric potential after dip Cathode Al, 
     Al-Zn and anode Cu in aqueous NaCl…………………………………….. 61 
 57  Relationship time with electric current after dip Cathode Al, Al-Zn  
     and anode Cu in aqueous NaCl……………………………………………….. 62 
 58  Relationship time with electric power after dip Cathode Al-Zn and 
     anode Cu in aqueous NaCl……………………………………………………….. 63 
 59  Electrochemical battery fabricated 4 cells………………………………………… 64 
 60  Electrochemical battery fabricated 4 cells and applied turn on  
     a LED lamp…………………………………………………………………………………. 64 
 61  Discharging of electrochemical cell……………………………………………………. 65 

บัณ
ฑิต
วทิ
ยาล
ยั ม
หา
วทิ
ยาล
ัยร
าช
ภัฏ
สก
ลน
คร




