
Introduct�on

In th�s study, Amer-S�l FF60 porous membrane was chosen to be �mproved 
®

for an alternat�ve membrane for VRFB appl�cat�ons. Bes�des, Nafion 117, 
cat�on exchange membrane (CEM) and  FAP 450, an�on exchange membrane 
(AEM) was ut�l�zed to compare the results. The mod�ficat�on was appl�ed 
w�th two d�fferent proport�ons by spray�ng techn�que. Unmod�fied and 

2+mod�fied membranes were character�zed  �n terms of VO  d�ffus�on 
coeffic�ent, �on�c conduct�v�ty, water uptake and cell tests. After cell tests, 
Nafion stab�l�ty test was appl�ed for the control of Nafion's stab�l�ty on the 
membrane surface. 

A bas�c schemat�c of vanad�um redox flow battery (VRFB) cell

  Pos�t�ve s�de react�on;

2+ + +   VO  + H O + e-  ↔     VO + 2H                          E° = 1.004 V2 2

  Negat�ve s�de react�on;

3+ 2+                                                                                                                     V  + e- ↔ V E°= -0.255 V 
 
  Overall react�on;

2+ 3+  + + 2+                                     
  VO  + H O + V ↔  VO + 2H  +  V E°= 1.259 V 2 2

The transport mechan�sm �n porous (left) and non-porous (r�ght) membrane

Methods&Mater�als

The membranes were respect�vely below  such as FAP 450 (AEM), Amer-S�l 
FF60 porous membrane Nafion 117(CEM), Amer-S�l FF60 /Nafion (5,7%, 
wt) (0,5:1) and Amer-S�l FF60 /Nafion (5,7%, wt) (1:1). Amer-S�l FF60 
porous membrane's one face was coated w�th Nafion (5,7%, wt) d�spers�on 
w�th two d�fferent rat�os. Ethanol was appl�ed to carry the Nafion solut�on 
and �ts volume (ml) was not altered. 

a                                  b                               c

d                                                e

a: FAP 450, AEM Hydrophob�c Backbone:Polyether ether ketone(PEEK) Th�ckness :0,01 cm
b: Amer-S�l FF60 porous membrane Hydrophob�c Backbone:Polyv�nylchlor�de(PVC) Hydroph�l�c 
Funct�onal Group:S�l�ca (S�) Th�ckness :0,064 cm
c: Nafion 117, CEM Hydrophob�c Backbone: Polytetrafluoroethylene(PTFE) Hydroph�l�c Funct�onal 
Group: Sulfon�c ac�d (SO H) Th�ckness :0,01778 cm3

®d: Amer-S�l FF60/ Nafion  (5.7 %, wt) (0,5:1) membrane
®e: Amer-S�l FF60/ Nafion  (5.7 %, wt) (1:1) membrane

Cell test components (left) and an operat�ng cell w�th electrolyte vessels (r�ght)

                    Dr.Blade for coat�ng                                         Spray�ng equ�pment for coat�ng

Exper�mental Result

Energy D�spers�ve X-Ray Spectroscopy (EDX) was ut�l�zed for the analys�s 
of wh�ch coat�ng techn�que was more effic�ent.

    Dr.Blade, Amer-S�l FF60 /Nafion ,                          Spray�ng,  Amer-S�l FF60/Nafion , 
   F d�str�but�on, Po�nt 2, 20KV, 100X                         F d�str�but�on, Po�nt 2, 20KV, 100X

Table 1. D�fferent mod�fy�ng proport�ons of  Amer-S�l FF60 porous membrane

 Table 2. The character�zat�on values of all membranes

Cell Test Results

Coloumb�c effic�enc�es(%) of all membranes            Energy effic�enc�es (%) of all membranes

2D�scharge power dens�t�es (mW/cm ) of all membranes

Nafion Stab�l�ty Test

Cl and F d�str�but�on of Nafion (5.7 %,wt)                 Cl and F d�str�but�on of Nafion (5.7 %,wt)
d�spers�on on Amer-S�l FF60 porous                           d�spers�on on Amer-S�l FF60 porous

membrane's surface before                                            membrane's surface after 
cell test, 100X, 20 KV                                                 cell test, 100X, 20 KV

Conclus�ons
®

Ÿ W�th upon the add�t�on of Nafion  (5,7%) d�spers�on, Amer-S�l FF60 
porous membrane's relat�vely undes�red and h�gh permeab�l�ty values 
could be decreased.

Ÿ It can be evaluated that the wettab�l�ty and proton conduct�v�ty of the 
Amer-S�l FF60 decreased upon the add�t�on of PTFE, Nafion's 
character�st�c backbone.

Ÿ Cons�der�ng the hydrophob�c nature and d�fferent crystall�n�ty of d�fferent 
polymers, PEEK( FAP 450) and PTFE controlled  the membrane's swell�ng 
behav�or. W�th upon the�r d�fferent crystall�n�ty, the crytall�ne reg�on of the 
membrane would extend and probably suppress the�r water absorpt�on.

Ÿ As �t could be seen from the Nafion stab�l�ty results that Nafion d�spers�on 
could not stay on the membrane surface after the expos�on of h�ghly ac�d�c 
med�um. 

Future Work

Ÿ It can be analysed of Nafion coat�ng  econom�cally �n deta�l. 
Ÿ It can be exper�mented d�fferent mod�ficat�on methods �n order to m�n�m�ze 

the temperature effect due to the PVC's ,Amer-S�l FF60's backbone, glass 
temperature around 60° C.

Ÿ It can be character�zed  �n terms of mechan�cal test before/ after 
mod�ficat�on, pore s�ze and tortous�ty alterat�on after mod�ficat�on [4].
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Ÿ The problem was 
ma�nly the crossover 
of vanad�um 
electrolytes. 

Ÿ The a�m was to 
decrease the d�ffus�on 
of redox act�ve �ons 
wh�le ma�nta�ng the 
�on�c conduct�v�ty as 
same as poss�ble.

Ÿ It was planned to 
mod�fy the membrane 

®surface w�th Nafion  
(5,7%,wt) d�spers�on 
v�a spray�ng 
techn�que such as 
(0,5:1) and (1:1) 
rat�os.
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Coating 

amount 

Nafion® (5,7 

%, wt) (ml) 

Coating amount   

Et-OH  (ml) 

Coating ratio 

           20 40 0,5:1 

  40 40 1:1 

 

Membrane name V4+diffusion coefficient s

(cm2 /min) 

Ionic conductivit y 

(S/cm) 

Water uptake 

(%, wt) 

FAP 450 45x10-7 0,167 6,86 

Nafion 117 133,35x10-7 0,320 18,29 

Amer-Sil  FF60( porous 

membrane) 

499x10-7 0,345 105,32 

Amer-Sil  FF60/ Nafion® 

(5,7 %) (0,5:1) 

96x10-7 0,123 87,90 

Amer-Sil  FF60/ Nafion® 

(5,7 %) (1:1) 

19,2 x10-7 0,073 74,89 
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