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Introduction 
Graphitic carbon felts are an industrial standard 
for Flow-through VFB and represent a crucial, if 
not the most crucial, component to achieve high 
efficiency. Felt electrodes require foremost highly 
activated fibre surfaces to assure: 

-low charge transfer resistance;
-high wettability to enhance available interface for
electrochemical reaction; and
-reduced flow resistance and pressure drop.

Besides chemical modifications of fibre surfaces, 
the physical properties of carbon felts need to be 
optimized for low Ohmic and flow resistance. 
Increasing the felt compression is beneficial to 
lower the Ohmic contribution to the cell 
resistance, but at the same time it will lead to an 
immediate increase of the pressure drop and 
thereby loss of power for pumping. The cell 
design needs to balance between the Ohmic and 
flow resistances, which has recently been 
elucidated for small, academic test cells [1]. The  

reaction rates can become transport limited and 
require high flow rates, which is directly related to 
power loss due to pumping, especially when 
charging at high SoC and discharging at low SoC. 
This study uses an industrial scale A4-size half-
cell to study the basic influence of activation and 
basis weight on pressure drop in VFB.  

Experimental 
Figure 1 shows the test cell with an A4-size 
compartment that was used to study the pressure 
drop at various flow rates. Rigid frames allow 
control of compression rate of the felts from 3.1 
mm up to 5.9 mm. A transparent top-plate allows 
visual observation of the flow distribution inside 
the cell. All experiments were carried out with 
electrolyte of 1.6 M total Vanadium in 2 M sulfuric 
acid (d = 1.367 g/mL) at T = 21°C. A peristaltic 
pump (Watson-Marlow 323E) was used to control 
flow rates independent from pressure drop of the 
cell.  

Figure 19. A4-size cell with transparent top-plate and a set of frames to test pressure drop in flow-through VFB 
cells at different compression rates up to 5.9 mm. 



83 

 

Results 
First tests have been carried out at one fixed cell 
height of 3.1 mm. Even for an empty cell the 
pressure drop increases from 38 mbar 48 mbar 
(10 mbar total) (see Figure 2) at rising flow rates 
from 20.8 mL/min. to 130.4 mL/min. due to an 
unavoidable flow resistance of the (short) hoses 
and the cell compartment itself. An untreated felt 
with a comparable high basis weight (442 g/m2 at 
4.4 mm uncompressed thickness) clearly shows 
the highest pressure drop for this series of 
experiments (55 mbar to 158 mbar - 102 mbar 
total). An activated felt with same basis weight 
and thickness can reduce pressure drop to 52 
mbar to 145 mbar - 93 mbar total). Figure 3 
demonstrates the reason for reduction of 
pressure drop. Areas of low wettability at 
untreated or insufficiently activated felts promote 
inclusion of gas bubbles that lower the contact 
area of electrolyte. During operation this would 
increase local current densities that lead to higher 
overvoltages and less overall voltage efficiency.  
 

 
Figure 20. Pressure drop (at 4 flow rates) with 
untreated, low and high basis weight felt in comparison 
to empty cell (A4-size, 3.1 mm height). 

A much stronger reduction of pressure drop can 
be achieved by using felts with lower basis weight 
e.g. at 309 g/m2 at 3.75 mm thickness). For the 
flow rates of this study Figure 2 shows a 
comparable small increase of pressure drop from 
43 mbar to 84 mbar – 41 mbar total. This is a clear 
improvement to minimize power loss due to 
pumping, but it surely comes at the expense of a 
higher Ohmic resistance and cell designers have 
to balance between these variables. 
 

 
Figure 21. Gas inclusion at untreated felt and at 
insufficiently activated regions decrease available 
area for electrolyte flow and energy conversion. 

 

Outlook 
 
Further experiments will focus on the influence of 
specific material properties (e.g. differences 
between Rayon and PAN-based felts) and 
general dependencies on pressure drop 
(compression rate vs. mass/volume). Aim of this 
work is to conclude on simple design guidelines 
that allow material selection for lowest pressure 
drop and pumping power loss.  
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