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Introduction
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J. Luo et al., Joule (3), Issue 1, 2019, 149-163

SPr2V anolyteK4Fe(CN)6 posilyte

•Optimisation of electrolyte composition
• Comparision of mixed and non-mixed

electrolyte

•Oxygen permeation

• Effect of flow rate

• Effect of SOC
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RFB tests: Experimental
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NOTE: Catholyte was always of same 
concentration of active species as anolyte 
and without supporting salts.

NOTE: Sometime, final testing was performed after catholyte 
exchange for fresch one to see the anolyte capacity decay.
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RFB TESTS: CELL POLARIZATION

Negolyte composition Membrane Rohm 
(Ω cm2)

Rohm 
(%)

Rchar  
(Ω cm2)

Rdis         
(Ω cm2)

0.9M SPr2V in 3M NH4Cl FS-950 1.16 85% 1.32 1.37

0.75M SPr2V in 2M NH4Cl FS-950 1.84 92% 2.10 1.99

0.75M SPr2V in 2M KCl FS-950 2.64 86% 2.68 3.08

0.9M SPr2V in 2M NaCl/KCl FS-950 2.04 87% 2.16 2.34

1.1M SPr2V in 2M NaCl/KCl FS-950 1.16 86% 1.48 1.35

1.1M SPr2V in 2M NH4Cl FS-950 0.86 81% 1.06 1.06

LC in +50% SOC, SGL 46EA, 4 cm2, 40 ml/min, RT
GB... nitrogen-filled glove-box
act... membrane activated (1h in H2O 60°C, 1h in H2O 80°C)
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RFB TESTS: CELL CYCLING

Negolyte composition Membrane CE (%) VE (%) EE (%) CU (%) CD (%Qteo)

0.9M SPr2V in 3M NH4Cl FS-950 99.2 68.8 68.3 91 -12.6

0.75M SPr2V in 2M NH4Cl FS-950 99.1 55.1 54.6 86 -20.4

0.75M SPr2V in 2M KCl FS-950 99.3 42.4 42.1 76
Cathode 
failure

0.9M SPr2V in 2M NaCl/KCl FS-950 99.4 50.7 50.4 75 -10.3

1.1M SPr2V in 2M NaCl/KCl FS-950 99.5 57.3 57.0 84 -17.8

1.1M SPr2V in 2M NH4Cl FS-950 99.2 72.5 71.9 87 -17.1*

* Partially due to posilyte leak, only 3% decay after posilyte exchange.

LC in +50% SOC, SGL 46EA, 4 cm2, 40 ml/min, RT
GB... nitrogen-filled glove-box
act... membrane activated (1h in H2O 60°C, 1h in H2O 80°C)
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RFB TESTS: CELL POLARIZATION

Negolyte composition Membrane Rohm 
(Ω cm2)

Rohm 
(%)

Rchar  
(Ω cm2)

Rdis         
(Ω cm2)

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-950 3.00 95% 3.12 3.17

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-830 1.80 87% 2.11 2.08

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-730 1.44 84% 1.73 1.72

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl (GB) FS-730 0.80 76% 1.03 1.05

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-730 (act) 0.56 67% 0.83 0.83

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-720 0.60 68% 0.88 0.88

LC in +50% SOC, SGL 46EA, 4 cm2, 40 ml/min, RT
GB... nitrogen-filled glove-box
act... membrane activated (1h in H2O 60°C, 1h in H2O 
80°C)
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RFB TESTS: CELL CYCLING

Negolyte composition Membrane CE (%) VE (%) EE (%) CU (%) CD (%Qteo)

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-950 99.4 46.8 46.5 88 -5.0

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-830 99.1 58.3 57.7 86 -22.6

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-730 99.4 62.2 61.8 89 -5.0

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl (GB) FS-730 99.7 74.4 74.2 92 -0.2

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-730 (act) 99.0 79.1 78.3 95 -2.5

0.65M K-Na-FeCN + 0.65M SPr2V + 0.5M NH4Cl FS-720 98.5 76.3 75.1 92 -13.3

LC in +50% SOC, SGL 46EA, 4 cm2, 40 ml/min, RT
GB... nitrogen-filled glove-box
act... membrane activated (1h in H2O 60°C, 1h in H2O 80°C)
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RFB TESTS: CELL CYCLING
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220310_LM-mini_FS730-a_SPr22V_Ferro_K-Na_0,65M-mixed_GB_+50%_EIS+LC_40rpm_cycle_01_MB_C01.mpr : Ece vs. Capacity, cycle 1 #

220315_LM-mini_FS730-d_SPr22V_Ferro_K-Na_0,65M-mixed_GB_CC-CV_C02.mpr : Ece vs. Capacity, cycle 1
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220225_LM-mini_FS730_SPr2V_Ferro_K-Na_0,65-mixed_cycle_01_MB_C02.mpr : Ece vs. Capacity, cycle 1 #

220301_LM-mini_FS730_SPr2V_Ferro_K-Na_0,65-mixed_CC-CV_C02.mpr : Ece vs. Capacity

Fume-hood = tanks under nitrogen

Negative electrode potential during CC-CV

Before 50 cycles
After 50 cycles

Before 50 cycles
After 50 cycles

Lower SOC of negolyte reached
-> capacity limited by posilyte
(although used in surplus)
- SOC disbalance towards Ferri 

Glove-box: nitrogen-filled
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Non – mixed electrolyte

Battery testing – EIS + load cruves
Mixed electrolyte
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Battery testing – EIS + load cruves
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Non – mixed electrolyte Mixed electrolyte
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Effect of flow rate
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• Increase of capacity
utilization by 25 % 
when flow rate is 
doubled for last 50 mV
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Effect of SoC - mixed
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𝑗0 = 𝑛𝐹𝑘0𝑐𝑜𝑥
α𝑐𝑟𝑒𝑑

1−α

Increasing SoC

• Ohmic resistance is 
decreasing -
conductivity

• Charge transfer 
resistence is increasing-
conductivity
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Effect of SoC – non-mixed
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Probably temperature 
effect for 50 %SoC
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Cycles
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Non – mixed electrolyte Mixed electrolyte



15-5-2023CONFIDENTIAL
Slide 15

HIGREEW - 875613 - 2nd Project workshop 

Cycles
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Conclusions
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• Analytical model of shunt current losses and pressure losses and 
CFD model were developed

• Effect of flow rate is significant mainly significant

• Increase of flow rate at the end of cycle might significatnly increase
capacity utilization

• Effect of electrolyte SoC on the resistence of the cell was examined
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