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Fig. 1 Schematic of the FCDI operating modes
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Fig. 2 Physical diagram of FCDI and electrolytic cell with three-electrode system
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Fig. 3 Pore distribution of carbon black
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Fig. 4 Surface morphology of carbon black
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3200 80 0.10
2 FBREx T N
-~ @ A iR g
2800 f el 64l 9 1008 E
=~ LN Ty s g
5 2400 < 7 =
bt . T & 48F 1006
£ 2000} S o ¥ £
% ~ = s
) s 32t 10.04 mE
r N £
@ 1600t > i
- < ZVXC AN %
~ /- ECP S 16 | 10.02 £
1200+ _ ECP600 ~ }.;;"
! 'BP2000 W \\Bilr
800 1 1 1 1 1 J 0
0 1800/ 3600 5400 7200 9000 10800 VXC ECP ECP600  BP2000
i [A]/s
(a) HL AR (Ll 2 (b) Ak K BpA B[R] 36 b

E7 RERNBRE SCHERXT FCDI fYFit 2 14 52
Fig. 7 Desalination performance of FCDI with the CB flow electrodes under SC mode
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Table 1 Correlation between specific surface area and pore distribution on FCDI desalination performance

Y- AL/(m™ g ) Arfl/mg ™) He A Y (m>g ) S EHBY (g )
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r P r P r P r P
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Fig. 8 Graphitization degree of carbon black
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Fig. 9 Surface elements and functional groups of carbon black
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Abstract Flow electrode capacitive deionization (FCDI) mainly relies on the electro-adsorption of the flow
electrode to realize ion removal. Among them, the pore size distribution of flow electrode is an important factor
affecting the desalination performance of FCDI. Therefore, four kinds of carbon black (CB) with high
conductivity were selected as flow electrodes, and the influence of pore size distribution of flow electrodes on
the desalination performance of FCDI was investigated. The results showed that in the isolated closed-cycle
(ICC) mode, the desalination performance was positively correlated with the specific surface area of the flow
electrode (=0.918), and was mainly affected by the mesoporous area. In the single cycle (SC) mode, the
desalination performance of FCDI was positively correlated with mesopore area (»=0.583) and negatively
correlated with micropore area (+=-0.725). When carbon black with the largest mesoporous area was used as the
flow electrode, the desorption rate of ions on the surface of the flow electrode increased by 53%, and the
desalination rate of FCDI increased by 702%. The results of adsorption-desorption experiments showed that due
to weakness of micropores such as small size and long path for adsorption-desorption, the rapid desorption for
the ions absorbed by the flow electrode was difficult, which inhibited the regeneration of the flow electrode in
SC mode. Mesopores could strengthen the desalination performance of FCDI in two operation modes, while
micropore limited the desorption of ions in SC mode and the desalination performance of FCDI was weakened.
The results can provide a reference for design and selection of the flow electrode.

Keywords pore-size distribution; flow electrode capacitive deionization; desalination; carbon black
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