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Mesoscopic Analysis of Mass Transfer in Porous Negative
Electrode of All Vanadium Redox Flow Battery

1 . 2 . 2
SUN Hong ,FU Xiaodi” ,LI Qiang
(1. School of Transportation Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 ; 2. School of
Mechanical Engineering, Shenyang Jianzhu University , Shenyang , China,110168)

Abstract: The mass transfer characteristics of electrode have an important influence on the per-
formance of the all vanadium flow battery( VRB). In order to study the mass transfer mechanism
of electrode and improve the performance of the all vanadium flow battery , Materials Studio soft-
ware was used to build a mesoscopic model consisting of carbon nanotubes ( CNT) , water, V> * |
V’*and SO; . Based on the coarse-grained molecular dynamics simulation method , the mass trans-
fer characteristics of all particles in electrolyte were analyzed during the negative reaction process.
The influence of temperature, carbon nanotube length and carbon nanotube concentration on the
distribution and diffusion of water, V>*, V**and SO;  were investigated under the Martini force
field. The results show that the diffusion coefficient of the particles increases with the increase of
temperature ,and the diffusion coefficients of each particle show a decreasing trend with the in-
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crease of carbon nanotubes length or carbon nanotubes concentration. The obtained diffusion coef-
ficient of V>* was in the range of 2. 54 x 10 ° cm’-s ™' t0 8.23 x 10 ® cm®-s ', while the diffu-
sion coefficient of V** was in the range of 2. 51 x10 ° cm’+s ™' t0 5.26 x10 ° cm’-s ~'. By con-

trolling the temperature, carbon nanotube length and concentration of carbon nanotubes, diffusion

rate can be optimized,so as to reduce the concentration polarization problem caused by the mass

transfer ,and improve the whole performance full of all vanadium flow batteries.

Key words:all vanadium redox flow battery ; mesoscopic simulation ;mass transfer ;electrolyte
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Table 1 Parameters of simulated condition

RAKE  RKES
K /nm IR UE L
1:1 288,293 298 303 308 313 318

/K

8 1 288,293 298 303,308 ,313 318
1:3 288,293 298 303 308 313 318
1:1 288,293 298 \303 ,308 ,313 318
9 1:2 288,293,298 303 308 ,313 318
1:3 288,293 298 303 308 313 318
1:1 288,293 298 303 308 ,313 318
10 1:2 288,293,298 303 308 313 318
1:3 288,293 298 \303 ,308 ,313 318
1:1 288,293 298 303 308 313 318
11 1:2 288,293,298 303,308 313 318
1:3 288,293 298 303,308 ,313 318
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Fig.1 The mesoscopic model of coarse graining
beads
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