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Semi-solid flow cells leverage the high energy dgnsf
solid-state lithium ion cells with the scalabilibf redox
flow batteries through the co-suspension of sdiides
electrochemical storage materials within an electro
conducting gel supported by ion-conducting elegteol
[1]. The fluidity of semi-solid suspensions enabtbe
bulk transfer of electrochemically active mateftialthe
electroactive region (i.e., the region over whiahrent
collector extends) for the storage and deliverglettrical
power to and from an external circuit.

Charge transfer in heterogeneous, mixed-conducting
semi-solid suspension occurs via mechanisms affreent
conventional flow batteries. Specifically, the rhanical
energy dissipated by pumping semi-solid suspensions
necessitates the operation of semi-solid flow cellsn
intermittent mode characterized by transient flpidses
[1,2]. The efficiency of this process dependsrsity on

the shape of the non-Newtonian, pressure-drivew flo
profile. Plug-like flow profiles that preserve tehape of
suspension aliquots (i.e., displaced volumes) upon
pumping yield greatest electrochemical efficien8ly [

The time scale associated with intermittent flovisps is
assumed to be substantially shorter than thosehef t
intrinsic electrochemical transport mechanisms e t
semi-solid (e.g., electronic and ionic conduction).
Therefore, the shape of the velocity field is thanary
agent for the redistribution of semi-solid duringy a
intermittent flow pulse. A simplified pumping seeio is
depicted in Fig. 1 to illustrate this effect. Wi plug-
like velocity profile displaces the charged senlieso
volume uniformly, the Newtonian-like velocity fieldbes
not transfer charged suspension near the wall dritie
active charging zone. Also, the Newtonian-likewflo
distends discharged suspension into the chargéd tan
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Fig. 1: A simplified pumping scenario in which @unit
aliquot of suspension is charged and that aliggiefected
from the charging region by (b) a high-velocity,
Newtonian-like flow and (c) a low-velocity, plugké
flow, each with equal size of the displaced aliquot

The non-uniform advection (i.e., bulk fluid motioof
charged suspension decreases the efficiency ofsaidi
flow cells, firstly, because of the state-of-chaggadients
induced in the electroactive region. Secondlyréased

interfacial area between charged and uncharged
suspension leads to rapid equilibration of chargeside
of the electroactive region.

Based on this understanding pumping sequences are
explored through the numerical simulation of chaage
discharge steps in sequence with intermittent fiaises

of various flow types (e.g., slip flows and Bingham
plastic flows). Sequences are identified that
simultaneously maximize energetic efficiency and
discharge energy of the semi-solid flow cell.
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