Flowable Zinc Slurry Battery for Long Duration Energy
Storage Technology

Dan Thien Nguyen,* David J. Bazak, Hannah F Chang, Vijayakumar Murugesan™
Pacific Northwest National Laboratory

Introduction Enhanced Zn anode performance Performance of MnO, cathode slurry
Zinc-slurry-based batteries (ZSB) transform advanced High energy efficiency, extended cycle life Examine the performance in a static cell
aqueous rechargeable Zinc battery chemistry into a flow iy ) . Current .
. . Form 40 ——— Voltage Q; = 5.642 mAh
cell system with both anode (zinc metal powder) and < 50- SHente o, | — M Z0(0TH, in water — Qc=1.128 mah collector - //
. . . § § 1 ——2M znS0, in water Nﬁ ' Qg = 4.815 mAh 16- \
cathode (e.g., MnO, or organic cathode) materials in the £ 25 Form-40 E,. § 04 n =100 e diek s ] .
form of a slurry dispersed in the electrolyte. The flow | £ ° s 2 2. ce: 99.3% BN Goosiber § "
. . . £ 7251 = > g ! ' > 1.2-
system allows redox reactions to occur with minimal g | e 2] S 00- j Seopjr::; |
. . . . . O Ref: Ag/AgCl O NS 1.0 4
mass transport limitation and mitigates the dendrite TE E 0- — slurry 0.25 mA/ar?
. ] -1 10 -05 00 05 10 1.5 12 14 16 18 20 22 24 26 0 20 40 180 200 220 08 . " -
formation issue at the Zn metal anode. Potential (V vs. Ag/AGC) Potential (V vs. Ag/AGC) Time (n) — 0 2 4 6 8 10 12
Capacity density (mAh/cm?)
. . | I — 100 14 collector
ZSB is a new energy storage technology that is more = g 3 CE 0 99.7% .
. . . . 0.6 — 200 > ] s00-T TP 12
cost-effective, safe, and durable, which is crucial to s || £ . h:.:.:.:.:.:.:.t.z.\_\_t. g oswns
: o C - g, 0-4- = T Te-g_
meeting the Administration’s goal of providing £ ., g 2 g 5
_ >0 £ E ] 0.8 vol.% MnO, g 0.6vol% —
affordable, secure, and reliable energy. 00! 3 & e D N 4.2 vol% CB
cm?, 1 mAh/cm — Coulombic efficiency § 4 S
0.2+ ' ' ' ' ' 80 frrrr[rrrrrrrrrrrrrrr o O . . S vol.% —
anolyte catholyte 0.0 A0.2| 04 08 0'82 1.0 0 100 200 300 400 500 600 700 800 900 27 i:igﬁifgiriiﬁii’.?f'ty = e [T] Discharge capacity
SEBCO Y S real capacity (mAh/cm’) Cycle number o e ——
_ _ 0 3 6 9 12 15 o 2 4 6 8 10 12
; — = The 1 M Zn(OTf), in a water-sulfone mixture (40 % EIS, Form- Cycle number Discharge capacity (mAh/cm?)
o storage/use for | [ o Pt Gas evolution . . . - .
thermalontiol | |53 25| | contolcoliector 40) demonstrates excellent Zn plating/stripping efficiency over The MnO, slurry cathode demonstrates stable cycling with
ol le i 800 cycles, with an accumulated capacity of up to 0.8 Ah/cm?. low overpotential. A carbon content of 4.2% helps stabilize
S Sk the electrical network within the slurry, thereby facilitating
fresh o Al : - -
- '~ | 28 = " e the charge/discharge process of MnO, active materials.
. A 3 =3y o7 0.8- — _—
t i " AN o] | =3 — Initial cycling on a flow system
L | : Regeneration "7 Particle §04' ——75 S :g
article\ R ti RHI, i o % | —10 o 0.4 s : .
dee ) ofznslumy ' cathode sumy \ gonir % I g — Partial flow cell testing of the cathode slurry
control Separator > | = = 0.2 J J
0.0 . J
' — 0.0 -
Approach ) = — | :hzg ) ]
M0 02 o4 o8 o8 10 B S S N S S A
Areal capacity (mAh/cm?) Areal capacity (mAh/cm?)
Slurry formulation
f \ /— f i \ . - -
* Sulfone-water co- o * Optimal cell For high-energy applications, the benchmark performance of
solvents electrolyte * Low viscosity for architecture for _ o
. Wide electrochemical efficient flow efficient slurry flow the Zn anode was examined at current densities of up to 10
: « Sufficient active . i i
d Rapid prototyping by .
R materials 3D priniing mA/cm? and an areal capacity of 10 mAh/cm?,
ngh electrical « Examination for 18 60__ n —m— Discharge
conductivity LDES ' 50 - —®— Charge
L / L A1.6 , 540_ .x§
%?éi?rlgﬁl?és Flow cell evaluation E; 14- §30; l§|§.\'\.\.\."~.
S1.2- 8207
10l Mnoyjzn 2109 Mno,|| zn
0.8 mA/cm? o4 0.8 mA/cm?
Co-solvent electrolyte design S S S
. 2 i . . Capacity (mAh) Cycle number
Regulating Zn4* solvation with sulfone . B4Ry ) (NI 3 | | | o
Pt L Mo ot T B Dior T T oy She Ssten e Initial cycling of the partial flow cell confirms the feasibility
—0% EIS —0% EIS of the slurry cathode for zinc batteries. The higher
—30% Eis —30% ElS . - : -
—a0% s O —a0%Els 5o, N _ - _ overpotential observed in charge/discharge curves is
T S0%EIS 0% EIS —— Form-40 electrolyte facilitates uniform Zn deposition without attributed to increased cell impedance and the non
. . . . . -
7 dendrite formation, suggesting a strong potential of co-solvent . . .
_ _ _ uniform flow rate of the peristaltic pump.
Z o’ electrolytes in rechargeable zinc batteries.
: Conclusions and Future Work
\ Formulation of cathode slurry
' " : : « Regulating the solvation of Zn?* cation by co-solvents
e S S Critical concentration of carbon matrix 9 J | y
N O w D ™ EIS Fraction (%) (water-sulfone) effectively enhances the performance
. N ot . D s 121 Low concentration Critical concentration of Excessive concentration
o . R . % R E \ conducting carbon - conducting carbon - of conducting carbon of the Zn metal anode. _ _
st G T R e T T e T B N — Active MnO, « The critical carbon concentration of conducting
4 | oZn® “zn ’ 3 - <150 | E::g;:: e, 200 T % N \ o 4o% particles . . oy .
R e oz .| esw RETE: T IR carbon was determined to be optimal for facilitating
, | "H0'0 , ! 0 OTf~ ¥F 100 2 4- v A\:\. = . — ] ] ] o
1 L. S PR LSS § IS 5 current conduction as well as improving the flowability
A . N 1 T = D =
’ 0 10 EI?:‘,DF 30 40 50 0 10 20 30 040 50 OO ' 1'0 ' 2'0 ' 3'0 ' 4'0 ' 5'0 ' 6|0 ' 7'0 8 O 8 Of the Slurry
raction (%) EIS Fraction (%) Temperature (°C) -E S .E . .
T EIS fraction: — 0% 20%  30% — 40% — 50% o 5 g * Future work will focus on: Integrating Form-40
s © Non reacting O © , electrolyte and polymer to enhance the performance
e ) . . - .
g particles and stabllity of the slurry in the flow cell; Customizing
g «  Poor electrical conductivity - Facilitate electron transport * Very high viscosity : : .
: . . . - Low utilization of active through a dynamic electron * Low pumping efficiency cell archltecture to |mprove pump eﬁ:lCIenCy and
3500 3000 1500 1000 500 materials pathway at sufficient »  Low capacity per volume examine the full cell using both anolyte and catholyte
Wavelength (cm™) . i i i i (or per mass) ol .
. : L Material segregation viscosly slurry; Examining the cycling performance for long-
As ethyl isopropyl sulfone (EIS) fraction is increased, the 0.6 2 10 81 duration energy storage (LDES) applications (i.e
. e e - = - urati icati l.e.
anions are better excluded from participation in the Zn?* 04 o £ Z - . Iy J PP
. . 2 22 5 >10-hour discharge). -
solvation shell, at the cost of slower overall tumbling 502 — 3% g 4 36 | -
. o . . L 5%, S . This material is based upon work supported by the U.S.
dynamics. 40% EIS fraction the optimal realizationofa | o0t —— § 1 o2 O : .
. . . . 0 2 { 6 8 8 15 20 25 30 35 40 45 50 55 60 Department of Energy, Office of Electricity (OE), Energy
unique dynamical state that the cooperative solvation of Current density (mA/cm?) w OB Volo. S Divisi
o4 : torage Division.
the Zn=* by the EIS and H,O achieves. The carbon concentration was optimized to provide sufficient PaCifiC
electrical conductivity while maintaining low viscosity. For additional information, contact:

s, . Northwest
@ .;ENeErcy BATTELLE e

PNNL is operated by Battelle for the U.S. Department of Energy 5/12/2026 | PNNL-SA-214033 thien.nguyen@pnnl.gov www.phhnl.gov




	Slide Number 1

