€1 ALY cceieriros Advanced Characterization and Data-Driven Insights into
Sodium-Ion Battery Cathodes

B 7\ L ABORATORY

Ahamed Irshad Maniyanganam®*, Yan-Kai Tzeng*, Marcos Lucero* Fred Omneya¥,
David Reed#, Xiaolin Li#, and Jagjit Nanda*

*SLAC-Stanford Battery Center, SLAC National Accelerator Laboratory, Menlo Park, CA
#Pacific Northwest National Laboratory, Richland, WA

Project Profile Approach & Milestones Background: SIBs and MNF541 Cathodes

TOpiC: SOdlum Batte nes '_/\,L %oaq(igrzgiisotnhg;la;i-tirc])ilzl)nl])_?;t:rLitfPoenr;'nigrtIreigs contain lower-value
Vertical: Materials and System Innovation x o
Strategic Pathway: Stabilize [ i S
Project start and finish: FY2025-FY2026 B |
Problem’ Objectlves & ReIeVa nce Materials/Electrode Characterization Cell-Level Characterization P s G o
. Sodium.ion batteri <ing | ¢ <calabl - Electrochemical testing (galvanostatic cycling, GITT, EIS) rosiivo sociode TN ioceciose |Gt e e W
O |um'|0.n atteries are‘ d pror.n|s.|ng OW'CO.S I} SCald e, Of 03' PZ, and blphaslc 03_P2 NaXM nO-SNiO-4FeO-1OZ (RSC Adv., 2022,12, 23284) (The Na-ion market outlook) (Wood Mackenzie 02-21-2023)
and sustainable alternative to lithium batteries for LDES . : : | | |
. Y . « Crystal structure evolution via ex-situ lab-scale XRD, Na,Mn,Ni;.,0, Synthesis Phase Diagram
« Practical deployment is limited by fundamental materials . L —
. . and synchrotron operando XRD in pouch cell Layered Transition Metal Ol SuEaE O o o
challenges that require advanced characterization. . . : . Oxide Cathode B
« Electrode heterogeneity mapping using micro-Raman, o e
Objectives micro-XRF, and transmission X-ray microscopy (TXM) qome o %[ BEe X% e
- Investigate phase synergy to enable « Charge compensation analysis through synchrotron- ORIt
high-voltage, high capacity and durability based XAS, RIXS, XRS, and Mossbauer spectroscopy. f f : !(0:';;1{;;,, S I o W
A-- » o 9

0.6 0.7 0.8 0.9 1.0

B - : ; g ; i
[
& L X @ @
¢--- P2 phase 03 (03’) phase NiO Other phas
a A-- 9

- Elucidate crystal structure evolution Month/Year
- Map phase, charge and compositional heterogeneity

 Decipher cation/anion redox for charge compensation ey b2 Identify the role of phase dolmpleiee el e T
- Integrate AI-ML analytics to accelerate innovations synergy at different voltage e e B B
Relevance: The SLAC-Stanford Battery Center advances Dec 2025 Identify anion/cation redox  completed * Na,Mny sNig 4Fe; 102 (Na,-MNF541) offers high
SIBs using advanced characterization techniques, including| | Mar 2026  Tack structural evolution completed performance and cost competitiveness
synchrotron methods, to enable the design of low-cost across multiple phases ' Phase_tunmg Vi Na_content. _
electrode materials. In collaboration with PNNL, this work Aug 2026 > . On-aoin Xx=1.0—03,x=0.85— 03-P2and x = 0.66 —~ P2
ap heterogeneity and going » Selected to study phase synergy, redox processes, phase

supports the DOE Office of Electricity’s mission to improve

grid storage performance, reliability, and cost reduction correlate using Al/ML evolution, and heterogeneity across wide voltage range.

Results-2: Cation vs. Anion Redox Results-3: Structural Evolution

Results-1: Voltage-Dependent Synergy
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