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MnQO, as an inexpensive, safe, non-
toxic cathode material



Alkaline Zn-MnO,

Northeastern

College of Engineering

Zn-MnO,

+ Cheap
+ Abundant
+ Safe

v ~$1/Ib

électrolyte(KOl-m

* Cheap
* Abundant

* Aqueous-based

- Cheap
- Abundant

- Safe

* Much safer than
wganlc electrolytes /

\ - ~$0.9/Ib

Zn and MnO, are high-capacity materials
o Zn: 817 mAh/g (2-electron)
o MnO,: 617 mAh/g (2-electron)

Aqueous: lower potential than Li-ion
(organic)
o 1.5V nominal
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[MnOg¢] slab

, A . Intercalation 1e reaction

Hﬁ

2/m monoclinic

Na, ,MnO,

3C

I

— intercalated
.l Na'ions

C2/m monoclinic

Conversion 2e reaction

6-MnO, "birnessite"

dlscharge Mn(OH),

pyrochronte
! C2/m monoclinic P3m1 trigonal

Bi as a dopant, used to modify the reactions
(Bi is electrochemically active)

interlayer

interlayer H,O
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Operando Experiments: Alkaline MnO, Cycling College of Engineering
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Goal: rationally engineer the Bi + MnO, system

Unknown: mechanism of action for Bi

Approach: begin with a synthesized K-birn physically
mixed with Bi,0,

Method: operando X-ray diffraction, X-ray spectroscopy,
and Raman spectroscopy

Entrance window
for Raman or XRD

_~
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Mechanistic Findings of this Investigation
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Operando Raman Spectroscopy College of Engineering
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1. We detected a disordered 6-MnQO, during charge
o  Thisis enabled by Bi3*

® Bis* is often hypothesized to "pillar" layered structures during
discharge

® We hypothesize: Bi®* templates or otherwise guides formation of the
layered birnessite structure during charge.

2. Operando EXAFS shows unknown Bi species

® We are working to identify the dynamic Bi species in alkaline
systems

® May be general in both the MnO, (CCNY) and CuO (SNL) systems

13



Synthesis of Doped Birnessites
0-(A,,B,)MnO,
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1.  We have made doped birnessite 6-(A,,B,)MnO, with high tunability
® Multiple dopants were introduced
® Crystallinity was also controlled

® Crystalline Bi-birnessite was obtained for the first time to our
knowledge

2.  Highly crystalline material simplifies structural characterization
® Ongoing work: What are structure-function relationships in:
. alkaline systems (H* charge carrier)
. non-agueous systems (Li-ion, beyond Li-ion)

16
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