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- Background ~ - a-MnQ,0Bi, 0, system ~
Zn/MnQO, alkaline batteries have been identified as a viable option for the We use K-MnQO, as a model material to answer
modernization of grid scale energy storage due to their projected cost the followingquestions
(~$50/kWh), scalability,and safer componentswhen comparedto non-agueous (1) Whatis the role of Bi,O, Iin the electrode
alternatives. For this system to reach its maximum capacity, the full Mn*+/2+ (2) Whatls the mechanlsmfor MnQ, reversibility
redox couple must be reversible over thousands of cycles with high mass |
loading. Thefollowingreaction has been proposedto occurin alkaline systems ’cg; 1St Cycle J
5 za K-birnessite + B| 3
MnQO, + xH,O +x€ 1 MnG, ; (OH) + xOH  where x = 2 402 febimessite
> -0.4
Recently,successin rechargeability> 3000 cycleshas been demonstrated with S 06
the incorporation of various electrode constituents which alter the fundamental L o8l
. - . . . a
dischargeand charge processand form the a-MnQ, (birnessite)on the first cycle gl ifgg‘,v,',';\%g‘*’l;;iffjct‘;onequ,valems l
whichis identified as the reversiblereaction. 0 300 500
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/ Mechanistic Insight intoa-MnQO,0Bi, 0, cyclability \
S o Oxidationstate results from LCFXANES
XTay absorption spectroscopy(XASprovidesoxidationstate changeand local structure — s 04 . l . l l l — 4
U Fullyintact batteries are cycledat BrookhavenNationalL a bNbkSII QASbeamline §°-8 4 0ol
U Both the Mn K- and Bi-L,,, edge were scanned with over 1 cm? electrode area in [ Ttee., ™
204 1 o1eon T ! * . O
fluorescencemode D 0 : ]
.a . . . . . ' —2.03h ®
U Limited Mn redoxwithout Bi,O, present, full reductionto Mn?* when present oS 502 \ e, =
U Secondplateau showsinitial Mn redoxslow then quickly convertsabove Mn3* Lo Eewen g 04l o c
U Biis partially redoxactive but does not fully convertto Bi metal 1 A & | Ik =
U BI-O from [BiG,]* cluster is present even at full discharge indicating Bi** is present, % | o 7087 §
: : : 3 osen O .
possiblyan amorphousor a dissolvedspecies fos w08 1.5
Bruck et al.Journal of The Electrochemical Socie020, 167 (11), 110514. 204 120 p | | | | | - Mn 1
Martinez et al.The Journal of Physical Chemistry2018 ,122, 1905 0.2 0 05 1 15 2 25 3 35
_ BIEXAFS XANES g o Time (hrs)
Q —0-Bi,0, ) - ey 4
0.6 -/ 0 1 Uos < [osen
= — B g | e 0.2
0.5 L Discharged . | s e Q0 39—~
o A — o 1 B o I O
2 7S oL Charge | Biledge | Mnkedge iii T O 3 =
< 04} A wEE discharge ~ ° discharge | e T o
~ 19380 13400 13420 13440 13460 13480 6520 6540 6560 6580 6600 6620 " > 25
—~ nergy (e Energy (eV .
g 1 E‘ gy(V) | - | gy (eV) | %_0.4 S
ta go.s— ik ek %-0.6 g
9 8 g 15 ©
| Eos | jen
= Bi L,-edge | “o.4 Mn Kedge = 18n -1 1
0.2 ] 7
charge 02 charge 2 ,
13380 13400 13420 13440 13460 13480 20 65';0 6560 6580 6600 6620 Time (hrs)
Energy (eV) Energy (eV)
Radial distance (A)
. . - Summary and Next Steps
. Ramanindicates disordereda-MnG, Y '
U Noncrystalline a-MnQO, observed with
iy 2 Ramanon secondplateau on charge (o) Criaie
5 2 z 0 Mn,Q, alsoobservedwithout Bi,O, P =Y Y
IS = -= . — —
: = E — ° gy * I
) ) XRDconfirms reformation s
i U Bi metal, Mn(OH), and crystalline Eee amy oo
100 200 300 400 500 600 700 s00 o TS0 TG00 00 B0 & & e birnessite are confirmed by diffraction < @85 W Mno, tetrahecra
Raman shift (cm') Potential (V vs. Ni(OH),) | ' : | | |
?\lf* T N Full charge, . . B} .
. Z e e 1.A disordered, non-<crystalline birnessitetype phase
z o -2 ::dl| g consisting of mostly neutral H,O within the interlayer forms
g = - == =R as the intermediate phase on charge
= ' £ v/ I AT & S . . . . . .
: = S e 2. BL,O, partially convertsto Bi? also contributingto capacity
- b oy o | | We are currently developing XAS models and performing
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