Sandia National Laboratories

Unraveling the Role of Layered ZHX Materials in Zn-lon Battery
Cycling

Calvin D. Quilty!, Julia I. Deitz?, Paul G. Kotula?, Damion P. Cummings?, John D.Watt3, Ciara N.Wright!, Lauren W.To!, Timothy N. Lambert'-3"

'Department of Photovoltaics & Materials Technologies, 2Materials Characterization and Performance 3Center for Integrated Nanotechnologies, Sandia National Laboratories, Albuquerque, New Mexico 87185, USA
“tnlambe@sandia.gov

Background/Motivation Can ZHX be Reduced!?

Project Goal: To gain insight on the mechanism by which Zn-ion batteries deliver electricity, ZHA (435 mAh/g) cathode can be fully reduced in a zinc battery while ZHS (467

identification of the mechanism-relevant zinc materials. _ . : T : :
. e . . mAh/g) cannot = ZHA formation is reversible; ZHS formation is likely irreversible
Current Practice: Underlying Li-ion mechanisms are commonly adapted to Zn-ion, but 1 | | | | | 1 | | | | |

supporting evidence is limited.

Why SNL: Array of uncommon to near-unique instrumentation (e.g. TEM and cryo-PFIB " |
SEM), critical for advancing new technologies (e.g. Zn-ion batteries). < 06| :
Innovation: Leverages and expands on new capabilities (cryo-PFIB) to study the system in § f§04_ |

ways that were not previously possible.
Impact: Additional energy storage is needed to improve grid reliability & resilience, provide
constant power for emerging technologies (e.g. Al), and high power for resource extraction.
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This work will aid in the development of Zn-ion batteries that store grid energy using safe, : v P e ” + : ” R 100 -
Rlexpenswe, a;d US-TDourced materlalz, fomlponents, and manufchturlng. N ] ' "Graphite | | "~ [eesene | After discharge, electrode is coated in
ignment: Zn-ion batteries as a grid-level storage system will improve the reliability an fi - : . : .

- inely divided zinc with graphite visible
resilience of the grid using affordable and US-sourced materials and manufacturing. ~ ZHA amorphizes Y &rap
g during reduction to PI"IStIne ZHA CathOde
Zn4(OH)6 04-XH20 Mechanism in zinc-ion batteries is unclear: z Zinc metal ' | L
| | * Redox mechanisms complex s
* Layered ZHX phases can form 002 o e
 By-product or part of mechanism? 2 w0 4w e 10 s o
. . 20 (deg.)
Here we investigate the role of ZHX: —— e :
. —Discharged ZHA ooum ! Mooum"
« Typical ZnSO, electrolyte (sulfate) —2n0 “

B Dlscharged ZHA Cathode

Zn Ka1 C Ka1,2

* KOAC/HOAC electrolyte (acetate)
* {molality = { conductivity/stability
* Inexpensive, nontoxic materials.
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EELS suggests
Zn**>Zn"
over discharge
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'Dissolution is an alternative possibility to amorphization. However the detectlon of zinc in the EDS and Zn®%in

Intensity (a.u.)

Bear, I.]. et al. Acta Crystallogr. Sect. B, 1986, 42, 32.

Cycled Zn electrodes from symmetric cells: , the EELS confirms that reduced, amorphous zinc is in fact present.

* Dull white appearance, ~1/3 less dense ) .

* Likely electrolyte-derived phases (i.e. ZHX) : ; H ow M UCh ZHX IS FO im ed?
e Zn—>Zn?* may lead to ZHX either with OH- (from HER) or H ,O (no HER)

Pristine

5Zng, + 8 OH,, + 2 OAc,, S Zng(OH)g(OAc)y, + 10 & (1) F:ryoglfnlc I;lsEr aI:I>IIat|0|1 Ivz/)?)so CL:JS.ed to e%(po:le IDthe .

5 Zng, + 8 HyOp + 2 OAC 4q > Zns(OH)g(OAC), + 8H* ooy + 10 & (2) interphase of the ce s aF - < in vacuo. To the best WOB
- b R = — of our knowledge this is the |* time that this recently . b
Acetate - developed technique (at SNL)! has been applied to Frozen meiérglyff
A - aqueous batteries. 'Jungjohann,K.L.et al. ACS Energy Lett. 2021, 6,2138. BBais 4

;;:, s o1 %Hé Charged (Asymmetric) Discharged (Symmetric) ittnl
2 After 10 cycles, a layer of
- o3 ZHA (Zn,C,O by EDS) is
0003 fos 92 ﬁm el observed to reversibly form
1IO 2IO 310 4IO 510 610 TIO 8IOM_L_;O at the Inte rface.

20 (deq.)
ZHX phases on zinc electrodes after cycling:

« ZHS (Zn,(OH),SO,)! appears on zinc cycled in sulfate electrolyte
« ZHA (Zns(OH)4(OAcC),)? appears on zinc cycled in acetate electrolyte

* Micron-scale particles: ZHA blades & ZHS hexagonal platelets
(1) Bear, I. ). et al. Acta Crystallogr. Sect. B, 1986, 42, 32. (2) Poul, L. et al. Chem. Mater. 2000, /2, 3123.

Synthesis of ZHX Materials

In contrast, a much thicker
ZHS layer (Zn,S,0 by EDS)
- | forms in the sulfate cells and
® reversibility appears to be
minimal.

Corrosion is also seen in the
bulk of the zinc electrode

ZHA and ZHS can be synthesized by a RT aqueous precipitation reaction - ) | o - with ZnSO,.
6 NaOH,_ _+ 4 ZnSO,. ., 2 Zn,(OH). SO, + 3 Na,SO .
(2q) 4(aq) 4PF)6>M 4 s) 22%4aq)
8 NaOH,, + 5 Zn(OAC),e) > Zns(OH)g(OAC),,) + 8 NaOAc,, Conclusions
Aqueous NaOH and ZnX are combined, ZHX precipitates out Reversibility of ZHX species does occur but is electrolyte dependent
001 | | | | | | e  ZHA (acetate-based electrolytes) can form reversibly

* ZHS (sulfate-based electrolytes) forms irreversibly

5|l Electrolyte Solubility: 43 g/l <0.1 g/L Mechanistic considerations (critical for battery development) must take
2| o <0.1 g/mL in water electrolyte into account
: * Some electrolytes lead to reversible formation of ZHX species which
- . suggests that their formation is part of the overall redox mechanism
VY e ’ - Electrolytes that form soluble, reducible ZHX species may be preferable for use
vE Y e T ® in Zn-ion batteries
Materials are isostructural to ZHX formed in situ, morphologically are different: * The commonly used sulfate may be less-than-ideal due to irreversible ZHS
* More finely divided particles, rice-like for ZHA, platelet-like for ZHS formation and bulk corrosion
ZHA has significant solubility in electrolyte, which could facilitate reversibility Research into the complex mechanism of mildly acidic zinc and optimizing
Modified from (l) Hedberg, ]. et al. J. Electrochem. Soc. 2010, /57, C363. battery performance IS ongoing
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