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3. Aqueous Batteries Using Multivalent lons'~, oxide is the most widely investigated cathode material for
! (Zn%, Mg?*, Ca%*, AP*) as Charge Carriers " mcTon - sfordge.™ " &S Tarly as 1988, “Zu/ZiS 07/ Mn0;
N A echargeable battery system was exploited by Yamamoto and
"3.1. Aqueous Zinc Batteries (AZBs) Pt [o-workers,”’Bl but the mechanism of battery was unclear.
el - -7 bntil 2009, Kang and co-workersi*® found that alpha manga-

Besides the above mefifioried aqueous metal-ion battery sys-  hese dioxide (-MnO,) can store and release zinc ion fast and
tems, AZBs have been attracting keen interests from global  feversibly, which is suitable to be the cathode materials storing
researchers in the very recent years because of their high spe-  pinc ion. And combining with the metal zinc anode and mild
cific capacity. Generally, aqueous zinc batteries are composed queous electrolyte containing zinc salt, the concept of “zinc
of zinc-ion storage materials as cathode, zinc metal anode, and ~ jon battery” was proposed, although where the anode is metal
neutral (or mild acid) electrolyte. Each of the three components Linc rather than the ion storage materials. Up to now, -MnO,,
of AZBs will be discussed below. D BMnoO,, ¥MnO,, 8Mn0,, spinel-type MnO,, todorokite-type

MnO,, and o-Mn,0; have been reported as host materials for

> FFIRIRISE
> JEEIOER
A. IREFE KM
B. REARAEH
C. [a)@n ($ig YR A4 (o) 30 )

W : . \H- &b 518
pinc-ion storage.’* 2/*2* Due to the yarious crystallographic_ A. TERE[E]RR
3.1.1. Cathode Materials for AZBs A polymorphs of manganese oxides, the electrochemical reaction = 4 =18
o

o e e e e e e e e e e e e === = mechanism of manganese oxides in neutral (or mild acid) elec- B‘ *’%‘/E |‘$I —-IEZ‘-
| Generally, most ion storage materials used in aqueous Li, Na,| trolyte still remains controversial. D HTJ'IE_Jgﬁ ( }% i’l%;ﬂ+fﬂﬁ ){ﬁ
| K-ion battery can be employed as cathode materials in zinc-jon | Basically, zinc-ion insertion/extraction and proton insertion/

batteries, such as manganese oxides, vanadium oxides, Prus-, extraction during redox of manganese oxides are the two main- :L‘.\)

TalT bille ThdTogs, €TC. Because of the hTgh TheéoreTicdl cdPpacTly  stream views. Oh and co-workers**** reported the zinc-ion
(308 mAh g! based on single electron transfer between Mn**  insertion mechanism accompanied with a series of single and
and Mn*), nontoxicity, and abundance reserve, manganese  two-phase electrochemical reaction, which involves reversible

Small Methods 2019, 3, 1800272 1800272 (7 of 20) © 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Prussian blue analogs (metal hexacyanofgfrates (MeHCFs)),
as one kind of metal-organic framework materials, possess an
open and tunable crystal structure. The stable and open frame-
work containing large interstitial sites allows the kinetically easy
and fast insertion/removal of guest ions. Liu and co-workers®!
proposed zinc hexacyanoferrate (ZnHCFs) as intercalation
hosts for Zn?*. And yielding an average operation voltage of
~1.7 V versus Zn?*/Zn, which is the highest recorded operation
voltage for aqueous Zn batteries. Furthermore, this group syn-
thesized three rhombohedral phase ZnHCEF particles (cubooc-
tahedral, truncated octahedral, and octahedral shapes)*® and
pointed out that the sample with cubooctahedral shape exerts
the best rate capability and cyclic stability. Besides the zinc hex-
acyanoferrate, copper hexacyanoferrate,[°0¢1l nickel hexacyano-
ferrate,®? and iron hexacyanoferrate/®® can also be employed as
cathode materials for aqueous zinc battery. Unfortunately, the
capacity of Prussian blue analogs is relative low (<100 mAh g™
at 1 C, i.e.,, 60 mA g™, lower than both vanadium oxides and
manganese oxides). Although some of Prussian blue analogs
exert high and flat discharge voltage > 1.5 V versus Zn?*/Zn,

the energy density is still uncompetitive.
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