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Abstract

The electrochemical behavior 9fMnO; in lithium hydroxide (LiOH) and potassium hydroxide (KOH) aqueous media has been studied
using slow-scan cyclic voltammetry (25/s71) in conjunction with X-ray analysis (XRD) and scanning electron microscopy (SEM). The
reduction ofy-MnO, in aqueous LiOH results in intercalation of'Lfiorming a new phase of lithium intercalated MpQ.i.MnO,). The
process is found to be reversible. In this regard, the reductionMhO, in LIOH is quite different from that in agueous KOH, which is
irreversible and no lithium intercalation occurs. This difference in behavior is explained in terms of the relative ionic sizesuod K.

The Li,MnO; lattice is stable only for LY because L'i and Mrf* are of approximately the same size wherea8lKO, is not stable because
K* has almost double the size.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In this paper, we report the results of a subsequent study,
specifically focusing on the mechanism of the intercalation
Manganese dioxide (Mn£)is commonly used as a cath- reaction. A cyclic voltammetric (CV) study together with
ode in aqueous zinc/Mnfbatteries, which use KOH as the characterization by specialist techniques like X-ray diffrac-
electrolyte. MnQ undergoes reduction through a mechanism tion (XRD) and scanning electron microscope (SEM) of the
involving proton insertion into the Mnfstructure. In are-  materials that are formed during the electrochemical dis-
cent papefl], we reported that when MnQs discharged in ~ charge ofy-MnO;, is carried out.
cells containing aqueous LiOH electrolyte the mechanism is
quite different, i.e. instead of Hinsertion Li" intercalation
into the lattice of the hos{-MnOs occurs. This intercalation

was shown to be reversible. This finding is interesting be-  The cell design, experiment details, and the method of

rechargeablg-MnO, cathode. elsewherdl,2].

2. Experimental

2.1. Slow-scan cyclic voltammetry
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(12 mm diameter with 1 mm thicknesg}MnO, mixed with
conductive carbon (A-99, Asbury, USA). This disk was em-
bedded into a Pt gauze through which the electric contact was
made. The counter electrode was a Zn foil, which was sep-
arated from the main electrolyte by means of a porous frit.
A saturated calomel electrode (SCE) served as the reference
electrode. The electrolyte was a saturated solution of lithium
hydroxide. The working electrode was cycled between 0.4
and—0.6V at 25V s~ scan rate. On each occasion the po-
tential scan started at 0.4V, moving initially in the cathode
direction. At appropriate points of the experiment, the cath-
ode material was removed from the solution, washed with
water and characterized by XRD and SEM analysis. All the
cyclic voltammetric experiments were done by using EG&G 600 400  -200 0 200 400
Princeton Applied Research Potentiostat/Galvanostat model
273A, operated by model 270 software (EG&G). All poten-
tials were measured with respect to a saturated calomel elecFig. 2. Cyclic voltammogram of-MnO; in LiOH for the repeated cycles,
trode. All the electrochemical measurements were carried outpotential scanned at 268/ s™* from +0.4 to—0.6 V and back.

at ambient room atmosphere (25L°C).

The products formed during the cathodic scan were char- potential region +0.4 t6-0.6 V. The cathodic and anodic
acterized by X-ray diffraction and scanning electron mi- peak currents decreased slightly up to about 10 cycles and
croscopy. For X-ray analysis a Siemens X-ray diffractometer then tended to stabilize suggesting that the material could
using Philips Co I radiation was used. A (Philips Analyti-  be reversibly reduced/oxidized over a number of cycles. To
cal XL series 20) scanning electron microscope was used forconfirm that the anodic peak corresponded to the reduction
surface analysis investigations. reaction at—480mV, the following experiment was done.

They-MnO; was scanned cathodically up 6480 mV and
then held constant at that point over 20, 40 and 60 min. At the

Current/ mA

600
Voltage vs SCE / mV

3. Results and discussion end of the holding potential, the scan was reversed and the
anodic peak current measured. The data is shov#ign3.

Fig. 1shows the first cyclic voltammogram¢MnO, un- Clearly, as the time for which the electrode is held at constant
der the conditions noted in the figure. As can be se€ignL, potential 480 mV) the corresponding anodic peak current
the CV profile consists of a reduction peak & —480 mV increases. This observation confirms that the electro reduc-
and its corresponding anodic peak at —160 mV. A small tion of y-MnO, was reversible. The ratio of the charge under
shoulder at 46 mV is also seen during the scan in the anodicth® Peaks €and A is 0.81 suggesting that the reaction is
direction. 81% reversible.

Fig. 2shows the changes in the CV profile when the ma-  There is a substantial body of literate-6] relating to
terial is subjected to continuous cycling (20 cycles) in the Performance characteristics of Maln alkaline aqueous
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Fig. 1. Cyclic voltammogram o§-MnO; in LiOH for the first cycle, poten- Fig. 3. Cyclic voltammogram ofy-MnO; in LiOH, potential held at

tial scanned at 2gV s~1 from +0.4 to—0.6 V and back. —480 mV. Time in figure indicates the (holding time) lithium concentration.
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Fig.5. X-ray diffraction patterns changesyMnO, after the cyclic voltam-
Voltage vs SCE / mV 9 y P gese N

metry studies in an aqueous battery{ayinO, (before discharge), (b) re-

duced at—480mV in LiOH media and (c) reduced at584 mV in KOH
Fig. 4. Cylic voltammogram of-MnO; in KOH for the potential scanned media.

at 25pV s~1 from +0.4 to—0.6 V and back.

MnO; cells containing potassium hydroxide (KOH) as the I'\_AQ_OZ '?“ate“al'- Tge p&alz)at 3.32 C.O:Jk_jl_hb.e _ass_igr_wled to
electrolyte. The behavior of the Mrn aqueous LiOH can ithium intercalated (LIMnOz) material. This is similar to

be compared to KOH by referririgig. 4. The data for both that reported fory-MnO in non-aqueous lithium cells by
the electrolyte were obtained under identical conditions. The Aurbach and co-workers.0]. However, in the case of KOH

CV’'s of MnO» in the two electrolytes are quite different. eIectr'onte,Fig. %, all the characteri;tic pegks frMnO;
While, the reduction peak in KOH occurs a684 mV, the remained unchanged except for a slight shift to lowkval-

cathodic peak in the presence of LiOH isat80 mV. Based Y¢S Ce<_jar and C(_)-work_e[fs}] hz_ave explaingd this in_ terms
upon what is known in literature, for KOH electrolyte the ca- of the dgference ,'n,the 'Oﬂ'c size of the *La.nd K |ons.h
thodic peak has been assigned to the formation of MngOH) As can be seen IfFig. 6, t erMnOZ IS an inter growt
[6,7] and the corresponding anodic peak-dt38 mV to the of ramsdellite (R) and pyrolusite (P). The Mn(IV3@cta-
oxidation of Mn(OH} to a variety of Mi* intermediates hedra of ramsdellite are linked into double chains, each of

. : hich consists of two adjacent single chains that share oc-
including y-Mn203, y-MnOOH andB-MnOOH [6-8]. The w : .
reduction/oxidation processes for Mp(d aqueous KOH are tahedral edgefL0,11} These double chains having tunnels

not reversible, and hence the Mpf®@OH system could only with rectangular-shaped cross sections accept trév L)

be used for non-rechargeable batteries. For LiOH electrolyte,
we have assigned the peak-a480 mV to the formation of
lithium intercalated LiMnO; phase and the corresponding
anodic peak is reverse of this reaction. As noted earlier MnO
in agueous LiOH can withstand repeated reduction/oxidation
(Fig. 2 and hence has the potential for being used as a cathode
material in rechargeable batteries.

In order to determine the products formed during reduc-
tion of MnO; in both LiIOH and KOH electrolyte, the products
were characterized by XRD and SEM analysis. The data is
shown inFigs. 5-9Fig. 5compares the XRD patterns of the
v-MnO; before reductiofrig. 5a, and of the material formed
on its reduction in LIOH Eig. 5b) and in KOH fig. 5¢). The
material before reduction showed diffraction lines, charac-
teristic ofy-MnO; at the 2 angle of 16.3, 19.7 and 29.7. A
small peak at 31 which is characteristic of diffraction line
for B-MnO2 [9] is also seen indicating that the materials
contained some contamination@®MnO, phase. As can be
seen inFig. S, the reduction of-MnO; in LiOH resulted Lithium insertion
in elimination of they-MnO, diffraction pattern (2=16.3, site
_19'7 and 29.7). Only one peak a1231.2 emerged. Thus' Fig. 6. Schematic diagram of the (a) P: pyrolusite, (b) R: ramsdellite and (c)
it could be concluded from these results that the discharge,.mno,, an inter growth between ramsdeliite (R) and pyrolusite (P) shown
process completely changed the structure of the stagting in (001) plane.
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Fig. 7. SEM micrograph of the-MnO, cathode (as-received from Sigma—
Aldrich).
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Fig. 8. SEM images of thg-MnO; cathode (a) after reduction a80 mV
and (b) after oxidation via cyclic voltammetry in LIOH media.
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Fig. 9. SEM images of the-MnO; cathode (a) after reduction a684 mV
and (b) at oxidation via cyclic voltammetry in KOH media.

cation, which is approximately the same size as that of Mn,
the columbic interactions dominate and hence the structure
is stable for insertion/extraction of lithium ions. However,
the size of the K ion is twice as that of Li; therefore, the
insertion site inFig. 6is not stable as the electrostatic en-
ergy of the structure is diminished. Hence, unlike fof thie
intercalation of K is not possible in thg-MnO, structure.

The surface morphologies of the materials formed during
reduction and oxidation of-MnO, in LiOH and KOH elec-
trolytes were determined by scanning electron microscopy.
The SEM micrograph of thg-MnO, before subjecting to
reduction/oxidation is shown iRig. 7. As can be seen from
this micrograph, the material was crystalline of particle size
20-25pm. The new phase (LMnOy), which was formed on
reduction,Fig. 8a, had a much finer particle size (5wih)
compared to the original material. The subsequent oxidation
of the reduced material produced a phaisig.(8) whose
characteristics were quite similar to that of the original
MnO; (Fig. 7). This particle size was 15—2(m. Thus, the
reduction/oxidation was almost reversible. This contrast with
the material formed after reduction/oxidation cycle f
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MnO- in KOH (Fig. 9a and b). As can be seen in KOH the Science and Technology Organization (ANSTO) is also
v-MnO, underwent an irreversible change during the cycle. acknowledged. The author (M. Minakshi) would like to
thank Ken Seymour, Stewart Kelly and Peter Fallon, all of
Murdoch University for their technical support in carrying
4. Conclusions out some of the experiments.
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