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Development of Novel Na-storage Compounds and
Their Application to Rechargeable Battery Anode
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Abstract

I AT

Hiroyuki Usui

W 48

Hiroki Sakaguchi

Na-ion battery (NIB) operates by storage/extraction reactions of Na ions similarly to Li-ion battery
(LIB), while it requires a different material design from LIB due to larger ionic size of Na ions than Li
ions. With respect to LIB, we have developed various anodes of metal-, alloy-, and oxide-based
materials. Taking advantage of the knowledge about our LIB anodes, we have recently developed
Nb-doped rutile TiO,, SnO, Sn—P, and SiO as new NIB anode materials. In this report, we suggest
new material design from the view point of various physical properties of these anode materials.
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Fig.1 (a) SEM image of rutile TiO, synthesized by a sol-gel method. (b) Changes in lattice parameters of rutile TiO, during the
first charge—discharge cycle?®'). (c) Schematic configuration of TiO» crystal structure during Na-insertion/extraction.
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Fig.2 Possible occupation sites of Na in Nb-doped rutile
TiO? structure. Na occupies an octahedral oxygen-
coordinated interstitial site. The Na* insertion results
in strong distortion of lattice along ab in-plane
direction, leading to the anisotropic lattice
expansion®"). Nb atoms randomly substitute for Ti
atoms.
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Fig.3 (a) Cycling performances of the rutile Ti; _xNb.O thick-film electrodes cycled at 50mA g~ (0. 15 C). (b) Rate capability of
the Ti1 _NbxO, electrodes under various rates from 20mA g~ ' (0.06C)to 1.0A g ' (3.00).
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Fig. 4

Electrode performances of thick-film electrodes consisting of Tis_\Nb,O, with rutile and anatase structure as (a) Na-ion

battery anode and (b) Li-ion battery anode. For comparison, the figures show results for thick-film electrodes of

commercial rutile and anatase TiO».
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Fig.5 Capacity retention of thick-film electrodes
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For comparison, this figure shows the results of P
electrode and Sn electrode.
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Schematic illustration of SiO with silicon clusters and SiO,. Our group previously reported that SiO being an amorphous
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and that the Si clusters are finely dispersed in the SiO, matrices®). (b) Correlation between crystallite sizes of Si and
reversible capacities obtained from the SiO electrodes at the first cycle®.
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The Possibility of a General-Purpose Separators Application in
Vanadium Redox Batteries

WAH EE T ARH

Masaaki Kubota

Yosuke Masuda

Abstract

= 1L I I o

Hidetoshi Abe

We studied whether ion-exchange membranes can be replaced by general-purpose separators
for the purpose of reducing the material costs of the flow-less vanadium redox batteries.
Generally, it has been considered that it is impossible to replace these materials because of the
completely different functions. However, we found that it is possible to replace general-purpose
separators to ion-exchange membranes by using porous polyethylene separators for lead-acid

battery.
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A high capacity thick cathode is expected a one of methods to improve energy density of lithium
secondary battery. Thick cathodes were prepared by using porous aluminum current collector.
We investigated the electrochemical properties of thick cathodes using LiNio.s Coo.2 Mng 50, filled
into porous aluminum current collector. The cathodes had several times larger capacity than
conventional cathodes using aluminum foil as current collector and also exhibited a good rate
capability and a high charge-discharge cycle performance.
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Abstract

In the Great East Japan Earthquake, we were aware of necessity of the portable power source
for emergencies. At the same time, we developed non-combustible Magnesium-air battery,
having good points; light weight, large capacity, long storage time, zero emission, and generates
electricity only by filling water. In this project, we developed Magnesium power source combined
with Lithium-ion battery for AC 100V equipment. Water supply is easy, completed in 20 cells by

only twice. It is confirmed this system is possible to operate from 0 °C to 45 °C.
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Table1 Result of product evaluation test
Test 25C 45°C 0ocC 25C
condition series series series parallel
Approx. Approx. Approx. Approx.
Mg voltage 1V 11V 1V 10.5V
Me current 6.73A 7.71A 7.17A 3.71A
(gensit) (58.67 (67.19 (62.50 (16.18
*Maximzm mA/cm?) mA/cm?) mA/cm?) mA/cm?)
~ 2hr ~1hr ~2.5hr ~5hr
Mgoutout | 25 2\ | gogw | s4.1w | 38.7w
Maximum
Ic:;)Crrgrg 1.22A 1.40A 1.28A 0.58A
Lo 61.1W 68.9W 65.8W 29.5W
Maximum
Exchange | 29 70, 76.7% 78.2% 76.2%
efficiency
tg:scérr‘:tyj; 90°C 95°C 90°C 68°C
empe ~ 3hr ~ 3hr ~5hr ~ 8hr
Maximum
Mg output 740Wh 743Wh 723Wh 598 Wh
energy 16hr 19hr 12hr 20hr
H2density | 5 5019 | 3.1 vol% | 3.7vol% | 3.9 vol.%
Maximum
Licharee | s76wh | s70wh | s60Wh | 460Wh
energy

7
Fig.7 Condition of product evaluation test
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Development of Second Generation UltraBattery
for Micro Hybrid Electric Vehicle

Y
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Abstract
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Jun Furukawa

We have developed second generation UltraBattery corresponding to severe charge-discharge
condition of micro hybrid electric vehicle equipped with acceleration assist function. Second
generation UltraBattery have achieved more than three times long lifetime in comparison with
previous UltraBattery for lifetime test under the assumption that micro hybrid electric vehicle
driving with acceleration assist because of improvement of positive electrode durability and

charge acceptance.
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Fig.2 NEDC and charge-discharge control for Micro
hybrid system with acceleration assist
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Fig.7 Charge acceptance test at several SOC
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Fig.8 Charge acceptance test at several temperature
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Effect of Cured Plate Density and Amount of Tribasic Lead Sulfate on Utilization and
Deep Cycle Ability of Positive Active Material in Lead/Acid Batteries

N
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Abstract

ERG

i

Hiroaki Furukawa

mIl T

Jun Furukawa

The effect of cured plate density and amount of tribasic lead sulfate on utilization and deep cycle
ability of positive active material (PAM) in lead/acid batteries was investigated. By measuring the
distribution of the pore volume in PAM, it was found that the volume of the macropores with
diameters larger than 0.1 um is increased in association with the depression in cured plate
density. While on the other hand, it was found that the volume of the micropores with diameters
smaller than 0.1um is increased in association with amount of tribasic lead sulfate. The
increment in pore volume made improvement of the active material utilization and degraded the

cycle ability.
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Fig.1 Relationship between cured plate density and
specific surface area of active material.
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Fig.5 Relationship between cured plate density and
cycle life.
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Table2 Cured plate density
Cured plate type 1 2 3 4 5 6
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Stationary Lead Acid Battery for Emergency Diesel Generator
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Introduction of Battery Analyzer for Vented Nickel Cadmium Battery
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