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1. Introduction 

Inthisresearchsection,We studyonelectrochemistry, 

materials science, genetic engineering and protein engi-

neering. We also apply them to the developments of effi-

cient metal plating processes, new secondary batteries 

and efficient bioethanol production processes. 

In this fiscal year, we have researched an electrodep-

osition process of tungsten, sodium and potassium sec-

ondary batteries using ionic liquids, and an efficient bio-

ethanol production process using ionic liquids. 

2. Development of New Plating Processes of Tungsten 

Using Molten Salt Electrolytes 

Tungsten is a metal with excellent properties such as 

high heat resistance, high strength, and low thermal ex-

pansion. Therefore, it is used in a variety of applications, 

including carbide tools, heat sinks, and divertors in nu-

clear fusion reactors. However, due to its hardness and 

brittleness, tungsten is difficult to process into complex 

shapes and thin films. If tungsten can be plated on sub-

strates with good processability, the range of applications 

will be greatly expanded. Thus, electrodeposition of 

tungsten in high-temperature molten salts has been inves-

ti gated as one of the promising plating methods [ 1-3]. 

We have already reported the electrodeposition of a.-
W films in molten KF-KC1-W03 at 923 K and mixed 

phase films of a.-W and(J-Win molten CsF-CsCl-W03 

at 873 K [ 4]. We also reported that(J-W films with mir-
ror-like surface were electrodeposited in molten CsF-

CsCl-W03 at 773 K [5]. As continuing research, in this 

fiscal year, we investigated the effect of bath temperature 

on the smoothness and crystal structure of W films elec-

trodeposited from molten CsF-CsCl-W03. 

Fig. 1 shows the samples obtained at 6-25 n訊 cm―2

and 773-923 K. At 25 mA cm―2 and 773 K, no W deposits 

were obtained due to co-deposition of Cs metal fog be-

cause the potential during electrolysis was close to O V 

with respect to Cs+/Cs potential. Under other conditions, 

gray or silver-colored deposits were obtained. The results 

ofXRD analysis showed that all electrodeposits were me-

tallic W. Interestingly, only(J-W was detected below 823 

K, both a.-W and(J-W were detected at 873 K, and only 

a-W was detected at 923 K. This indicates that the crystal 
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Fig. 1. Optical images of the samples obtained by galvanostatic 

electrolysis of Cu plate electrodes at various current densities 

and temperatures in molten CsF-CsCl-W03 (1.0 mol%). 
Charge density: 90 C cm-2. 

structure of W electrodeposited varies with bath temper-

ature. At 6 mA cm―2 and 773 K, a mirror-like surface was 

obtained, indicating that the surface of the electrodepos-

ited W film was highly smooth. The reason for the 

smoother surface at lower bath temperatures is speculated 

to be due to the crystal structure of /J-W and the suppres-

sion of crystal growth. 

3. Development of Sodium and Potassium Secondary 

Batteries Using Ionic Liquid Electrolytes 

The establishment of zero-carbon society requires the 

popularization of renewable energy and large-scaled en-

ergy storage devices. Although current lithium-ion batter-

ies (LIBs) have been considered to the candidates be-

cause of their high energy densities, scarce lithium re-

sources and flammable organic solvents are used, possi-

bly leading to a major barrier to further distribution as 

large-scaled batteries. Our group has focused on sodium 

and potassium secondary batteries using ionic liquid elec-

trolytes because sodium and potassium resources are 

abundant in the earth's crust and ionic liquids possess 

high safety such as negligible volatility and non-flamma-

bility [ 6, 7]. 

In this fiscal year, we investigated charge-discharge 

performance of Hard carbon/NaCr02 full cell using 

Na[FSA]-[C3C,pyrr][FSA] ionic liquid electrolytes 

(FSA= bis(fluorosulfonyl)amide, C3C,pyrr = N-methyl-
N-propylpyrrolidinium) with various Na+ concentrations 

(C(Na+)= 1.0-2.2 mol dm―3). As reported in our previous 
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study [6], the highly concentrated electrolytes conferred 

the superior rate capability. Then, in-situ Raman spec-
troscopy was attempted, revealing that the Na+ ion short-

age hardly occurred at the electrode/electrolyte interface 

for the highly concentrated electrolytes. We also tried to 

improve the performance of graphite negative electrode 

in K[FTA ]-[ C心 pyrr][FTA] ionic liquid (FTA = 

(fluorosulfony 1)(trifluoromethy lsulfony l)amide, 

C心 pyrr= N-butyl-N-methylpyrrolidinium). By chang-

ing the binder material from PVdF to CMC (PVdF = Pol-

yvinylidene difluoride, CMC = Sodium carboxymethyl 

cellulose), initial reversible capacity and coulombic effi-
ciency increased from 227 to 267 mAh g―1 and 55 to 85%, 

respectively. As shown in Fig. 2, stable cycle perfor-

mance was obtained for 30 cycles with negligible capac-

ity decline. 
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Fig. 2. Cycling properties of a K/graphite cell using 

K[FTA]-[C心 pyrr][FTA]electrolyte and 313 K. Cur-
rent rate: 0.lC rate(= 27.9 rnA g―1). Binder: CMC. 

4. Efficient Bioethanol Production from Lignocellulo-

sic Biomass Using Ionic Liquid 

Pretreatment with ionic liquid was known to be im-

proved yields of sugars from lignocellulosic biomass. On 

the other hand, ionic liquid was deleterious for growth of 

microorganisms including yeast. 

We have recently isolated several mutant strains of 

yeast with enhanced tolerance to an ionic liquid, 1-butyl-

3-methylimidazolium chloride ([Bmim]Cl) in order to 

improve fermentation efficiency in the presence of ionic 

liquid by means of "adaptive laboratory evolution" [8] 

and conventional UV irradiation. 

In this fiscal year, we first performed whole genome 

analysis of mutant strains obtained by conventional UV 

irradiation to identify genetic mutations. ATP synthase 

genes (ATP 1 and ATP2) were identified as candidates for 

mutations to improve ionic liquid tolerance, in addition 

to genes already known to confer ionic liquid tolerance, 

PTK2 and SKYJ. ATP 1 and SKYJ or ATP2 and PTK2 mu-

tations were introduced into the recombinant xylose fer-

menting yeast (SK-Nl). These strains showed ionic liq-

uid tolerance to growth (Fig. 3) and ethanol fermentation 

(Fig.4), conforming that ATP 1 or ATP2 mutations, along 
with SKY] or PTK2 mutations, emphasized ionic liquid 

tolerance. 
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Fig. 3. Growth in the presence of 300 mM  [Bmim]Cl. 
ATP I and SKY] mutated strain: square, ATP2 and PTK2 

mutated strain: circle, SK-N l: triangle. 
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Fig. 4. Ethanol fermentation from glucose and xylose 

containing medium in the presence of 300 mM  

[Bmim]Cl. ATP 1 and SKY] mutated strain: square, 

ATP2 andPTK2 mutated strain: circle, SK-Nl: triangle. 
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