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2.2  

2.2.1  
 
(1)  

( , , 
) ( , , ) ( , , ) (

, , ) ( , , ) ( , , 
) ( , , )  

( ) ( ) ( ) (
)  

 
(2)  

Trichoderma (Trichoderma viride, Sigma-Aldrich
) Trichoderma (Meicelase, )  

 
(3)pH  

pH (CH3COONa, )  
 
(4)  

( TM , )
 

 
2.2.2  

200 g
(BS-305, , 121 , 20 min)

3 L (50 , 16 h)

3 g 200 mL
( , ) (15,000 rpm, 10 min)

3 g (30 min)
0.2 g 50 mM

1 wt% 20 mL 10 mm 18
(Pulverisette7 classic line, Fritsch ) 600 rpm

10 10 ( 98.9 %) 6  
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Scheme. 3  

Scheme.1  

Scheme. 2  

Scheme. 4  
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2.2.3  

200 μL 2 mL
Trichoderma viride Meicelase 50 mM (pH4.5)

200 μL 50 μL (50 , 
24 h)  
 
 
 
 
 
 
 
 

2.2.4  
 

-D- -D- -D-
(GOD) 4-

15)  
1.33 L 200 L (37 , 5 min)

(SpectraMaxTM190, ) (505 nm)
 

  
 

Scheme. 5  

Scheme.6  
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2.3  

2.3.1  

2.3.1.1  
2-2

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme. 7  

2-2  
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1 mm
500 μm

40 μm
50 μm 10 μm

 

10 10

( )  

 
2.3.1.2  

1)

 2-3

( , , )

(Trichoderma vidide)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 2-3  
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2.3.1.1

 

 

 

2.3.1.3  
  2.3.1.2

2-4  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

100% 50.6%

 

2-4  
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2.3.2
2.3.3

 

 
2.3.2  

 2.3.1
( , 750 rpm)

 
 
2.3.2.1  

 2-5
450 rpm 600 rpm 750 rpm

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
300

2-6  

450 rpm 600 rpm 

750 rpm 

2-5  
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750 rpm 

600 rpm 

450 rpm 450 rpm : 19.1 μm 

n : 300 

: 17.3 μm 

n : 300 

: 15.5 μm 

n : 300 

2-6  
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450 rpm 19.2 μm 600 rpm 17.4 
μm 750 rpm 15.6 μm

16)  

 
2.3.2.2  

 
2-7

(Trichoderma viride)  
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 
 

450, 600, 750 rpm 0.1, 0.2, 1, 2, 10, 
20 mg/mL 1 g (mg/g)

2.3.2.1
-

 

2-7 ( : Trichoderma viride) 
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2-7
2-7

2-8 750 rpm
( )

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-9 Meicelase( )

 

 

 

 

 

 

 

 

2-8 (750 rpm)  
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Trichoderma viride

 
Meicelase Trichoderma viride

2-10 Meicelase 750 rpm
 

 
 
 
 
 
 
 
 
 
 
 

2-9 ( : Meicelase) 
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( )

Trichoderma viride
Trichoderma viride

 
750 rpm

20 mg/mL Meicelase 1 g 192.6 
mg/g 240.0 mg/g

80.3% 80%
10 mg/mL 20 mg/mL

(10 mg/mL )

10 mg/mL
 

 

 
 
 
 

2-10 (750 rpm)  
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2.3.3  

2-11 ( , , ) ( , 
, ) ( , , ) ( , , )

( , , ) ( , , ) ( , , 
) (750 rpm, 1 h) 1 mg/mL Meicelase

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

(
)*2 ( )*2 ( )*2 ( )*2

( )*1 ( )*2 ( )*2 ( )*2

-

 

2-11  

( 1: , 2: , ) 
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( )
2-12 (750 rpm, 1 h) 1 mg/mL 
Meicelase  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 

 2-12  
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2.4  
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2.5  
1) , “ ”, , (2009). 
2) F. Shinji, I. Hiroyuki, Y. Shinichi, S. Tsuyoshi, M. Tomoaki, E. Takashi, S. Shigeki, S. Kinya, 

Journal of the Japan Petroleum Institute, 51, 264 (2008). 
3)  , ,  (2008). 

4) , , , “

”,  (2012). 

5) E. Takashi, Y. Shinichi, I. Hiroyuki, S. Shigeki, Journal of Japan Institute of Energy, 87, 430 
(2008). 

6) T. Thomas, M. Charles, Biotechnology and Bioengineering, 1321 (1977). 
7) K. Minoru, K. Takuji, K. Isao, Biomass , 2, 299 (1982). 
8) N. Maria, M. Paloma, B. Ignacio, O. Jose, C. Araceli, B. Maecedes, Applied Biochemistry and 

Biotechnology, 105 (2003). 
9) A. Mariko, E. Takashi, H. Takahiro, Cellulose, 11, 163 (2004). 
10) C. Vaccarino, R. B. Lo Curto, M. Tripodo, E. Bellocco, G. Lagana, R. Patane, Biological Wastes, 

20, 79 (1987). 
11) T. Melvin, K. Kyoung, N. Mildred, N. Quang, Applied Biochemistry and Biotechnology, 105 

(2003).  
12) J. Mohammand, K. Keikhosro, BioResources, 2, 472 (2007). 
13) E. Takashi, Y. Shinichi, I. Hiroyuki, S. Shigeki, Journal of Japan Institute of Energy, 87, 430 

(2008). 
14) HP, “ , 

http://www.maff.go.jp/j/chikusan/kankyo/taisaku/t_mondai/02_kanri/ (2014 1 20  ) 
15) HP, “ TM ”, 

http://www.siyaku.com/uh/Shs.do?dspWkfcode=298-65701 (2014 1 20  ) 
16) , , , , , 56, 166 (1999). 
 
 
 
 
 

 

 

 



  37 
 

 

 
3.1  

1)

3-1

BSA
2)-

5)  

6

 

 

3-1  
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3.2  
3.2.1  

 
(1)  

( Merck )
 

 
(2)  

Trichoderma (Trichoderma viride, Sigma-Aldrich
)  

 
(3)pH  

pH ( ) ( ) (
) ( ) ( )

( )  
 

(4)  
 (Wako ) (Wako )

( ) ( )
( ) ( ) ( )

 
 
(5)  

PEG4000( ) Tween20 (Wako ) BSA 
(CALBIOCHEM )  
 
(6)  

( ) MilliQ  
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3.2.2  

Cellulase from Trichoderma viride pH
Scheme 3.1 1 wt% 

500 μg/mL pH 50 mM 3-2 2 mL
1 wt% 100 μL 500 μg/mL 50 μL

pH pH 3, 4, 5, 6, 7 50 °C 24
pH 4.0 20, 30, 37, 50, 60 °C 24

(MX-201, TOMY )
15,000 rpm, 4 °C, 10 min GOD

 
 

 
 

 

 

pH
3.0

4.0, 5.0
6.0, 7.0

3-2  

Scheme 3-1  

1 wt% 100 μL

20-60 ,  24 h

500 μg/mL 50 μL

2 mL 

15,000 rpm, 4 , 2 min
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3.2.3  

Scheme 3.2 2 mL 1 wt% 160 μL 20 
μL 100 μg/mL 20 μL

 : 0.8 wt%,  : 10 vol%,  : 10 g/mL 50 °C 24
15,000 rpm, 4 °C, 10 min

 
 

 

3.2.4  
2 mL

2 L 4 °C 1 3
3.2.3  

 

3.2.5  
(BS-305, TOMY

) 10 mL 121 °C 10 min
15,000 rpm, 4 °C, 10 min 3.2.3  

Scheme 3-2  

1 wt% 160 μL

50 ,  24 h

20 μL

2 mL 

100 μg/mL 20 μL

15,000 rpm, 4 , 2 min
 
 



  41 
 

 

3.2.6  

 
 

  AKT Aprime GE Healthcare  
  HiLord 16/600 Superdex 200 prep grade GE Healthcare  
  150 mM  NaCl  

  4 mL 
  1 mL/min 

  5 mL 24 No.1-24  
 

SDS-PAGE 12.5 % Silver Stain KANTO 
 (A)-(E) 5 3 

K Millipore UFC900308  (A)-(E) Mix
40 μg/mL 2

mL 2 wt% 80 μL  (A)-(E) Mix
100 μL 100 μg/mL 20 μL 50 °C
24 15,000 rpm, 4 °C, 10 
min  

 
3.2.7  

X (X’ Pert Pro, 
PHILIPS ) ( FT-IR 6100, JASCO )

1 wt% 8 mL 1 mL 1 
mL 1 wt% 10 mL

 50 °C 24 60 °C
1  

 
3.2.8  

5
3.2.3  

+ (24 h) 
(1 h) (24 h) 
(1 h) (24 h) 

(1 h) (24 h) 
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+ (25 h) 

3.2.9  
3.2.9.1 GOD  

TM ( ) 60 
mmol/L, pH 7.1 5.3 mmol/L 0.13 units/mL 9.0 units/mL 

0.65 units/mL 0.50 mmol/L 4- 2.7 
units/mL 200 μL 1.33 μL 96

37 °C 5 (SpectraMax TM190, 
) 505 nm

1, 2, 3, 4, 5 mg/mL  

 
3.2.9.2  

A B 1:25 A 15 % B 25 g/L 
25 g/L 20 g/L 200 g/L 

80 μL 80 μL 2 mL 10 5
25 g/L 42 g/L 3 g/L

80 μL 1760 μL 15 96
595 nm 25, 50, 75, 100 

μg/mL  
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3.3  

3.3.1  
Cellulase from Trichoderma viride pH

3-1 3-2 50 pH 3, 4, 5, 6, 7
0.0245, 1.20, 1.12, 0.514, 0 mg/mL pH4

pH4.0 20, 30, 37, 50, 60 °C
0.220, 0.534, 0.783, 1.20, 0.0918 mg/mL 50 °C  

pH4.0 50 °C  

 
 

3-1 pH (n=3) 

0

0.5

1

1.5

2

2 3 4 5 6 7 8

[m
g/

m
L]

pH [-]

3-2 (n=3) 

0

0.5

1

1.5

2

20 30 40 50 60 70

[m
g/

m
L]

[ ]
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3.3.2  
3-3

(A) / / (B) / (C) 
0.259, 0.0880, 0 mg/mL (A) (B)

2.9

 
3-4 Lot.1, 2, 3

0.229, 0.228, 0.271 mg/mL
 

 

 

3-3 (n=3) 

0

0.05

0.1

0.15

0.2

0.25

0.3

Cellulase + Saliva Cellulase Saliva

[m
g/

m
L]

A / / 
B / 
C 

A B C

3-4 (n=3) 

0.23 0.23 
0.27 

0.0

0.1

0.2

0.3

0.4

Lot.1 Lot.2 Lot.3

[m
g/

m
L]

n.s.n.s.

Lot.1 2012 10
Lot.2 2013 4
Lot.3 2013 6

n.s. 
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10-1000 μg/mL (+)
(-) 3-5 (+) (-)

500 μg/mL
10-1000 μg/mL (+)

(-) 500 μg/mL

 
10-1000 μg/mL

500 μg/mL

 

 

0-72 3-6
(+) (-)

24
(-) (+) 24 (+)
(-)  

0-24
 

3-5 (n=3) 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 100 200 300 400 500 600 700 800 900 1000 1100

[m
g/

m
L]

[μg/mL]

(+)

(-)
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3-7

0, 0.5, 1, 2, 3, 4 vol% 0.021, 0.069, 0.121, 
0.163, 0.211, 0.235 mg/mL 4 vol% 0.25 mg/mL

 : 0.8 wt%,  : 10 g/mL, 24
4 vol%

 

 

 

3-6 (n=3) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 24 48 72 96

[m
g/

m
L]

[h]

(+)

(-)

3-7 (n=3) 

0

0.05

0.1

0.15

0.2

0.25

0.3

0 2 4 6 8 10 12

[m
g/

m
L]

[%]
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3.3.3  
IGF-1 Insulin-like growth 

fancor-1
7)

 

 
3.3.3.1  

3-8  

20-50 Å
14 kDa 14 kDa

14 kDa IGF-1
14 kDa

 

 
2 14 kDa

 

 
 

3-8 (n=3) 

0

0.05

0.1

0.15

0.2

0.25

0.3

[m
g/

m
L]
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3.3.3.2  
3.3.3.1 14 kDa

 
SDS-PAGE 3-9

Fraction No.9-20
(A)-(E) 5  

(A) 50 kDa Fraction No.10, 11  
(B) 37 kDa Fraction No.12, 13  
(C) 70, 25, 15 kDa Fraction No.14, 15  
(D) 25, 15 kDa Fraction No.16, 17  
(E) 25, 15 kDa (D) Fraction No.18, 

19  
 (A)-(E) Mix

3-10  (A) (B) (C)
0.140 0.159 0.170 mg/mL D E Mix 0.19 
mg/mL

 
14 kDa

 
3.3.2.1 3.3.2.2

14 kDa  
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250
150
100
75

50

37

25

20

15

10

kDa M*
Fraction No.

7      8 9     10 11   12   13   14   15    16   17    18   19   20 21   22

A B C D E

Mix

A: Frac. 10, 11
B: Frac. 12, 13
C: Frac. 14, 15
D: Frac. 16, 17
E: Frac. 18, 19
Mix: Frac. 10-19

3-9 SDS-PAGE  

3-10 (n=3) 

0

0.05

0.1

0.15

0.2

0.25

[m
g/

m
L]

A: Frac. 10, 11
B: Frac. 12, 13
C: Frac. 14, 15
D: Frac. 16, 17
E: Frac. 18, 19
Mix: Frac. 10-19
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3.3.4  
3.3.4.1  

8)-10)

Ⅰ Ⅲ
Ⅲ Ⅰ

11)  
X

 
X 3-11 (+)

(-) (+) (-) 2θ = 
15-18° 2θ = 23° 12)  

3-12
3000-3600 cm-1 OH 2900 cm-1 CH

1100 cm-1 C-O-C
(+) (-)

13)

 

 

 
 
 
 
 

3.12 FT-IR  3.11 X  
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3.3.4.2  

3-13
5 (+) (-)

3-14  
(-) 0.049 mg/mL 0.070 

mg/mL (-)
50 °C 1

 
(+) 0.13 mg/mL 0.15 

mg/mL

(-)
 

 
 

 

3-13  

0 1 25
[h]

Simultaneous

Added cellulase

Added cellulose

Added saliva

Simultaneous (25 hours)
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3.3.4.3  

PEG4000
Tween20 BSA 2)-5), 14)-15)

3.2.3
PEG4000 Tween20 BSA  
PEG4000 Tween20 BSA

3-15 PEG4000 Tween20 2.5, 12.5, 25, 50 mg/mL
PEG4000 50 mg/mL 0.126 mg/mL

Tween20 2.5 mg/mL 0.258 mg/mL BSA
0.005, 0.01, 0.05, 0.1, 0.5 mg/mL BSA 0.01 

mg/mL 0.226 mg/mL  
 

3-16
Tween20 BSA  

 

Tween20 4 % 3-7
Tween20 2.5 mg/mL 3-15

7.75 % Tween20 2.5 mg/mL 3-17

3-14 (n=3) 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

(+) (-)

[m
g/

m
L]

Simultaneous
Added cellulase
Added cellulose
Added saliva
Simultaneous (25 hours)
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0.2 mg/mL
Tween20 Tween20

16)

Tween20  

 

  
 

 
 

3-15 PEG, Tween20, BSA (n=3) 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.001 0.01 0.1 1 10 100

[m
g/

m
L]

[mg/mL]

PEG Tween BSA

3-16 (n=3) 

0

0.05

0.1

0.15

0.2

0.25

0.3

PEG4000 Tween20 BSA (+) (-)

[m
g/

m
L]
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3.3.4.4  

3.3.4.3 Tween20

( 3-18) 
39.7%

 

 

3-17 Tween20 (n=3) 

0

0.05

0.1

0.15

0.2

0.25

Tween20 + Tween20 (+) (-)

[m
g/

m
L]

3-18 (25 , n=3) 
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Kim
/

17) Castanon Helle
18), 19) Kaar Haltzapple

20)

17), 20) Park
3), 18), 19)  

 

 

21

22

39.7% (cmc)
3% cmc

(14 k 100 kDa)

 
 

3.3.4.5  

Tween20
Tween20

 

Tween20 Tween20

2, 23)  
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, 
 

750 rpm, 1 h 1 wt%  
Meiji Seika  40 μg/mL 

50 °C 24  
3-19 (-) 0.482 mg/mL (+) 0.724 mg/mL

 

3 EG CBH
βGL

 

 
 
 
 
 
 
 
 
 
 
 
 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

(-) (+)

[m
g/

m
L]

3-19 (n=3) 
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3.4  

 

 
 

0-24
 

 
 

( 14 kDa 100 kDa )  
 

 

/ /
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4.1  

4-1
1)-6)

7), 8)

 

 
Pt 9)-12)

CO 12)-

16)

(PVP)

 

4-1  
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PVP
 

 
( )   C6H12O6 ( ) + H2O → C6H12O7 ( ) + 2 H+ + 2 e-    

E0 = -0.853 V (vs. NHE)  
 
( )   1/2 O2 + 2 H+ + 2 e- → H2O                

E0 = 0.4703 V (vs. NHE) 
 

( ) C6H12O6 ( ) + 1/2 O2 → C6H12O7 ( )              
E0 = 1.256 V  

 

4.2  
4.2.1  

(H2PtCl6 6H2O, 
99%, ) (HAuCl4 4H2O, 99%, )

( ) n (RuCl3 nH2O, 99%, )
( ) (K2[PdCl4], )

(PVP, Mw = ca. 40,000, )
(NaBH4, )

600 (KB600, EC-600JD, )
Nafion(1- / 7/3, Sigma-Aldrich ) D(+)-

( ) KOH( )  
 

4.2.2  
4.2.2.1  

4.2.1 (HAuCl4, H2PtCl6 , RuCl3, K2[PdCl4])1.32 mM 1.32 
mM PVP PVP 1 [PVP]/[metal]=1

15
5 NaBH4

5 wt% (KB600) 24

120 2  
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4.2.2.2 Pt-Au  
1.32 mM H2PtCl6 1.32mM HAuCl4 Pt/Au 1:1, 1:2, 1:3, 

1:4, 1:5, 1:6 1.32 mM PVP [PVP]/[metal]=0.01, 0.1, 1.0, 10
15

5 NaBH4 Pt-Au
5 wt% (Vulcun, KB300, KB600)

24
120 2  

 

4.2.2.3  
4.2.2.1 4.2.2.2 2 mg 1- ( )

400 μL (W-113, ) 10
10 wt% Nafion ( 1- / 7/3) 20 μL

20  

 
4.2.3 (TEM)  

4.2.2.2 Pt-Au TEM  H-7650
Cu ( EM ) 1.8 L

120 kV TEM TEM
200  

 

4.2.4 (CV)  
(CV)

4.2.2.3 1.5 L  
G0229, 2 mm 0.1 M /0.2 M KOH 

CV Pt  G02282
Ag/AgCl  K0265

HZ5000 20 mV s-1 0.5 V vs. Ag/AgCl +0.5 
V vs. Ag/AgCl  
 

4.2.5  
4.2.5.1 Pt-Au  

4.2.2.3 Pt-Au Fuel 
Cell Earth CCP40 3 cm x 3 cm 100 10

0.5 mg cm-2
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4.2.5.2  
, EFC-50-03 4-1

4-2
(e) 4.2.5.1 (g) Pt/C ,  

EC-E20-10-07, 3 cm x 3 cm (f) Na , 
[ ; ], CIMS, 0.15 mm , 

3 cm x 3 cm (d) 0.3 mm 10 cm x 
10 cm (c)  FC-50-005-B-MP 10 cm x 10 cm

4-2
0.8 mm 0.9 mm 70 

mm 45 (b)
(a)
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(a)                         (b)        

 

 

 

 

 

 

 

 

 

 

 

 

(c)                               (d)  

 

 

 

 

 

 

 

(e) (f) (g)  

4-1  
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a

b

c

d

e f g

b

ac

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 

 

4-2  
 (a) , (b) , (c) , (d) , (e) 

, (f) , (g) .   
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4.2.6  
PVP Pt-Au 4.2.2.3

4.2.5.1 4.2.5.2
0.2 M /1.0 M KOH 10 mL /min

2 L/min - I-V
- I-W PEM test8900DM

 
 

4.3  
4.3.1  

(Pt, Au, Pd, Ru)

4-3 0.5 V vs. Ag/AgCl +0.5 V vs. Ag/AgCl 
Pt +0.15 vs. Ag/AgCl 

Au
+0.3 V vs. Ag/AgCl D. Basu

13)-16) 4-4 4-5 Pt
-0.2 V vs. Ag/AgCl

(A1) +0.15 V vs. 
Ag/AgCl Pt

(A2) Au -0.2 V vs. Ag/AgCl Au
(A1) +0.3 V vs. Ag/AgCl

(A2) Au
+0.4 V vs. Ag/AgCl Au

+0.2 V~ +0.3 V vs. Ag/AgCl (C1)
Au O2- Au

Pd
 Ru

Pt Au
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4.3.4 PVP  
4.3.4.1 PVP Pt-Au TEM  

4.3.2 Pt-Au Pt / Au = 1 / 4

PVP 4-9 PVP Pt-
Au TEM  
 

4-9 PVP Pt-Au TEM  
[PVP] / [metal] = (a, e) 0, (b, f) 0.1, (c, g) 1, (d, h) 10, (Pt-Au 2 x 10-4 M). 
 

PVP
4-9(a) 3.1 nm 1.32 nm

4-9(e) PVP TEM PVP

[PVP]/[metal]=1 4-9(b)-(d)
PVP

[PVP]/[metal]=10 1.4 nm 0.6 nm
4-9(f)-(h)

PVP
[PVP]/ [metal] 1
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4-10 PVP Pt-Au
TEM  
[PVP] / [metal] = (a, e) 0, (b, f) 0.1, (c, g) 1, (d, h) 10, (Pt-Au 2 x 10-4 M). 
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4-10(a) PVP KB600
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PVP 4-11 (b) PVP
Pt-Au 7 mA cm-2 PVP
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[Glucose] = 0.2 M, [KOH] = 1.0 M, sweep rate = 20 mV s-1.  
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4.3.4.3  
PVP Pt-Au

 Pt /C 0.2 M 1.0 M KOH
4-12 PVP

- (I-V) - (I-W)
(0 x PVP) < (10 x PVP) < (1 x PVP) 1 x PVP 0.38 V

12.7 mW cm-2   

4-12 PVP Pt-Au
- (I-V) - (I-W)  

[Glucose] = 0.2 M, [KOH] = 1.0 M, anode :Pt-Au / C (loading : 1 mg cm-2), cathode : Pt / C.   
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4.4  

PVP  
 

 

 
(Pt, Au, Ru, Pd) Pt

Au
Pt Au Pt Au

Pt:Au=1:4
 

 
Pt-Au  

(KB 300, KB 600, Vulcan) Pt-Au ,
KB 600

KB 600 g

 
 

PVP  
PVP Pt-Au

PVP [PVP] / [metal]  1 Pt-Au

[PVP] / [metal] = 1 10 mA/cm2 2 nm Pt-Au
PVP [PVP] / [metal] = 10

4 mA/cm2 PVP
PVP
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1), 2)

5-1

3)

4)-9)

10)-19)

3) Pt-Au 10)

I/C
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5.2  
5.2.1  

5-1
UP 7 cm 

x 7 cm 3D CAD

 

 

5.2.2  

(Fuel Cell Earth CCP40  TGP-090
3 cm x 3 cm 4.2.2.2 Pt-Au

4.2.2.1 Pt 0.5 mg 
cm-2

 
 
 
 

5-1  
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5.2.3   
5.2.3.1  

3 cm x 3 cm 
7 cm x7 cm 5.2.2

0.5 mg cm-2 (7 cm x 7 cm) 
Pt-Au (KB600) 5 wt%   

 

5.2.3.2  
Pt/C  EC-E20-10-07, 3 cm x 3 cm

4.2.2.1
Pt Pt (KB600) 5 wt%

 5.2.2 0.5 mg cm-2

(7 cm x 7 cm)   
 

5.2.4  
Na , 

[ ; ], CIMS, 0.15 mm , 
18)

Cl , 
[ ; ], ACS, 0.13 mm ,  

 

5.2.5  

5.2.1
0.2 M /1.0 M KOH 1.25 , 

2.5, 5, 10 mL /min 0.25, 0.5, 1, 2 L/min

 
 

5.2.6  

0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 M
1.0 M KOH 5 mL/min

2 L/min - I-W
PEM test8900DM  
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5.2.7  
5.2.7.1  

5.2.3.1 5.2.3.2
Na , [ ; 

], CIMS, 0.15 mm , 7 
cm x 7 cm 0.3 mm 10 cm x 10 cm

5-2

 
 

 

5-2  

 
5.2.7.2  

5.2.7.1 0.2 M 
/1.0 M KOH 10 mL /min

2 L/min OCV (
, CD771 ) - I-W

PEM test8900DM  
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5.2.8  
5.2.7 (EPsolar

Tracer1215BN) 12 V (LONG , GEL  LG7-12, 12 V 7 Ah)
(KNF , FEM1.10FT.18S2)

5-3  

 

5.2.9  
5.2.8

12V 7Ah DC12V 1 8.4
Wh( ) 5.2.8

5-4

14.4V 14.4V

 

5-4  

5-3  
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5.2.10  

Pt-Au
[C4], [C5], [C6]

β-1.4 [C6-C6] 1 M KOH
0.2 M -  
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5.3  
5.3.1  

5-5

20)  
( )   C6H12O6 ( ) + H2O → C6H12O7 ( ) + 2 H+ + 2 e-    

E0 = -0.853 V (vs. NHE)  
( )   1/2 O2 + 2 H+ + 2 e- → H2O                

E0 = 0.4703 V (vs. NHE) 
( ) C6H12O6 ( ) + 1/2 O2 → C6H12O7 ( )            
 E0 = 1.256 V  

 

18)  
( )   C6H12O6  ( ) + 2 OH- → C6H12O7 ( ) + H2O + 2 e-    
 E0 = -0.853 V (vs. NHE) 
( )   1/2 O2 + H2O + 2 e- → 2 OH-               
 E0 = 0.4703 V (vs. NHE) 
( ) C6H12O6  ( )+ 1/2 O2 → C6H12O7 ( )          

E0 = 1.256 V 
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(I-W) - (I-V) 5-5 5-6

0.9 V
7.4 mW/cm2

0.38 V 19.4 mA/cm2 0.92 
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mA/cm2
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19)
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5.3.3  

5-9 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 M
1.0 M KOH 5 mL/min

2 L/min 0.4 ~0.5 M
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5.3.4 (I/C )
 

20) I/C
5-10 I/C =0.1

( 13.9 mW/cm2) Pt-Au
Basu 16)

Pt-Au 5 nm Pt-Au
PVP 2 nm

Vulcan
KB600

KB600 g

I/C 0.1 I/C 0.1

I/C (0.1) 19), 20)

20)
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5-10 I/C (a) - (b) -
 

( )0.4 M /1 M KOH ( 5 mL/min)  
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5.3.5  
Pt-Au

- 5-11 Pt-
Au/C / Pt/C
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5-12  

5.3.6.2  
5.3.5.1 20

12V
0.8 0.9 V

16 18 V 4 6V

ABS 5-13
16 V  
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5-14
 

5-14 -  
( ) 0.4 M / 1 M KOH ( 5 mL/min) , 

          ( ) ( 2 L/min),  
          , I/C = 0.1, 
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1.5 L
5-14  

#
#

(n=10) 10
1 20 2

19
0.88 0.012 V: Mean SD

#2 #19
0.79 0.018 V Mean SD  
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14 2

8.4 Wh 12 V 7 Ah

230 ( 5-16) 

5-16 (SOC; State of Charge)  
SOC 100%
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5.3.7.2  
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5.4  

Pt-Au

( )
 

 
 

I/C =0.1 Pt-Au(1:4) ( 5 wt%)
0.4 M /1.0 M KOH

5 mL/min 2 L/min
13.9 mW/cm2  

 
 

8.4 Wh 12 
V 7 Ah 230
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750 rpm
20 mg/mL Meicelase ( )1 g
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(PVP)
 

(Pt, Au, Pd, Ru)
Pt Au

Pt Au Pt-Au
Pt:Au=1:4 5

Pt-Au
(PVP) PVP

[PVP] / [metal] 1 Pt-Au
10 mA/cm2 PVP [PVP] / [metal] = 10

PVP
PVP

 
 Pt-Au

Pt:Au=1:4
I/C

 
I/C =0.1 (0.4 M /1.0 M KOH

) 5 mL/min 2 L/min
13.9 mW/cm2

Pt-Au
:20 8.2 Wh

12 V 7 Ah 230
( )

 
 

( )

PVP [PVP] / [metal] 1 PtAu4 (
2.1 nm) I/C =0.1 ( 0.5 mg/cm2)

( )
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Pt-Au

1/5
( )
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