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The discharge capacity and energy density of direct fuel cells using glucose, mono-, and di-saccharides, and derivatives
such as gluconic acid and glucaric acid were studied. The cells were composed of a PEDOT:PSS, PtRu and SWCNT
composite anode/dialysis membrane separator/Pt cathode. The discharge capacity and energy density of fuel cells are
important factors in investigating the electro-oxidation process of fuel molecules. Gluconic acid has been considered to
be a reaction product of the glucose fuel cell through two electron transfer. However, the gluconic acid was found to be a
fuel with a maximum power density of 15 mW cm™, which was half of that of glucose fuel cell. The discharge capacities
of glucose and gluconic acid indicated the transfer of more than 12 and 10 electrons, respectively. The energy density of
the glucose fuel cell was 803 Wh kg!, which corresponds to 18% of the theoretical energy density involved in the
complete oxidation of glucose, accompanied by the transfer of 24 electrons to 6CO,. These results indicate that glucose

is considerably electro-oxidized to more derivatives than glucaric acid via multi-electron cascade oxidation.
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Fig. 1 Chemical structures of monosaccharides'
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Fig.2 Chemical structures of disaccharides

(b) Maltose

Table 1 Combination of monosaccharides, bonds,
reducibility and their enzymes for disaccharides

Di- Monhoaaccharides Glycosidic Reduci-
saccharides Bonds bility

Cellobiose B- glucose  B- glucose B(1-4) Cellobiase
Maltose a- glucose  a- glucose a(1-4) y Maltase
Isomaltose a- glucose  o- glucose a (1-6) ¥ Maltase
Trehalose a- glucose - glucose a(1-1) n Trehalase
Sucrose a- glucose  B- fructose  Glu-a(1—2)B-Fru n sucrase
Lactose B- galactose  o- glucose  Gal-B(1-4) -Glu y Lactase
Melibiose a- galactose  a- glucose  Gal-a(1—6) -Glu y Melibiase
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Fig3 Electro-oxidation processes of glucose to gluconic acid,

Sorbitol is reduced form of open form glucose.
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Fig.4 A possible oxidation scheme for glucose to CO2
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Table 1 Eo and Pnax In various saccharides and the
related materials

Bri Prnax
("Z)X £ (V) (mWem)

D-Glucose 15 0.97 30.8
L-Glucose 14 0.96 30.7
D-Galactose | 1.5 0.96 31.0
D-Fructose 14 0.90 11.0
Maltose 2.7 0.97 12.5
Isomaltose 2.7 0.95 13.9
Cellobiose 2.7 0.96 11.5
Lactose 2.8 0.98 15.4
Melibiose 2.7 0.96 16.1
Sucrose 2.7 0.22 0.17
Trehalose 2.7 0.12 0.20

Fuel Saccharides

Monosaccharides

Disaccharides

. Gluconic acid 0.88 15.9

Oxidized Glucose
Glucaric acid 0.76 26.0
Carboxyl Acid Acetic Acid 0.84 22.8
Artificial Sorbitol 1.4 0.79 28.8
Sweeteners Sucralose 3 0.12 0.08
#DT220414 0.1M Saccharides/1M KOH Circulated by

2mL/min
35
#DT220414

(mW cm)

Pm ax

Fig. 5 Pnax In various saccharides and related materials

HO.
a Cl
- 0, o Sucralose Cy,H;5Cl;0g
o HO (397.64 g/mol)
OH o

Fig.6 Chemical structure of sucralose
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ANTEVME TS Do L & D- 703 —AD Paax BMEFFR T
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#K220303-1-1,3-® Passive 0.1M Glucose/1 M KOH
(7.3 mL)/PEDOT*PSS@PtRu*SWCNT/Dialysis/Air
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Fig.7 Time responses of i for 0.1M glucose (7.3x107° mol) fuel
cell discharged at R. =100 Q (red) and 1kQ (blue)
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#K220303-3-5) Passive 0.1M D-glucose/1 M KOH (0.73mL)
/PEDOT*PSS@ PtRu*SWCNT/Dialysis/Air (R, = 1 kQ)
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Fig.8 Time responses of i and 7(?) (= Qou (f)/msF) in 0.1 M
glucose (ms = 7.3x10” mol) fuel cell discharged at R = 1 kQ
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Table 2 Qox, 11, &u, and &ens for saccharides, gluconic

acid, glucaric acid, and derivatives
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Fig. 9 Time changes of E and i during solar motor drive by passive type
(a)glucose and (b)gluconic acid fuel cells
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