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Proposal of Portable Pneumatic Power Source Using Chemical Reaction of
Sodium Bicarbonate and Citric Acid with Small Sized Pressure Booster

Manabu OKUIL Yuki NAGURA, Shingo IKAWA,
Yasuyuki YAMADA, Taro NAKAMURA

This paper is concerned with portable pneumatic power source using chemical reaction of sodium bicarbonate and citric

acid. Carbon dioxide generated in the chemical reaction is used as the compressed air. Both sodium bicarbonate and citric

acid are inexpensive, nontoxic, and readily available. This paper is organized as follows. Firstly, the characteristics of the

chemical reaction is surveyed and the appropriate pneumatic power source system is discussed. Secondly, a pressure

booster that can achieve a stable air generation system without external power is described. Thirdly, the experiment using

the prototype system is conducted to confirm the effectiveness of the proposed method.

Key words : Pneumatic power source, Chemical reaction, Pump
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Table 1 Experimental condition

25.2g (0.3mol)
192g (0.1mol)
300mL

Sodium bicarbonate

Citric acid

Water

Table 2 Experimental result

654NL
1.1MPa

Measured integrated flow

Measured pressure
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Pressure sensor

2 port valve

Magnet

) =
Flow meter Restrictor =

Water —|

Citric acid and sodium bicarbonate

Fig.1 Gas generating experimental setup
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Fig. 2 Integrated flow rate of the chemical reaction
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Fig. 3 Comparison of structure
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Fig. 4 Schematic of the pressure booster
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Fig. 6 Principle of straight fiber artificial muscle

Pressure booster
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Fig. 7 Continuous air generation system
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Table 3 Parameters of pressure booster

D Diameter of tube [mm]

L Length of tube [mm]

AL Shrinkage of tube [mm]

/ Maximum shrinkage of tube [mm]

A Piston area of cylinder [mnf]

a Cross sectional area of cylinder rod [mnf]

P, Atmospheric pressure [MPa]

P, Pressure of inflow [MPa]

P, Pressure of outflow [MPa]

P, Pressure of pressure booster [MPa]

k Spring constant [N/mm]

10 |

9 \\ —— P;=0.2MPa

£ 8 - .= P;=0.15MPa
= »

5 N | N P, =0.IMPa

Z 6

g s s

2 ‘N,

% 4 -
£ 3 R
o i

| e S
. "
0 0.2 0.4 0.6 0.78

Discharge amount[ml] (Full stroke)

Fig. 8 Discharging amount and pressure
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Table 4 Specification of the pressure booster

Size 210mm X 20mm X 30mm

Weight 122¢g

Discharge amount of cylinder | 0.78mL

Spring constant of cylinder 049N/mm
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Check valve |-

Mon-pressurized

Pressunzed

Fig. 9 Image of pressure booster
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||| Preasure booster

T,
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Pressurne sensor

Fig. 10 Experimental set up
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Fig. 11 Characteristics of pressure booster
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Fig. 12 Experimental setup
Table 5 Experimental conditions
Amount of citric acid in bottle A 192¢g
Water in bottle A 26mL
Sodium bicarbonate 252g
Water in bottle B 24mL
Volume of bottle A 05L
Volume of bottle B 05L
Volume of artificial muscle (pressurized) 015L
Mass of weight 1.7kg
Driving pressure of artificial muscle 0225MPa
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