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P-V.T RELATIONS OF AQUEOUS SODIUM HYDROXIDE
AND ITS CAUSTICITY AT HIGH TEMPERATURES
AND HIGH PRESSURES

By Ryo Kivasma aNp SHIGETo KiTAHARA*

Introduction

The vapor pressure of aqueous solution of sodium hydroxide has already been studied? in
the wide range of concentration at temperatures up to 350°C but at higher temperatures than
this the P-V-T relations of this aqueous solution have never been reported. In the present
investigation, the P-V-T relations of aqueous solution of sodium hydroxide were measured in the
range of temperature from 200°C to SO0°C. Besides the P-V'-T measurements, the authors investi-
gated the corrosion of copper and silver in aqueous solution of sodium hydroxide at high tem-

peratures and high pressures.

Part I P-V-T relations of agueous solution of sodium hydroxide
at high temperatures and high pressures

Experimentals

Samples The agueous solution used in the present investigation is prepared from the
upper transparent part of an aqueous saturated solution of sodium hydroxide which is left as it
is for several days in order to eliminate the carbonate. The content of the carbonate in the
aqueous solution thus prepared and used as the sample is less than 0.5 per cent. The aqueous
solution prepared from metallic sodium is also used as the sample but there is no change in the
results due to the different preparation methods of the aqueous solution.

Apparatus The apparatus used is the same as in the investigation of the P-V-T relations
of steam? except in the case of the inner surface of the autoclave and the cover coated with
silver plate of 0.5mm thickness in order to avoid corrosion. Any change on the silver plate could
not be found after experiment. The pressure gauges used are 100, 300, 500 and 1000kg/cm? in
maximum scale and their maximum errors are 0.3, £0.8, £1.5 and +3.0kg/cm? respectively.

Procedures Measurements are made by the method of constant volume. A given quantity
of concentrated aqueous solution of sodium hydroxide, the concentration of which has been deter-
mined beforehand, is put into the autoclave and the air in the autoclave is exhausted with a
vacuum pump, while the autoclave is cooled in ice water. Then a necessary quantity of water
is introduced into the autoclave through a valve so that the concentration of the agueous solution
becomes the value required before the experiment. The methods of the measurement of pressure

#*  Fuknoka Gakugei University
1) Int. Crit. Tables, 3, p. 370
2) R. Kiyama, H. Kinoshita and S. Kitahara, Tkis Journal, 25, 21 (1955)



The Review of Physical Chemistry of Japan Vol. 27 No. 2 (1957)

P-V-T Relations of Aqueous Sodium:Hydroxide 49

and temperature are all the same as in the previous experiment on steam?2). After each measure-
ment, the aqueous solution is taken out of the autoclave and it is assured that there is no change
of the quantity of the solution. The measurements are made in the following conditions: packing
ratio: 1/5, 1/3 and 1/2ml/ml, the concentration of sodium hydroxide: 5, 15, 25, 35 and 452,
temperature : at every interval of 20° from 200°C to 500°C.

Results and Considerations

The results of the measurements are given in Table 1. Fig. 1 to Fig. 3 show the P-T rela-
tions at each concentration, packing ratio being 1/5, 1/3 and 1/2ml/ml respectively. As it is
shown in Table 1 and Fig. 4, the change of the equilibrium pressure by the packing ratio is rather

Table 1 Vapor pressure of aqueous sodium hydroxide in atmosphere at each condition
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Fig. 1 Pressure-temperature curves at
1/5 packing ratio

Pressure, atm

Temperature,C



The Review of Physical Chemistry of Japan Vol. 27 No. 2 (1957)

50 R. Kiyama and S. Kitahara

Fig. 2 Pressure-temperature curves at
1/3 packing ratio
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Fig. 3 Pressure-temperatuce curves at 1/2 packing ratio

small at low temperatures but this change of the equilibrium pressure becomes very large at every
concentration at high temperatures. The effect of the packing ratio on the equilibrium pressure
obviously results in the vaporization of water and the consequent increase of the concentration
of sodium hydroxide in liquid aqueous solution. The comparison of the results of the present
investigation with the already published data at 200°C is given in Fig. 5, where the packing ratio
of the present data is 1/2ml/ml. The lower values of the present data are clearly due to the
reason above mentioned, that is, the vaporization of the water. However, the authors consider
that the data of the present investigation, P-T-total volume-initial concentration relations, is
very useful especially for practical purposes, although the P-T—concentration relations could not
be derived because the data of other properties, especially the data of the density of aqueous solution
of sodium hydroxide at high temperatures is not available at present.
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Fig. 4 Relations between packing ratio
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Fig. 5 Comparison of the equilibrium
pressure of aqueous sodium hydro-
xide solution of the present investi-
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Part II Corrosion test of copper and silver in aqueous solution of

sodium hydroxide at high temperatures and high pressures

Experimentals

Samples Copper pieces purchased are polished by electrolysis according to an ordinary
method, their thickness being 0.6 mm. Silver pieces purchased are also polished mechanically with
red ochre. their thickness being 0.5 mm.

Procedures The test is conducted according to Perry’'s Chem. Eng. Handbook®. After
the polished test piece is washed carefully in water and then in alcohol, the piece is dried at
80°C ‘in an air bath and then cooled in a desiccator. After it gets cool, the piece is weighed.
The procedure of the load of aqueous sodium hydroxide solution in the autoclave is the same as
in the previous Part I. After the system is kept at constant temperature during definite hours,
it is cooled and washed carefully in water, 1 .V aqueous acetic acid solution, water and finally
in alcohol and dried and weighed. Thus, the loss in the weight of the test piece due to the
corrosion in the aqueous sodium hydroxide solution at high temperatures and high pressures is

obtained. The piece must be washed in 1 N aqueous acetic acid solution because very thin covering

Table 2. Corrosion of copper piece in aqueous solution of sodium hydroxide

Cone. of solu. Temperature Pressure Loss in weight of
% °C atm test piece 10°3g
5 200 15 0.3
” 300 81 0.5
” 350 15§ 0.7
” 400 284 2.1
” 450 489 2.6
” 500 738 3.4
10 200 i4 0.3
” 300 77 0.8
" 350 149 1.8
" 400 271 2.6
” 450 463 4.0
” 500 685 5.9
15 200 13 0.4
u 300 74 0.8
” 350 145 1.7
” 400 259 2.7
” 450 435 4.1
” 500 645 5.9

Weight of test piece: 0.84~0.85g,  Area of test piece: 0.59 inch?,
Time of reaction: 48h,  Packing ratio of soluiion: 1/2

3) J]. H. Perry, Chemical Engineers Handbook, p. 1458 (1950)
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Table 3. Corrosion of copper piece in aqueous solution of sodium hydroxide

Temp. Conc. of solu. Time of reaction Loss in weight of
°C % hour test piece 1073g
350 5 6 0.3
” ” 12 0.4
” " .48 0.7
” 15 6 \' 0.8
” ” 12 | 1.1
” ” 48 ' 1.7
400 5 12 1.1
” ” 48 l 2.1
” 10 12 1.9
” | 4 48 l 2.6
" 15 12 l 1.9
" ” 48 | 2.7

Weight of test piece: 0.84~0.85g, Area of test piece: 0.59 inch?,
Packing ratio of solution: 1/2
on copper surface is found. Of course, it is checked that there is no change in the weight of

copper piece after it is kept in 1N acetic acid solution for several hours.

Results

The results are given in Tables 2 and 3 when the copper piece is used. As it is shown in
Table 2, the effect of the concentration of sodium hydroxide is large in 1024 solution than in
525 solution. but no significant difference can be found between in 102 solution and in 159 solution.
As it is expected. the degree of the corrosion is rapidly increased with increased temperature and
corrosion is rapid in the earlier time of the reaction.

The loss in weight of silver pieces can not be found at 350°. 450° and 500°C and there is
no trace of silver in the liquid solution when it is checked according to the potassium chromate
method.
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