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CALCULATION OF THE .COMPOSITION,OF -
BINARY AZEOTROPIC MIXTURES AS A

" FUNCTION OF PRESSURE AND TEMPERA- .
TURE ‘ - o

A.S. Zheleznyak

An analytical method has been devised for calculating

" the composition of an azeotropic mixture at one tempera-

ture or pressure from the known composition at another .
pressure and temperature. 'The calculation is based on

the following property of binary azeotropes: at a tempera; .

ture such tha{ the vapour pressure of the components are
equal, p; = p,, the composition pf the azeotrope becomes
equimolar?:®. This rule holds well jn many systems, par-
ticularly in those in which the deviatipn from ideality is
fairly symmetrical.
point on the straight line reduces to finding the point.of .
intersection of the vapour pressure —temperature curves

of the components, ~ A general formula for the calculation ’

of the composition may be found as follows. 'Lét com-
ponents A and B form an azeotropic mixture the composi-

tion of which is known only at pressure'p,, and let the con- -

tent of component A be n, wt.% at this pressure.

Let p, be the pressure at which the boiling ppints of ‘
components A and B are.equal. According to the above, -
the content of component A is 50 mole % or n; wt.%. From
the linear relation between the composition of the azeo-
tropic mixture and the logarithm of the pressure, we have

Alogp _logp, -logpy = (1)
An , ny' = Ny !

where A log p is the change in the logarithm of the preséure "
. one temperature and pressure and the temperature depen-

from log p, to log 2, £y being the desired pressure, and- ‘
Awn is the change in the concentration of component A, in
wt.%, from the initial value n,. o .

Eqn, (1) may be rearranged to give

log p, - log p, _logpy -logpy . (9"

ny - ny n =Ry

" Consequently the concentration of component A in the '
azeotropic‘ mixture at pressure by 18 given by

_ log p, - log p, , R
""" * Tog by ~Tog by 1 T @

where 1, is the concentration, in wt.%, of coxﬁponent A in
the azeotropic mixture at pressure p,. - '

An equivalent formula, for the calculation of the com-
position of the azeotropic mixture when the temperature of -

the equilibrium phases is altered, may be derived analo-
gously: '

T,-T : o
m;=my + 'T%T"f’:(mx - 50), (4)

where T, is the temperature at which p, = p,, ‘T, isthe
temperature at which the composition of the azeotropic
mixture is known, and m, and m, are the concentrations -
{mole %). of one of the components at temperature T, and

at the required temperature T, respectively (the tempera~ °

tures are in " C),

Asanexample, a calculation for a benzene + cyclohexane
mixture is given below. According to Storonkin and Mora-

chevskii® the concentration of eyclohexane in an azeotropic
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“sure of 495 mm Hg.

.. at 56°.-

Thus the determination of the second

"‘available for most azeotropic mixtures.
- the result obtained will be higher, the greater the dif-

)

mixture with benzene at 760 mm Hg is 48.1 wt.%. Accord-

ing to Stull?, the boiling points of benzene and cyclohexane

-are equal at a pressure of 200 mm Hg. ' In an equimolar

mixture the concentration of cyclohexane is 51.9 wt.%. Let
us determine the composition of the azeotrope at a pres-
On substituting the initial data in
formula (4), we obtain-the concentration of cyclohexane in
the azeotropic mixture equalto 49,1 wt.%, corresponding
to 47.3 mole %, whereas according to Storonkin and Mora-

.chevskii's experimental data the COncentratlon of cyclo-
hexane in the azeotrope at this pressure is 47.4 mole %,

- Another example: According to Sheinker and Peresleni®
the formic acid—water azeotropic mixture contains
43 mole % of formic acid at 42.3°, - The vapour pressures
of formic acid and water become equal at 95°.  Let us
determine the concentration of formic acid in the azeotrope
On substituting the initial data in formula (4), we
obtain the concentration of formic acid in the azeotrope
equal to 45 mole %. - The experimenta) concentration of
formic acid in the azeotrope?® at 55,‘9,o is 46 mole %.

The above examples show that the proposed method for
the calculation of the composition of azeotropic mixtures
fdllowing pressure and temperature changes is ‘fully satis-
factory. The data necessary for such calculations are

The accuracy of

ference between the pressure (temperature) at which the
components of the azeotropic mixture have the same boiling
point (equal vapour pressures) and the pressure (tempera-
ture) at which the composition of the azeotrope is known.

SUMMARY

An analytical method has been proposed for the calcula-

‘tion of the composition oi an azeotropic mixture at any

temperature and pressure from the known composition at

dence of the vapour pressures of the pure components,

1. V.A.Kireev, Zhur.Fiz.Khim., 15, 481 (1941).

2.  W.Bancroft, “Phase Rule”, Ithaca,. 1897,
3. A,V,Storonkin and A.G.Morachevskii, Zhur, Fiz.Khim., 31,

:42 (1957).

‘4_ . D.R.Stull, "Vapour Pressure of Pure Substances" (Trans-

lated into Russian), Inostr.Lit., 1949 [See Ind. Eng. Chem.. 39,
517 (1947); 39, 1684 (1947)]. :

5 Yu. N. Sheinker and E. M: Peresleni, Zhur.Fiz.Khim,, 26, 1103

(1952). -

Leningrad Received 24th September 1959

e

" ANODIC' BEHAVIOUR OF IRON IN THE
PRESENCE OF ANIONS IN ALKALINE
'SOLUTION -

T.L Pb'pqva and B.N.Kabanov

The effect of foreign fons, e.g. Cl™, SO}-, on the anodic
behaviour of iron in alkaline solutions is of considerable
practical and theoretical interest, The activating action of
chloride ions on the corrosion of iran is explained either
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by the specific adsorption of the anions changing the struc- .

ture of the adsorbed layer on the electrode surface and
retarding further adsorption of oxygen?, or by the fact that
dissolution of the protective oxide film is facilitated in the

presence of Cl~, or that these films are permeable to
chloride ions.

The explanation obviously depends on the view held as
to the mechanism of the passivating action of oxygen.
Several investigators 2~ consider that the passivation of
iron in alkali is an adsorption process, Some?’ regard the
passivity of iron in alkaline solutions as being due to the
- formation of an extremely thin, non-porous, difficultly
soluble chemisorbed layer, with electronic conduction.
The quantity of oxygen sufficient for stable passivation
appears to be less than that necessary to cover the surface
of the iron with an adsorbed layer one atom thick, although
under appropriate conditions the surface may be covered
with a continuous monatomic passivating layer, which may
then actually increase to a diatomic and a triatomic layer.
However, such a thin film may also be regarded as ad-
sorbed.

In the presence of chloride ions in alkali the anodic
dissolution of active iron leads at first to the formation of
ferrous and then of ferric hydroxide, just as in alkali
alone. ‘But on further anodic polarisation, the potential

- passes through a maximum, and then becomes steady at a
value even higher than the equilibrium potential for the
conversion of ferrous into ferric iron. During this period
there is a very protracted oxidation of iron to ferrous
hydroxide localised on a small fraction of the surface. The
first stage of this reaction occurs by the same mechanism
as in acid solutions!:

Fe — Fe?* — Fe(OH),.

Other workers 7 have also observed the local corrosion -
of iron in the presence of Cl- ions in acid and faintly
alkaline solutions.

Lepin' et al.® studied the dependence of the rate of iron
corrosion on the initial pH value in solutions of KOH alone
and in the presence of 0.1-1,0 N KC1l, In the alkali solu-
tions containing added KCl1 the initial pH necessary for
complete suppression of the corrosion of iron (pH 14) was
about one unit higher than in the pure alkali solution (pH 13).

. Hackerman and Stephens ? established the specific ad-
sorption of SO2~ ions on iron and their partial desorption
on the introduction of large quantities of C17, and Bala-
shova !® found a specific adsorption of SO}~ on platinum,
Rozenfel'd!! observed the passivating action of the SO~
ion on steel in neutral solutions of NaCl + Na,SO,, but no
such effect was observed on iron. Furthermore, introduc-
tion of sulphate into the electrolyte facilitated the anodic
dissolution of the iron. o

The purpose of the present work was to clarify the con-
ditions under which the dissolution of iron in hot alkaline
solutions can be strongly activated in the presence of Cl17,
S03-, and other ions, and to determine the mechanism of
) the action of these anions.

EXPERIMENTAL

Anodic charging and polarisation curves were obtained
in NaOH solutions over the concentration range 0.001-10 N
with various concentrations of C1~ and SOi~. The test
electrodes were made of standard spectroscopic iron wire,

‘at a current density slightly above 10"3Acm™2,

Measurements were made at 90° in a glass cell provided
with a water jacket!?, The electrode potentials were
measured by a null method against a mercury oxide elec-’
trode with the same alkali concentration and at the same
temperature as the main cell. The auxiliary electrode for
polarisation was a platinum wire separated from the main
solution in the cell by a glass sinter,

All experiments were carried out in an atmosphere of
purified nitrogen and with solutions of alkali which had been

carefully purified by polarisation and salts which had been
recrystallised twice.

RESULTS

In concentrated solutions of alkali, as can be seen from
the anodic polarisation curves in Fig.1, low concentrations
of C1-, SO~, and CO}~ ions have only a slight effect on the
anodic behaviour of an iron electrode. In the presence of
C1™ and COZ~ ions and in pure alkali a sharp increase in
potential to 0.6-0.7 V (with respect to the mercury oxide
electrode), characteristic of complete passivation of the
iron anode and the start of oxygen evolution, is observed
At lower
current densities anodic oxidation of the iron occurs. In
the presence of SOZ~ ions an additional step is observed on
the curves (see below).

In the case of metals of variable valency, in particular
iron, incomplete passivation can be observed, when oxygen
evolution is accompanied by the dissolution of iron with
formation of the ferrate (FeOZ~) ion, It was found analy-
tically that, in 8 N NaOH + 0.01 N NaCl with an anodic
current density of 0.05 A cm™~2 applied for several hours,
the evolution of oxygen is accompanied by the formation of
ferrate at an initial rate of 0.1 mg of iron dissolved per
hour per square centimetre of surface of the iron elec-
trode; . the rate of formation of ferrate gradually falls.

The effect of chloride ions on the rate of corrosion of -
iron to form Fe(OH), was examined at low alkali concentra-
tions. Fig.2 shows anodic polarisation curves obtained in
2 N NaCl solutions with alkali concentrations 0.001-2.0 N,
In a solution of 2 N NaOH + 2 N NaCl (Fig.2, curve 6) the
passivation of the iron electrode is the same as that typical

=1

.
~1log i

Fig. 1. Anodic polarisation curves obtained at
an iron electrode in solutions of 10N NaOH con-
taining the following salts:

1) no additive; 2) + 0.01N NaCl; 3) + 0,01V
NaySO,; 4) + 0.01N NayCOs.
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Fig. 2. Anodic polarisation curves obtained at
an iron electrode in solutions of 2 N NaCl with
the following concentrations (N) of NaOH:

1) 0.001; 2)0,01; 3)0.05; 4) 0.1;5) 0.5; 6) 2.

of concentrated solutions of alkali alone (Fig.1, curve 1).
In the presence of C1- in more dilute solutions of caustic
soda (Fig.2, curves 1-5) anodic dissolution of iron at
potentials between -0.5 and -0.8 V is observed up to a
current density of 0,01 Acm-2, At higher current
densities the inflection appears on the curves earlier, the
greater the concentrationof alkali. At all current densities
a flocculent greenish deposit of Fe(OH), is formed over the
whole surface of the electrode. Anodic polarisation curves
were also recorded in dilute solutions of caustic soda
having different contents of chloride ions. Increase in the
chloride ion concentration (see Fig.3, curves 2 and 3)
leads, at current densities above 0.01 A cm™2, to activation
and then to a shift to more negative values of the potential
at which dissolution of iron occurs. At lower current den-
sities Cl- has the opposite effect on the potential,

The action of SOZ- jons on the anodic dissolution of iron

in alkali was examined. The presence of the 8O%- ion in
dilute (0.001-0.01 N) solutions of alkali increases the
minimum current density for the anodic passivation of iron
by a factor greater than 10° (Fig.4). Thus the activating
effect of SO~ tons is clearly exhibited in dilute solutions

of alkali. In concentrated solutions the increase in the
minimum passivating current density is smaller (Fig.5,
curves 2 and 4). A decrease in the alkali concentration by
a factor of 10 (in the range of low alkali concentration) in
the presence of 1 N Na,80, involves a severalfold increase
in the minimum current for complete passivation (Fig. 6,
curves 2-4). Atalkali concentrations above 0.5 N the
opposite effect is observed (Fig.6, curves 4—6). With
some ratios of alkali to sulphate, the polarisation curves
show two steps (Fig.5, curve 1; Fig.1, curve 3; Fig.6,
curves 3-5): the first, at potentials of -0.4 and 0.2V,
corresponds to the anodic dissolution of iron with a greater
overpotential than in concentrated solutions of alkali alone
(Fig.1, curve 1); and the second, at potentials of 0,6-0.7 V,
corresponds to the passive state of .the electrode and the
evolution of oxygen. The first step shows the effect of SO2~
ions in Increasing the overpotential, which is to some

extent opposed to the activating effect of SO}~ mentioned
above.

The activating action of SO2- jons is clearly revealed on
the charging curves obtained in 0,01 N NaOH + 1 N Na,S0,
solution at anodic current densities of 0.8, 1.2, and
30 mAcm™, At all these current densities dissolution of
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- Fig.3. Anodic polarisation curves obtained at

an iron electrode in solutions of 0.05 N NaO}i.
with the following concentrations (V) of NaCl:
1) 0.01; 2)0.1; 3)4.

3 2 I legi

Fig.4. Anodic polarisation t;;zrt;(:s
obtained at an iron electrode

following solutions: .
1) 0.01 N NaOH; 2) 1 N Ngg80¢

+ 0,01 N NaOH.
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Fig.5. Anodic polarisa
at an iron electrode in 5 N NE}OP;
with the following concentrations.
Nast4: . .
1) 0.001; 2) 0.1; 3) 0.5; 4) 1.

Fig.6. Anodic polarisation curves obtametcll1 atf c?lli
iron electrode in 1 N Na,SO4 solutions with the fol
lowing concentrations (N) of NaOH: .
1) 0.001; 2) 0,01; 3) 0.1; 4) 0.5; 5) 2; 6) 5.
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iron takes place in the presence of the SO2~ ion for several
hours at an almost constant potential without the onset of
passivation, whereas in pure alkali at these current densi-
ties passivation ensues withina shorttime. In the presence

of 8O}~ ions corrosion takes place uniformly over the whole
electrode surface. '

DISCUSSION

In strong alkaline solutions (5-10 N) at 90°, both in the
absence and in the presence of C1~, S0%-, and CO¢- ions,
an iron electrode is passivated at a sufficiently high current
density, and oxygen starts to be evolved from it withsimul-
taneous dissolution of the iron to form the ferrate ion., The
latter process takes place at a low rate, and ceases when a
Certain ferrate concentration is reached in the anode com-
partment. This points to some reversibility of the process
or to the participation of the dissolved corrosion products
in strengthening the passivating film.

Chloride ions influence the dissolution of iron in dilute’
solutions of alkali. Both in the presence and the absence
of C1” fons, the velocity of this process is greater at 90°
than at room temperature, apparently in conformity with
the temperature coefficient of this electrochemical reaction.

The 'dissolution of iron in alkaline solutions can take

place by two mechanisms !»* with the adsorption of hydroxyls
Or oxygen atoms) as a preliminarystage (first mechanism),
and more slowly without the participation of hydroxyls
(second mechanism). The reaction is inhibited by the ad-
sorption of oxygen which we term passivating, and which is
distinguished from the above-mentioned adsorption of OH
probably by a more thorough dehydration of the adsorbed
layer and by the higher valency of the iron combined with -
the oxygen. In this connection it could be expected that the

displacement of OH from the metal surface by anions, when ‘

the concentration of the latter is increased or that of the
OH" ions is decreased, would lead to activation of the metal
only under conditions such that the passivating effect of the
Oxygen predominates during adsorption of OH, for example
at high potentials. When, however, the activating effect of
the OH predominates, e.g. at low potentials and high OH~
concentrations, the dissolution of iron should be retarded
by the displacement of adsorbed OH by anions.

In fact, dissolution of iron takes place by the first
mechanism at low current densities and not very low alkali
concentrations, and either the overpotential of this process
increases or the passivating current density decreases on
addition of relatively large quantities of C1~ and SO~ ions
to the alkali solutions. At low current densities, for
example, a tenfold increase in the C1~ concentration in
0.05 N KOH faises the overpotential of the anodic dissolu-
tion of iron, occurring by the first mechanism, by 0.06 V;
i.e. C1” passivates the iron (Fig.3). On the other hand, at
higher potentials, when dissolution takes place by the second
mechanism, an increase in the Cl1™ concentration greatly
lowers the overpotential; {.e. Cl™ activates the iron. A
tenfold increase in OH™ concentration at low concentrations
raises the overpotential of the reaction taking place by the
second mechanism by about 0.2 V. At high alkali
concentrations an increase in the alkali conceatration in
the presence of SOZ- leads to an increase in the mini-
mum current density for passivation; i.e. alkali acti-
vates the iron electrode. These facts are in good agree-
ment with the view that adsorbed hydroxyls have a dual role
inthe corrosion of iron in alkali and that the effect of anions
on this process is associated with their adsorption.

On this view it is clear that activation and passivation of
ironare determined by the ionic concentration ratios C1°/OH"
and SO;/OH- as well as by the electrode potential. The
activating effect of C1” ions on iron at high potentials be-
comes appreciable at concentration ratios > 1. In the case
of SO” ions the same activation of the surface of an
iron electrode by the anions takes place at an OH™ con-
centration which is only 2% of that in the case of C1~ ions.

Comparison of our curves at 90° with anodic curves ob-
tained at room temperature® shows that raising the tem-
perature to 90° produces an approximately hundredfold in-
crease in the current density required for the anodic pas-
sivation of iron activated by chloride anions. Such an in-
crease in the rate of dissolution observed at high tempera-
tures can be explained by the fact that in our experiments
no pitting was observed, and dissolution of iron took place
over a larger part of the surface than in the earlier experi-
ments!., X it is remembered that at room temperature
anodic dissolution takes place only at 1% of the electrode
surface, the passivation current densities are found to be
the same at the two temperatures. It is very probable that
the first stage in the dissolution of iron by the second mech-

‘anism consists in the electrochemical adsorption of anions

(e.g. C1°, SOZ7). ‘

SUMMARY

1. It is established that chloride and sulphate ions exert
both an activating and a passivating action on an iron
anode in alkaline solutions. The nature of the effect is

determined by the electrode potential and the alkali con-

centration.

The results obtained are consistent with the view that
the rate of the anodic process occurring on iron in
alkaline solutions is affected by the adsorption of

anions, and in particular that the adsorption of hydroxyls
has a dual (passivating and activating) action on this
process, depending on the potential and the range of
alkali concentrations. The data are consistent with the

view that iron dissolves in alkaline solutions by two
mechanisms.

[
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Rapid corrosion of iron anodes under the activating in-
fluence of chloride ions is observed at alkali concentra-
tions not exceeding 0.5 N,
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EFFECT OF TITANIUM ADMIXTURES ON
THE SURFACE TENSION OF NICKEL AND
COBALT AND ON THEIR INTERFACIAL
TENSION WITH ALUMINIUM OXIDE

V.N.Eremenko and V.ILNizhenko

Nickel and cobalt are used as cementation metals in the
preparation of hard and heat-resistant alloys based on re-
fractory and hard compounds of titanium: carbide, nitride,
and boride.

When these alloys are prepared by the powder method,
by impregnation or sintering in the presence of a liquid
phase, the cementation metal is in the liquid state and its
surface properties are largely responsible for the quality
of the product and therefore also for those of the finished
article. The effect of titanium on the surface properties
of 1iquid nickel and cobalt is thus of considerable interest.

A study is presented here of the effect of titanium ad-
mixtures on the surface tension of liquid cobalt and nickel
and also on the interfacial tension at the boundary between
these melts and solid aluminium oxide.

EXPERIMENTAL

Surface tension and contact angles were determined by
the sessile-drop-method with an apparatus already des-
cribed?®s?,

The alloys were prepared using nickel and cobalt of
high' purity (99.99%) and iodide titanium (total impurity less
than 0.07%), in an arc furnace with a cooled copper hearth,
under argon,

Even the very first experiments revealed that titanium
has a considerable interfacial activity in the present sys-
tems. Our usual method of calculating the surface tension
from the maximum diameter of the drop and its distance
below the apex?® could not be applied in this case because
the maximum diameter depends quite appreciably on the
wetted perimeter at contact angles close to 90°. We used
Bashforth and Adams' tables 4 to calculate the surface ten-
sion. For practical reasons, it was found convenient to
measure the distances x and z for an angle ¢ = 60° (see

Fig.1).
The surface tension is calculated from the formula

b3
0= =A
) PE
where b is the radius of curvature at the apex of the drop;
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Fig.1. Calculation of the surface
tension from the profile of a drop.

B is a dimensionless parameter which describes the shape
of the drop and depends uniquely upon x/z; Ap is the dif-
ference in density between the phases in contact; g is the
acceleration due to gravity.

The calculation of surface tension from Bashforth and
Adams' tables is somewhat tedious because the tables do
not give directly the variation of g8 with x/z for the required
angle ¢. The numerous interpolations needed to establish
this dependence and to evaluate d» make the method un-
attractive. In order to avoid this difficulty we constructed
a new table (based on Bashforth and Adams"* tables) of & as
a function of x/z, as had previously been done in ref.3 for’

@ =90°, In Table 1 the function
, b2
® " 5GP

for ¢ = 60° is expressed directly in terms of x/z.

In terms of this function we may evaluate the surface
tension from the formula -

o= <I>(2x)2 Apg.
The precision of the method in the present case is 3-5%,

TABLE 1. Values of the function &= f(x/z) for (p- 60° (sessile

drop method).

1.89 0.2790 2770 2751
0.2611 2594 2578
0.2459 2445 2431
0.2329 2317 2305
0.2205 2193 2181
0.2089 2078 2068
0.1988 1979 1970
0,1898 1888 1879
0.1809 1801 1793
0.1732 1725 1718
04,1663 1656 1648
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