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The decomposition rate of the sodium or potassium amalgam in a horizontal decomposer was 
calculated with regard to three different forms of the amalgam surface, namely a horizontal 
plane, a half-spherical , and a half-ellipsoidal form. A comparison of the three models showed that 
the dependence of the amalgam decomposition rate on the driving force of the decomposition 
is in all cases analogous. In the region of low decomposition rates, all three models lead to practi
cally the same decomposition rates. 

One of the principal reactions in the electrolysis of brine by the amalgam method 
is the decomposition of the amalgam. This is carried out in the industrial practice 
mostly in horizontal decomposers, where the decomposition rate of the amalgam 
was calculated by Hostomskyl on the assumption that the amalgam surface is planar. 
Similar calculations were done by Cezner2

, who assumed a cyllindrical form of the 
amalgam surface. In the present work, we assume that the cross section of the a~~al
gam surface has the form of an ellipse, and the calculated reaction rates are compared 
with the previous models. 

DESCRIPTION OF THE MODEL 

We shall consider a horizontal amalgam decomposer When the amalgam flows 
through the decomposer, its concentration decreases and the rate of its decomposi
tion changes accordingly. In a small section of the decomposer, the concentrations 
of the amalgam and alkali hydroxide and the temperature can be considered constant, 
otherwise they depend 011 the distance from the inlet. 

A schematic cross section of model decomposer is shown in Fig. 1. The amalgam 
flows through a rectangular channel formed by graphite electrodes. The amalgam 
surface has a convex form of maximum height 11k The alkali hydroxide solution 
above the amalgam has a level height YK' The system is symmetrical with respect 
to a plane passing through the center of the channel, hence it is sufficient to consider 
only one half of the channel width, XK, in the mathematical description . The origin 
of coordinates is placed on the electrolyte level in the center of the channel (Fig. I) . 
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Rate of Amalgam Decomposition 2577 

Thus, the cathode surface is defined by x = XK and the anode contacts the cathode 
in the point (XK, YK). With respect to the calculations below, .it is preferable to set 
the thickness fa of the decomposition element (in the direction of the z axis) equal 

to YK' 

Assumptiolls Involved ill the Theory 

1) The system is in a stationary state. 2) The heterogeneous system (gas bubbles 
in the electrolyte) can be treated as a continuum involving time-averages of the 
physical quantities. 3) The potential gradient in the direction of the z axis is negligible 
against the x and Y components. 4) Temperature, pressure, and composition of the 
amalgam and electrolyte in the element is constant. 5) The volume fraction of gas 
bubbles is in the whole element constant, hence a constant resistivity of the gas 
emulsion can be used. 6) The anod ic overvoltage in the decomposition element 
is due only to different activities of the alkali metal in the bulk of the amalgam 
(aK,am) and at the interface (aK.s), the latter quantity being on the whole amalgam 
surface the same. 7) The voltage drop due to the current passing through the graphite 
and amalgam is negligible and the contact resistance between amalgam and graphite 
is also negligible. 8) Spontaneous decomposition of the amalgam IS negligible against 
its electrochemical decomposition. 9) Inclination of the decomposer with respect 
to the z axis is negligible. 

Basic Equations 

The quantity of the alkali metal in the amalgam, which dissolves in the decom
position element, can be expressed according to the law of Faraday by the current 

FIG. 1 

Cross section of a horizontal model decom
poser. x, y, z axes of coordinates, xK' YK 

dimensions of the decomposer elements, hA 
height of amalgam meniscus, g(x) profile 
of the anode surface, 1 amalgam anode, 
2 alkali hydroxide solution, 3 graphite ca
thode 
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2578 Cezner, Novak, Rousar, Mejta: 

IR flowing from the electrolyte into the graphite 

for x = xK • (I) 

Here, jK denotes the normal component of the current density on the graphite 
surface, which can be calculated from the potential distrituticn in tr.e deccrrJPosi
tion element. This can in turn be calculated from the law of Ohm in the differential 
form and the current balance 

j = -(lJl!M) grad ({J, div j = 0, (2), (3) 

where j is the vector of current density and l!M the resistivity of the gas emulsion . 
The electric potential ({J of the electrolyte is referred to the equilibrium rotential 
of the hydrogen electrode in the same solution. Accordingly, the potential in the 
liquid at the graphite surface is equal to the m:gatin, value of the hydrcgen ovtIvoltage 
on graphite, - t/K' at the current density jK' The potential in the bulk of the eltctrolyte 
is then equal to the sum of the absolute value of the hydrogen overvoJtage ar:d the 
ohmic voltage drop in the electrolyte along a current line joinir g tl::e ccnsidu( d 
point with the graphite surface (Fig. 2). The value of ({JA,s on the surface of then 
amalgam anode is equal to the electromotive force of n.e cell d j mini~l< d by th 
anodic overvoltage. The value of ({JA-am in the amalgam is (qual to zero, owing to our 
assumption 7). . 

The electric potential in the electrolyte in a function of ccordirat(s ddincd by the 
Laplace equation 

(4) 

FIG. 2 

Distribution of the electric potential along 
a current line. rp potential, EMN electro
motive force of the cell, j current density 
along the current line of length I, (! resistivity. 
IR total decomposition current in the element. 
R A _ K electric resistance in point B of the 
anode-cathode contact. Subscripts denote: 
A anode, K cathode, s electrolyte side of the 
electrode surface, M bubble-eletroclyte mix
ture, am amalgam, C graphite 
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which follows from Eqs (2) and (3). By assumption 3), Eq. (4) gives 

(5) 

The boundary conditions are derived as follows: 

1) The cathodic current density is given as a function of the overvoltage for 
hydrogen evolution3 •

4 

(6) 

where jo denotes apparent exchange current density and 

be = blIn 10 = RTlrxF. (7) 

If II1KI ~ RT/F (i.e., at higher current densities), Eq. (6) can be simplified to the 
Tafel equation 

(8) 

Here, the current density jK must be determined from Eq. (2). Since the potent ial 
at the cathode surface is equal to -11K' we arrive at the boundary condition on the 
cathode surface for x = XK: 

or for large overvoltage 

-(o<pjoxks = (1M exp [(<PK,s + a)jbc], x = xK· (10) 

2) If the activity of the alkali metal is constant at the whole amalgam-electrolyte 
interface and the contact resistance between the amalgam and graphite is negligible, 
then the potential at the amalgam surface is equal to the difference between the 
electromotive force, Earn' of the amalgam-hydrogen cell at the given conditions, 
and the anodic overvoltage. With respect to the assumption 6), the ancde potential 
representing the boundary conditions can be expressed as 

<PA,s = Earn - (RT/F) In (aK,amjaK,s)' y = g(x), (11) 

where the function g(x) describes the form of the anode surface. 

3) Since the current does not pass across the other boundaries of the considered 
element, we have 

o<pjoy = 0, y = 0; o<pjox = 0, x = O. (12),(13) 
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2580 Cezner, Novak, Rousar, Mejta: 

The shape of the amalgam surface is approximated by one half of an ellipse 

(14) 

where hA denotes the maximum height of the amalgam surface in the middle of the 
channel. 

Rearrangement of the Basic Equations to a Dimensionless Form 

For the numerical solution, dimensionless parameters are preferred. A characteristic 
dimension is the height of the electrolyte level, YK (Fig. 1). The dimensionless co
ordinates are 

x = x/YK, Y = yjYK . 

The dimensions of the model are transformed in a similar way 

The dimensionless thickness of the element is also equal to l. 

(IS), (16) 

(17), (18) 

(19) 

The characteristic voltage can be set equal to - be (Eq. (7)). The dimensionless 
potential E* is then defined as 

(20) 

It is obvious that E* becomes equal to zero if 

(21) 

On introducing Eqs (IS), (16), and (20) into the Laplace equation (5), we obtain 
an equation of the same form 

(22) 
Similarly, 

aE*jaX = 0, X = 0; aE*/aY= 0, Y= 0. (23), (24) 

On introducing Eqs (15)-(20) into the boundary condition (9) and assuming that 
C(K ~ 0'5, we obtain after rearrangement 

-(aE*/aX) = exp (E*) - exp (-E* + ZK)' X = XK , (25) 
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where 

(26) 

Similarly, it follows from the Tafel equation (10) that 

-(oE* /DX) = exp (E*) , X = XK • (27) 

In further calculations, only Eq . (25) will be used as the boundary condition for the 
cathode, since it is valid for any value of the current density , whereas Eq. (27) applies 
only to high current densities. Both Eqs (27) and (10) lead to infinite negative potential 
for zero current density, which would cause serious troubles in the numerical itera
tion procedure. In Eq. (25), zero current density corresponds to the dimensionless 
potential ZK/2; i.e., the boundary condition is fin ite in the whole region of current 
densities. 

The boundary condition for the anode involves all physical quantities characteriziJlg 
the given system 

E* = a + <PA.s + In QMYK . Y = G(X). 
be be 

(28) 

The potential ({lA,s is given by Eq. (11). The right-hand side of Eq. (28) is constant 
for the whole anode surface; we shall call it the dimensionless cell voltage and denote 
it as ZR' With regard to Eq. (26) we obtain from Eq. (28) 

(29) 

The negative value of the gradient of the dimensionless potoltial E* will be called 
the dimensionless current density. The maximum current d(J1Sity flows in the place 
where the anode contacts the cathode (X = X K , Y = 1). In the dimensionless co
ordinates, the cathode surface area is accord ing to our mcd(1 equal to 1. Thus, dimen
sionless decomposition current J R is identical with the m~an value of the dimension
less cathodic current density and can be calculated as 

(30) 

The relation between J R and the decomposition current I R flowing through the element 
follows from Eqs (1) and (30) combined with (2), (15)-(18) 

(31) 
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2582 Cezner, Novak, Rousar, Mejta: 

Solution of Lap/ace's Equationfor the Model System 

The problem defined by Eqs (22)-(28) will be solved with respect to the complicated 
boundary of the model in the following way. By a suitable transformation of the 
variables, the ellipse forming the anode surface will be transformed to a straight 
line parallel to the X axis. The transformed equations will then be solved by the finite
-difference method with unequal grid spacing. 

In general, if the boundary of the system is given by the function G = G(~) 
it can most simply be transformed to a rectangular region by introducing the vari
ables 

e = X, '1 = YIG(~). (32), (33) 

In our case, the function G(~) is given by Eq. (19). Accordingly, the Laplace's equation 
(22) is transformed to 

The boundary conditions are obtained by transformation of Eqs (23), (24), (28) , and 

(25): 

oE* oE* 
o~ = 0, ~ = 0; ---a;J = 0, '1 = 0 ; 

E* = ZR' 17 = 1 ; (37) 

oE* oE* G' 
- - + - '1- = exp (E*) - exp (-E* + ZK)' ~ = ~K . (38) 

a~ 0'1 G 

The dimensionless anodic current density is given by the negative potential derivative 
with respect to the normal, N, to the curve G. 

_ oE* = _ 1 (OE* 1 + '1G'l _ oE* G'), '1= 1. (39) 
oN .J(1 + G'2) 0'1 G o~ 

Since the potential at the anode is constant (Eq. (35)), Eq. (39) is simplified to 

oE* 

oN 
_ oE* .J(1 + G'2

) 

0'1 G 
'1 = 1. (40) 
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The dimensionless decomposition current , J R, is given by the integral of the normal 
current densitic s along the length of the cathode 

J R = - - - - rt - dr!, It (aEl' aE* G') 
o c~ art G 

~ = ~K' (41) 

It can also be calculated by combining this equation with Eq. (38) 

(42) 

In the above equations, primes denote difrcrentiaticn witl·, f( ~ J:«(t to ~. 

The potential distribution can be calculated by the flnite-diference method 5. The continuous 
space of the variables'; and 'I is replaced by a two-dimensional, rectangular network . The problem. 
then, consists in finding a function given by approximate numerical values in the grid points 
and obeying the partial differential equation (34) with the boundary conditions (35) - (38). 
By replacing the derivatives with linear combinations of the function values in the grid points. 
Eq. (34) gives rise to a system of 11/11 linear equations whose solution is the sought function 
(Ill and II den :)te the numbers of grid points in the directions of the'; and 'I axes). 

Since the dimensionless voltage ZR can practically attain values from 1 to 19 and the dimen
sionless current density can at the point of contact of the anode with the cathode (.; = ';K'" = I) 
attain the order of 108 (for the highest ZR value), decreasing as much as by five orders of magnitude 
with decreasing 'I, the grid intervals must be chosen so as to describe these changes with a suf
ficient accuracy. Therefore, a grid with unequa l spacing mu st be used, where with increasin g 
coordinates the grid interval decreases by a geometric series with a quotient qh (Fig. 3). 

To approximate the derivatives, the following equations (43)-(45) were used for point s 
imide the field and (46) for the boundaries . 

(43) 

hi-, hi L 
U+1 i+1 j+1 J 

1<' j 
i.j i+1.j+1 

IU1 I 1";_, 
j i+1,j-1 FIG. 3 

Scheme of nonuniform coordinate grid 
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2584 Cezner, Novak, Rousar, Mejta: 

~ E;+l,jh;-l - Ei.lh; + h;-I) + E;_l.jh; 

O'5I1;11;_I(h; + h;-I) 

+ [Ei+ I,jh~_ I(h~ - h;_~) - E;_I , jh~] (kJ - k~_I) -

- [E;+I,j_th;_t + Ei.j_l(h~ - h~_t) - Ei_ I , j_lh~] ki}1 

(44) 

It is preferable to express the derivatives of the function G numerically, since in the potential 
derivatives the curve sections are also approximated by secants and the errors of the method 
are thus partially compensated. In the point i = m (where the anode contacts the cathode), the 
function G has different derivatives from the left and from the right. 

For the sake of simplification , it was assumed that the function G attains the value of I already 
in the point i = m - 1. The boundary of the system was replaced by a parabola passing through 
the points m - 2, III - I, and m on the anode surface (Fig. 4). The first and second derivatives 
of G in the point i = m are equal to zero and in the point i = m - I are calculated from Eqs (43) 
and (44). In the limiting case, where 11 111 _ 1 ~ 0, the solution of the partial differential equaticn 
for the modified function G becomes equal to that for the original one. The ratio of the grid 
interval lim _ 1 to the anode height "A was chosen in the range from 1 : 48 to I : 108000 incre<.tsing 
with the value of ZR' since the portion of the total current flowing near the point of conta"ct 
of the electrodes increased also. The correctness of the results was checked by decreasing the 

c 

E r-:-

m+1 m--m-l m-2 m-3 

y " G(X) anode surf. 

FIG . 4 

Function G describing the form of the anode 
surface in a model system at the anode
-cathode contact 
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Rate of Amalgam Decomposition 2585 

value of "01-1 by the factor of 1/ 2; the resulting change of the decomposition current was less 
than 1%. 

To simplify the calculation program, the system of grid point s was supplemented with fictiti o us 
grid points beyond each boundary.Thus, the potential va lues on the boundaries could be cal
culated from formally the same equations as inside the field (in the electrolyte). The values of the 
fictitious potentials in the added gr id point s were determined fro l1l the boundary conditions. 

The system of linear equations obtained from Eq. (34) by using the diO'erence formula s for the 
deriva tives ca n be written as 

-(E~+ I , j + lh?_lh~_1 - E~-I , j + lh~kf- l - E~+ I,j _ lh~_ lkj + 
+E~_l.j _ lh~kn Cz)Hj + Et+l,i[2h j- 1K j - h~_ ICz.;(k~ - kf - I)] jH j + 

+E~-I , i[2hjKi + h~C2 , i(k; - k~_I)] jHj + Et,i+ I[2ki - ICI ,i 

-k;_I(lI; - h~_I ) C2.;jH j - kf- IC3.i] + E~. i - I[2kjCI,i + kf(h; -

- h;_I) C2 ,;jHj + kfC 3 ';] - E~, i[2(hi + hj - I) Kplj + 2(kj + "i _ I) CI ,j + 
+(11; - h;- I)(kf - k;_I) C2,;jHj + (kf - kf - I) C3,i] = 0 , (47) 

where i E < I, Ill ) , j E <1,11 - I ) , and 

Cl,j = (1 + IJfC;2) jC; , 

C 2 ,j = 2lJp; jCj , 

CJ . j = (CiC~ - 2C;2) 1lijC; , 

lJi =if.l kj , H j = 11;l1j_l(h j + hi - I) , 
i ==0 

Equation (47) is not suitable for the anode surface , since in th i ~ c a ~ C Eq. (37) gi\cs 

(48) 

(49) 

(50) 

(51), (52) 

(53) 

(54) 

An equation for the fictitious potentials in the outer grid point s is obtained from Eqs (35), (36), 
(38), and (43). Ifno current flows through the boundary, then 

(55) 

where i = l , j E < 1, II ); and further 

= Ei,i+lk;-t + EUkf - kf-I) 
E~.j_1 e 

J 

(56) 

wherej = l , i E< I,m ) . 
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The solution of the elliptic partial differential equation in the given space region converges 
if the boundary conditions are given as constant values of the variable (in our case E*) on the 
boundaries. If the boundary va lues change in the course of the iterations, they should change 
only little in comparison with the changes of the variable (E*) inside the region. To fulfil this 
requirement, the value of E* outside the cathode (E:' + I,j) was cor rected during every iteration 
by using a formula derived from Eq. (38) 

E~~tL = Eti\~l\l - If) + t/t{-[exp(E~~t-t») - exp(-EtS- ' ) + ZK)J x 

x HJh~_, - E~~t-')(h~ - hi
2
_ t )/h:_ t + Et~t,~J)hUh:_ t1 ' (57) 

where i = m, j E < I, 11 >, T denotes the order number of the iteration , and the coefficienl 'II was 
optimized by trial and error as 'II ~ 0·2. 

The system of m(n - I) linear equations (47) for the same number of unknowns (from hundreds 
to thousands) was solved by a modified iterative overrelaxation method4

.
5

. If the estimated 
values of Etj are introduced into Eq. (47), its right-hand side is different from zero and is called 
the residuum, Ri •j . Eq. (47) can be converted to a system of equations of the type 

where Et,~T+ 1), E~~t) denote approximate potential val ues in the gr id point U, j) in the corres
ponding iterations and (Vi.j is the overre laxation factor. The system of eq uat ions (58) converges 
to the solution vector of Eqs (47) if the factor (Vi ,j is properly chosen. We used the formula 

Wi ,j = Wo/[21("i + "i -l) Kj/Hd + 21(kj + k j - J ) Gl,;j + 

+ I(h ~ - h~-,)(kf - k;_,) G2i .lHd + I(kf - ";- 1) G3,dJ (59) 

for i E <1,111> and j E <1.11- 1> . 

On the right-hand side there is a ratio of the constant (Va and the modified coefficient at the term 
EI~j in Eq. (47). The constant {()o lies in the interval < I, 2> and controls the rate of convergence 
of the iteration process. It depends on the matrix dimension and must be determined empirically 
by evaluating the rate of convergence of several calculations with a relatively small number 
of iterations. 

After solving the system of equations (58) , the potential values on the cathode 
surface in the grid points i = 111, 1 ~ j ~ 11, are known and can be used to calculate 
the dimensionless current flowing through the decomposition element. The integral 
in Eq. (42) can with an accuracy corresponding to the method used be replaced 
with the sum 

n-l 

JR,K = t L [exp (E:',j) + exp (E:' ,i+ I) - exp (-E:' ,j + ZK) -
j=l 

(60) 
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To judge the correctness of the calculations, we calculated also the anodic current 
by numerical integration over the anode surface from Eq. (40) combined with (43) 

m-I 

JR,A = - I [(E~n .JG I •i + E7+ I." JGl,i+ I) (11~_1 + 2I1n- II1,, _2 ) -
;=1 

- (E~n-l.JGI.i + E7+1.,, _1 J GI.i +l)(hn-l + "11 _2)2 + (E~n-2 JG I.i + 
+E7+1 .11-1 JGl,i+l) h~_IJ sJ2Hn- l , (61) 

where Si denotes the length of the line connecting the neighbouring grid points on the 
anode surface, approximating the surface curve 

(62) 

The magnitude of the step kj' representing the mutual distance of the grid points 
on the cathode, must be chosen so that the current flowing through the section k j be 
negligible against the total decomposition current for every term of the sum (60). 
especially the one corresponding to kn - I (the contact between the anode and cathode). 
The steps k j increase with decreasing j by a geometric series with a chosen quotient 
qh lying between 1 and 1'4; for higher values of qh the rate of convergence of the 
iteration solution of the equation system (58) decreases eventually to zero. 

RESULTS OF CALCULATIONS 

The calculations were carried out on an ICL 4-72 computer with a program elaborated 
in FORTRAN. The input data were: Dimensionless voltage of the decomposition 
element ZR' parameter ZK, dimensionless simplexes XK and hA!YK' The calculation 
was stopped as soon as the value of the highest residuum decreased below 1 . 10- 4

• 

The results are given in Table I together with the input data. The accuracy of the 
calculation is indicated by the agreement of the dimensionless decomposition current 
flowing through the cathode (Eq. (60)) with that flowing through the anode (Eq. (61)) . 
The deviations are in the range from 0·9 to 8'7% depending on the number of grid 
points and on the number of iterations. They decrease slowly with increasing number 
of iterations; since the values of J R •K and J R •A approach the correct value from 
different sides, their arithmetic mean, J R , can be considered as most correct. 

The parameter ZR characterizes the rate of the decomposition reaction at the cor
responding current. It is a measure of the driving force of the process and involves 
the influence of the reactant concentration, overvoltage, and ohmic resistance. At low 
values of ZR, corresponding to low amalgam concentration and low electromotive 
force, the decomposition rate depends on the electrode overvoltage. The resistance 
of the hydrogen emulsion is relatively low and the distribution of the current density 
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2588 Ceznar, Novak , Rousar, Mejta: 

on both electrodes is uniform. Under these conditions, the process is influenced 
also by the dimensions of the system, parameter XK , and partial anodic current on the 
cathode, involved in the parameter ZK (Table I). At high values of ZR, most of the 
decomposition current flows in the close vicinity of the anode-cathode contact. 
This means that the space between the electrodes is filled with gas and the resistance 
of the gas emulsion is much higher than that of the pure electrolyte. The influence 
of the parameters XK and ZK is negligible in this case. 

To evaluate the influence of the form of the amalgam surface, the calculated 
decomposition currents were compared with the data referring to a planar amalgam 
levell, i.e., 

(63) 

The data given by Hostomskyl are given in Table II in terms of our dimensionless 
variables. 

As another case, we considered a horizontal decomposer in which the amalgam 
level close to the anode-cathode contact has the form of a quarter of a circle and 

TABLE I 

Calculated values of dimensionless decomposition current JR in an amalgam decomp.Qs~r. 
Elliptical approximation of the amalgam surface, "A/YK = 0·1. ZR dimensionless voltage of de
composition cell (Eq. (29», ZK parameter defined by Eq. (26), XK dimensionless width of de
composition element, JR•K dimensionless cathodic current from Eq. (60), JR,A dimensionless 
anodic current from Eq. (61), qh quotient of nonuniform coordinate grid, mn dimensions of the 
grid, t time of calculation (in s) on an ICL-4-72 computer 

ZR ZK XK JR,K JR' A JR qh mn 

18'5595 0 0·26 1990·8 2092·8 2042 1·4 36 x 39 1440 
15·2901 0 0·26 913·27 1000'38 956·8 1·4 36 x 39 1526 
10-0000 0 0·26 96'343 105-283 100·8 1 1-3 33 X 35 1602 
4·7099 0 0-26 8'5001 8-8423 8·671 1-3 18 X 24 281 
1-4405 0 0-26 1·2816 1-3283 1-305 1-3 15 X 21 198 
4'7099 0 0·34 8·4592 8-9986 8·729 1'3 20 X 24 310 
1·4405 0 0-34 1'3554 1-4244 1-390 1'3 17 X 21 227 
4·7099 -10 0·26 8'5843 8·8943 8-739 1'3 18 X 24 270 
1·4405 -10 0-26 1·5489 1'5626 1'556 1-3 15 X 21 198 
4-7099 0 0·10 8-8566 9'1876 9'022 1'3 14 X 24 212 
1-4405 0 0-10 1-0433 1·1228 1-083 1'3 12 X 21 148 
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otherwise it is plane (Fig, 5), Hence, 

[(hA)2 ( hA)2J1 /2 G(X) = 1 - y: - X - XK + y: (64) 

hA 
G(X) = 1 - -

YK ( hA) for X E 0, X K - y: , (65) 

TABLE II 

Dependence of dimensionless decomposition current JR on the parameter ZR according to Hos
tomsky, Planar approximation of the amalgam surface 

JR 

ZR 

X K = 0,2 XK = 0,1 XK = 0·05 

-1,609 0'312 0·388 0-424 
-0'916 0-497 0·576 0·609 
-0,223 0·759 0·834 0 ·862 

0'336 1·04 1·11 1·13 
0693 1·25 1'32 1'34 

1'386 1·77 1·82 1·84 
2·079 2-43 2·48 2'49 
2·639 3·09 3'\3 3·15 
2·996 3·58 3·61 3-62 
3'689 4'68 4·70 4·70 

4'382 6·03 6'05 6'05 
4,942 7'34 7'34 7'34 
5·298 8·20 8·20 8·20 

5·991 10'0 
6'685 12·2 

7·244 14·1 
HOI 15·5 
8·294 18'3 
8·987 21-4 
9·547 25 ·0 

9·903 25 ·8 

10'597 29'4 
11·290 33·2 
11·849 36'5 
12·206 38·6 

12·899 42-8 
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2590 Cezner, NovAk, Rousar, Mejta: 

On the amalgam surface, we have the boundary condition (28). The vicinity of the 
three-phase contact is modelled according to Fig. 4. The results of calculations are 
given in Table III. 

It is seen from the comparison of the mentioned models that the planar model 
of the amalgam surface gives for ZR < 4 significantly lower values of the decom
position rate than the other models. Ifthe cross section of the surface is approximated 
by a circular arc and a straight line, the results are higher than in the case of an ellipse 
(Tables I and III). The form of the dependences is quite the same, since most of the 

TABLE III 

Calculated dimensionless decomposition current JR in a horizontal amalgam decomposer. 
Approximation of the amalgam surface according to ~ig. 5; hA/YK = 0·1. See Table I for symbols 

ZR ZK X K JR,K 

18·5595 0 0·26 2717·6 
15 ·2901 0 0·26 1303 ·9 
10·0000 0 0·26 146·11 
4·7099 0 0·26 10·281 
1'4405 0 0·26 1'3549 
4·7099 0 0·34 10·616 
1·4405 0 0'34 1·4444 
4·7099 -10 0·26 10·325 
1·4405 - 10 0·26 1·6165 

pro,O) 

, 3 

y=grx) 

JR ,A JR qh mn 

2808 ·4 2763 1·4 36 X 39 1 782 
1400·7 1352 1'4 36 x 39 1 759 

155 '60 150·9 1-3 33 X 35 1444 
10·844 10·56 1' 3 18 x 24 353 

1·5302 1·443 1-3 IS X 21 173 
10·910 10·76 1' 3 19 x 24 230 

1·5359 1-490 1'3 16 x 21 227 
10·902 10·61 1'3 18 x 24 306 

1·8033 1·710 1'3 15 x 21 173 

FIG. 5 

Decomposition element in a horizontal de
composer. The amalgam surface approximat
ed by a quarter-circle and a straight line. 
1 anode, 2 electrolyte, 3 graphite cathode. 
See Fig. 1 for symbols 
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decomposition current flows mar the contact point of both electrodes, where both 
models of the anode are very similar. The more distant rcgicns of the anode surface 
are practically without influence on the decomposition rate. It follows from our 
results that the conditions in vertical ar.d horizontal amalgam decomposers are 
nearly the same if the dimensionless parameters are t1~ e ~ ame. 

CONCLUSIONS 

The dependence of the decomposition rate of the amalgam on the drivil~ g force 
of the reaction is for all three models analogous. At low values of the driving force , 
all three models lead to practically the same values of the decomposition rate, whereas 
at higher values (high amalgam concentration, low hydrogen overvoltage) the plallar 
model of the amalgam surface lEads to much too low decomposition current. For 
a sufficiently wide channel, the model according to Fig. 5 is closest to reality (straight 
line with two arcs). The amalgam surface in rather narrow channels comes close 
to one half of an ellipse (Eq. (14)), and in very narrow ones to a half-circle. The most 
important part of the surface is close to the three-phase interface. The contact angle 
is probably smaller than the assumed value of 180°. For comparison with experiments 
and technical calculations, our models of the curved amalgam surface are therefore 
preferable, although the true values of the decomposition current may be somewhat 

lower than calculated. 

LIST OF SYMBOLS 

a, b constants of the Tafel equation for hydrogen ovcrvoltage on graphite (V) 
aK activity of potassium in amalgam 
be constant defined by Eq. (7) 
E* dimensionless potential defined by Eq. (20) 
F Faraday's constant (96487 e / mol) 
G dimensionless function describing the amalgam surface 
G1 1 function defined by Eq . (48) 
G2 : i function defined by Eq . (49) 
G3 ,i function defined by Eq . (50) 
g function describing the form of the amalgam surface (m) 
Hi function defined by Eq. (52) 
hA height of amalgam meniscus (m) 
hi grid interval along <!" axis 
IR total current flowing through the decomposer model (A) 
JR dimensionless current defined by Eq . (31) 
j current density (A/m2

) 

cathodic current density 
formal exchange current density (A/m

2
) 

function defined by Eq. (53) 
grid interval along 11 axis 
length of current line (m) 
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la 
111, n 

X, y, Z 

XK'YK 

ZK 

ZR 
IXK 

" I/A,IIK 

C; 

(Vi,j 

'(()o 

thickness of decomposer model (m) 
numbers of grid points along C;, 'I axes 
normal line (m) 
quotient of geometric series 
gas constant (8'314 J K - 1 mol- 1) 

residuum 
distance of two neighbouring grid points 
absolute temperature (K) 

time of calculation (s) 

dimensionless coordinates 
dimensionless width and height of decomposer model 
coordinates (m) 
width and height of decomposer model (01) 

parameter defined by Eq. (26) 
dimensionless voltage defined by Eq. (29) 
cathodic charge transfer coefficient 
transformed Y coordinate 
anodic and cathodic overvoltage (V) 

transformed X coordinate 
resistivity (n 01) 

order number of iteration 
electric potential (V) 

empirical coefficient in Eq. (57) 

overrelaxation factor defined by Eq. (59) 
empirical constant in Eq. (59) 

Subscripts 

Cezner, Novak, Rousar, Mejta 

A anode, am amalgam, C graphite, K cathode, i, j refer to e and '1 coordinates, M mixture 
of gas and electrolyte, s electrolyte side of the interface. Primes denote differentiation with 
respect to .;. 
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