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Experimental data of mass transfer through the reverse osmosis polysulfonmide 
membrane of binary aqueous solutions of salts are compared with the predictions of 
phenomenological equations of mass transfer. 

Keywords : Baromembrane process; polysulphonamide membrane; reverse osmosis; 
mass transfer; component flow; binary aquatic solutions; salts; concentration polariza- 
tion; phenomenological equations 

INTRODUCTION 

The results of the experiments and their interpretation using the 
equation of mass transfer through the membrane and the limit 
diffusion layer, are presented, the equation is based on the 
phenomenology of the thermodynamics of the reverse processes are 
presented. It is shown, that the equation of the bond between the flows 
statistically agree with experimental data. The obtained values of the 
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coefficients of transfer of water in the solutions of salts Fe(NO& and 
Ni(N03)2 are practically the same, although the coefficients of transfer 
of these salts differ almost in 7 times. After the estimation of the 
coefficient of diffusion of water in the solution on integral equations of 
the mass transfer, taking into account the concentration polarization, 
the calculated dependencies of the molar flows of water and salts from 
pressure at different concentrations of salts are obtained. Their 
qualitative and quantitative agreement with the experimental data is 
observed. 

THEORY AND DISCUSSION 

Purification of water solutions from the heavy metals ions and their 
utilization is the expensive stage of many chemical enterprises. 
Baromembrane processes of separation may not serve as the 
alternative to the existing technologies, but may solve the problem, 
reducing the technological expenses. The increased attention to this 
problem is well reflected in the scientific literature although in most 
cases the experimental data are considered only from the point of view 
of the technological indicators of the baromembrane process. In this 
work the results of the experiments are discussed from the position of 
equations of mass transfer through the membrane and the limit 
diffusion layer, which is based on the phenomenology of the thermo- 
dynamics of the irreversible processes. 

Experimental data presented on Figure 1 as the molar flows of water 
(Jim) and salt (J2J at pressure change A P  at different concentrations 
of the salt in the initial solution. 

If the concentration polarization exists, the equation of bond 
between the flows of components in the membrane (Jim) and in the 
limit diffusion layer ( J J  for binary solution in the integral form is 

Here AP,= PO-P' and A P, = P"-Po ~ of pressure changes in limit 
diffusion layer, and membrane (PI ,  Po and P" - pressure in volume of 
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-AP,  1d Mna 

FIGURE 1 Experimental (points) and calculated using Eqs. (6-8) (solid and dashed 
lines) dependencies of molar flows of water J,, and salt JZrn through membrane from 
difference of pressure under various concentrations of salt in initial solution 
Fe(N03)3:1,2,3-0.32,0.7, 1.07% mass; Ni(N03)2: 4,s -0.5, 1.0% mass. 

the initial solution, in the initial solution at the boundary with the 
membrane and in the final solution); 0: = Di/6 ,  and Li = Li/6,,- 
effective in other words related to the thickness of the limit diffusion 
layer (6,) and the working layer of the membrane (am), the coefficients 
of diffusion in the solution and of the mass transfer correspondingly. 

Molar flows Ji, and Jim may be expressed through volume flow J,, 
common for the limit diffusion layer and membrane 

Ji, = J,Aci, Jim = J,C; (3) 

where Aci = cy-cf -the difference of the molar-volume concentrations 
of the component in the volumes of the final ( c y )  and initial (c l )  
solutions. Introducing the total change of the pressure A P  = A P ,  + 
A P m =  PI’-P’, we obtain from (1)-(3) the united equation of bond 
between the flows: 
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While the volume fraction of the component is determined we express 
q$ = civi and accepting, that the partial-molar volume vi in the narrow 
diapason of the composition change of the solution is practically 
constant, (that is vi=const.), we give the Eq. (4) the form the 
multifunctional linear equation of the regression 

where the function Y =  -AP / J,RT,  variable XI = &”, X z =  #2/1 
and constant ao=(L{vl)-’, a1 =(L;v~)-’ -Q, a*= (D;vz)-l -(D’,vl)-’. 
The calculations of solutions densities of allowed us to estimate the 
partial-molar volumes of the components. These calculations were 
carried out assuming; v1 = v(H20) = 1.8 . v2 = v(Fe (N03)3) = 7.5 . 

The results of the statistical experimental data processing using the 
Eq. (5) are presented in Table I. The correlation of the experimental 
and calculated values of the function Y - on Figure 2. These data 
show that the Eq. ( 5 )  agrees with the experimental data. We emphasize 
that the obtained values of the coefficient of transfer of water in the 
salt solutions of Fe(N03)3 and Ni(N03)2 are practically the same, 
although the coefficients of transfer of these salts are widely different 
(7 times). 

Meanwhile the data of the table show that the component a2X2 in 
Eq. (5) ;  gives a small contribution to Y ,  but coefficient a2 is determined 
with a large relative error and by this its top value in 95 % confidence 
interval is positive, while the lowest one is negative. This allows us to 
accept a2=0 or Dl’ v1 sz D2’ v2, that according to the Eq. (1) means 
AP, M 0 consequently AP, sz AP. Indeed the processing of the 
experimental data using Eq. (5) without the component a2X2 which 
represents the contribution of the concentration polarization in the 
total change of pressure AP, leads practically to the same results, as 
those presented in the table. 

By fulfillment of the condition D ; V I  = Divz, or AP, M 0, AP, M 
AP, and also v2AP/RT << 1, and using the approach of the solutios (v2 
d1>>v1q52, vi= const, y, = const, where yi -coefficient of activity in 
connection between the activity of the component and its molar 
fraction) the integral equations of the mass transfer of the components 

v2= V ( N ~ ( N O ~ ) ~ )  = 4.75 . 10-5m3/mol. 
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FIGURE 2 Correlation between experimental (Yo) and calculated (Y,) using Eq. ( 5 )  
function values of Y = - (AP/I ,RT) .  for aqueous solutions of ferrum nitrate 
(regression line 1, correlation coefficient 0.92) and nickle (regression line 1, correlation 
coefficient 0.99). 

of binary solution through membrane and the limit diffusion layer can 
be represented as 

where 4; = cyv, ~ volume fraction of the 1-component in the initial 
solution on the boundary with the membrane. 

Adding (6) and (7) with the equation of bond (2) in 
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PARAMETERS OF REVERSE OSMOSIS 151 

we obtain the system of the algebraic equations for calculations &’, #, 
J,, and also Jim(3), on given &, AP, Di, L;. Since, however the Di - 
values are unknown initially the system of the Eqs. (6)-(8) was used 
for estimation of Di from experimental data. For this purpose the 
functional F = C (zjo-zjp)2 was minimized in which zjo and zjp are the 
experimental and calculated values using Eqs. (6)-(8). The values of 
parameter of minimization in J-th experiment the sum g l J l  + g2J2 was 
considered in which the weight coefficients gi at Ji were determined by 
relation g i = n  / (CJ$)0 .5  where n is the number of measurements. By 
this the following values of the effective coefficient of diffusion of water 
D; were obtained: in the solution of the salt of iron - 6.2-10-6, in the 
solution of nickel - 1.0.1Op6 mjsec. The difference between these 
values as between the values L;, which are presented in the Table I, 
falls in the range of experimental error. Let us compare also the 
obtained values D’, with empirically established dependence [ 11. 

0: = 0.285(D1/r)(Re,)0%~0.35 (9) 

in which Re,,, = w r2/v -the centrifugal. Reinolds criterion, Sc = v / D ,  - 
Shmidts number w-angle velocity of rotation, r-radius of the 
membrane, v-kinematics viscosity. Having in our case w = 3 rad/ 
sec., r = 2.85.10P2m, and accepting for water u= 10-6m2/ sec., D 1  = 

10-’m2/sec. we obtain from (9) D1 = 8.4.10P6, that consider close to 
D’, values obtained by us. 

They were used for the calculation of the molar flows of water (Jim) 
and of salt (Jrm) using Eqs. (6)-(8). Results of the calculations are 
presented at Figures 1 and 2 by solid and dashed lines. Comparing the 
experimental and calculated dependencies of the molar flows. Ji from 
the change of the pressure AP at different concentration of salt, we 
find a satisfactory quantitative and qualitative agreement. 

In conclusion, the results of this work show that, the suggested 
equations of the baromembrane mass-transfer, which are based on the 
phenomenology of the thermodynamic irreversible processes, conform 
to the experimental data. 

This allows us to calculate the physical parameters of process. 
Especially convenient for determination of the coefficient of transfer 
are the equations of bond between the (4) or (8). They are simpler and 
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at the same more accurate, than the integral equations of mass transfer 
(6) and (7). 
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