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Abstract. This paper presents the results of experimental studies to determine the mass transfer resistance of the new 
nanofiltrated membrane OPMN-P (JSC STC "VladiporRussia), and its mass transfer resistance after whey separation 
at the pressure of 2.5 MPa. It is found out that the value of mass transfer resistance formed by the interaction of solutes 
with the membrane is 5 times bigger than the resistance of the new membrane. 
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I. Introduction 
Nanofiltration is a baromembrane process which 

is widely used in various industries, particularly in 
the food industry. If to compare it with reverse 
osmosis it is characterized by high performance, 
lower power consumption and, moreover, it allows 
separating monovalent ions of polyvalent and 
macromolecular compounds [1]. Such advantage is 
the main reason for development of new whey 
processing technologies by using nanofiltration [2, 3]. 
While concentrating solids partial demineralization 
of whey, first of all, reduces the amount of moisture 
evaporated in a vacuum evaporator, and with its 
further processing improves the crystallization of 
lactose [4], which, in turn, reduces energy 
consumption during its spray drying [5], and 
secondly, treating this whey on electrodialysis for 
deep demineralization is recommended [6], as it 
increases the electrical conductivity and decreases 
the liquid volume which requires a smaller pump 
that positively affects the power consumption of 
such treatment [7]. 

However, fouling of membrane during separation 
of liquid medias is unavoidable, this leads to 
growing of membrane mass transfer resistance and, 
consequently, to decreasing its effectiveness. The 
reason for this, in most cases, is the concentration 
polarization, adsorption, gelling, sealing or blocking 
of pores [8]. There is no data in the scientific 
literature concerning mass transfer resistance of 
nanofiltrated membrane OPMN-P (JSC STC 
"Vladipor a) after separation of whey, which 
requires a special research. 

II. Theory 
It is believed [1, 8, 9] that the flow of pure 

(distilled) water through the membrane is directly 
proportional to the applied hydrostatic pressure and 
can be described by the equation (1): 

AP 
J = (1) 

jU-R 
' m 

where J - flux, m3/(m2 s); AP — pressure drop at 
both sides of the membrane, Pa; ц - dynamic 
viscosity, Pas; Rm - resistance of the membrane, m"1. 

Using equation (1) it is easy to calculate Rm: 

AP R = (2) m v J 
/Л • J 

Membrane resistance, Rm; is a constant value and 
depends on membrane structural features. However, 
if the liquid contains dissolved substances they 
create additional resistance to mass transfer. 
Varieties of such resistance are shown on Figure 1. 
The mechanism of mass transfer and the formation 
of membrane fouling depend on the solutes 
properties, membranes surface and the interaction 
between the membrane surface and the solutes. 

Taking into account the abovementioned, 
equation (1) can be rewritten as: 

AP AP 
J = = (3) 

M-Rt Ju-{Rm+Rf) 
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where Rt - total mass transfer resistance, m"1; R f -
resistance that is created by the solutes while 
interaction with the membrane, m"1. 

Hence, Rt and Rf can be found due to the 
following equations: 

AP 

Rf = 

H • J 

AP 

/л • J 
R 

(4) 

(5) 

Three main types of membranes fouling which 
increase mass transfer resistance, Rf, can be 
determined during whey separation: 

- Protein compounds; 
- Mineral salts; 
- Lactose and milk fat 
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Figure 1. Different types of membrane mass transfer 

resistance: 
K„ - fouling pores, Ra- adsorption. K,„ -

met 111 і /с К - the formation of gel layer. R,.n -
l u ice a uhи і polarization /#/. 

At high concentrations of proteins on the 
membranous layer there is a possibility for protein 
gels tormation that strongly bind to the surface ot the 
membrane and significantly reduce the flow of 
permeate. It is also believed that the main cause of 
membrane touling by protein compounds is 
adsorption [10]. Morphology of protein 
contamination greatly depends on pH and electrolyte 
composition. They are able to absorb under various 
forces, namely ionic forces. Van Der Waals forces, 
hydrophobic forces, etc.. depending on their 
chemical and structural properties [11, 12]. 

However, the degree of adsorption depends on the 
local concentration of the protein [13]. 

Sedimentation of minerals on the surface of 
nanofiltrated membrane is first of all caused by 
concentration polarization [1] when solution is 
saturated with soluble compounds on the 
membranous layer. It is determined [14-16] that 
among minerals that are crystallized while separation 
of milk and whey, the biggest amount is of calcium 
phosphates. 

Milk fat is usually separated before nanofiltration 
because, as discovered by own researches, its contact 
with the membrane leads to almost twice reduction 
of whey flux. Lactose at high concentrations may be 
crystallized on the surface of the membrane, though 
the authors of works [15. 17]. who studied 
composition of precipitate after nanofiltration of 
milk, did not mark this. 

III. Materials and methods 
Pretreatment of the new membrane OPMN-P 

(JSC STC "Vladipor", Russia) was by filtering 
distilled water at the operating pressure of 2.5 MPa 
to adjust a stable performance. Experiments were 
conducted on a laboratory unit shown on Fig. 2. The 
effective membrane area was 4,3-10"3 m2. 

Figure 2. Principal diagram of the laboratory 
unit of non-circulating type: 

1 - disc, 2 -permeate outlet, 3, 7 - fitting, 4, 10 -
cover, 5 - pressure gauge, 6 - working chamber, 8 -

cylindrical body, 9 - mixer, 11 - magnetic mixer. 

Membrane (1) was placed on the bottom and 
pressed by metal cylinder (8). Membrane mixer (9) 
was put on top. Tightness of the modules was 
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achieved by tightening bolts and nuts pressing the 
cover (4) and (10) to the housing (8). Rubber gaskets 
were laid between these elements. When fittings (3) 
and (7) were opened, the solution was poured 
through one of them into the working chamber. 
Gauge (5) was attached to the fitting (3) for pressure 
control inside the module and fitting (7) was 
connected to the gearbox which was mounted on the 
tank with an inert gas (not shown). Magnetic mixer 
(11) was switched on which started the mixer (9). 
The necessary pressure in the chamber was created 
by opening the valve on the tank with inert gas and 
the gearbox. The permeate was collected through the 
tube (2) Temperature of the solutions during 
experiments was 20 ± з ~ C. 

Collage cheese whey used in ihe experiments was 
obtained ax ihe dairy industry. It was filtered prior 
experiments by microti Iter with pore size of 5 
microns in order ю separate res^^u milk fat and 
casein dust. 

IV. Results and discussion 
The distilled water flux of the new membrane at a 

pressure of 2.5 MPa was 190.24 dm3/(m2h). 
Dynamic viscosity of water ai 20~C was 1004-10 6 

Pa s. Resistance. Rm. was calculated by equation (2) 
which was 4.7-10"" m tor membrane OPMN-P 
under the mention conditions. Then the whey was 
separated on this membrane. Fig. J shows the 
dependence of flux (point 1) on the concentration 
coefficient, k. which is calculated by the equation 
(6): 

V 
к = — (6) 

where Vn, Vk - initial and final volume of the 
solution, accordingly, dm3. 

Fig. 3 shows that whey flux of the new membrane 
was lower; this can be explained by sorption of whey 
components and by active formation of dynamic 
membrane on it. After reaching a concentration 
factor value of 1.25 the flux started to decrease more 
slowly due to the established dynamic equilibrium in 
the system. After the experiment the unit was filled 
by distilled water and was left for 10 minutes with 
mixer on. The distilled water was refilled and the 
flux volume was determined. It was around 30.44 
dm3/(m2h) under those conditions. This value was 
slightly lower than the initial flux while whey 
separation. By equation (4) and (5) a general 
resistance, Rt, and mass transfer resistance, Rf, of 
adsorbed components of whey on membrane were 
calculated. Their values were Rt = 29,5 -1013 m"1, Rf = 
24,7-1013 m"1. As we can see, whey components had 

almost 5 times more resistance than membrane. Then 
this membrane was removed and washed, the surface 
was cleaned manually under running distilled water, 
and flux was tested again, on both distilled water and 
whey. Those procedures were repeated twice after 
which the active layer of membrane was damaged. 
The data are presented in Table 1 and Figure 3. 
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Figure 3. Dependence of flux of nanofiltrated 
membrane OPMN-P on concentration coefficient 
during separation of whey. Pressure - of 2.5 MPa 

1 - new membrane, 2, 3 - membrane after the first 
and the second mechanical cleaning accordingly. 

Based on the data achieved, we see that the flux 
of nanofiltrated membranes was considerably 
restored after mechanical cleaning. Obviously, most 
of the contaminants are adsorbed on the membrane 
surface and only a small portion enters into the 
pores. However, this assumption is not confirmed 
experimentally. During whey separation on the 
washed membrane we noticed that the flux was 
larger. It is obvious that the new membrane has a 
certain surface charge which leads to intense 
absorption of the dissolved components which in 
turn creates significant resistance of mass transfer. 
By mechanical cleaning we washed the fouling layer 
that was not in direct contact with the membrane 
surface; that affects the redistribution of the 
membrane surface charge and the subsequent 
intensity of the whey separation adsorption process. 
However, to confirm the above additional studies are 
needed to be conducted. 

Repeated washing showed that Rf was increased 
almost three times (Table 1), although the flux of 
separating whey remained at the same level (Fig. 3). 
The authors [9] also noticed the increase in mass 
transfer resistance when ultrafiltrating coconut water 
by number of repeated experiments. Therefore, an 
important step in the developing industrial 
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technologies is a study of nanofiltrated membranes 
regeneration process by chemical reagents, for 
instance. 

Table 1. Specific membrane capacity and mass 
transfer resistance values 

j , 
dm3/(m2 

h) 

R t , 
m"1 

R f , 
m"1 

New 
membrane 

190,24 4,7-1 
013 0 

After 
nanofiltration of 
whey 

30,44 29,4-
1 0 1 3 

24,7-
1 0 1 3 

After 
nanofiltration of 
whey + 
mechanical 

170,83 
5 , 2 1 
013 

0,5 1 
013 

cleaning 
After 2 

cycles of 
nanofiltration of 139,51 

6,4 1 1 ,71 
whey + 2 cycles 
of mechanical 

139,51 013 013 

cleaning 
After 3 

cycles of 
nanofiltration of 149,47 6 , 0 1 1 ,31 
whey + 3 cycles 
of mechanical 

* o 1 3 o 1 3 

cleaing 
*active layer of membrane was damaged 

V. Conclusions 

It was found out that mass transfer resistance of 
the new nanofiltrated membrane OPMN-P (JSC STC 
"Vladipor, Russia") at the pressure of 2.5 MPa is Rm 
= 4,7-1013 m"1, however, this figure rises to 6.25 
times after whey separation and the overall mass 
transfer resistance reaches Rt = 29,4-1013 m"1. 
Mechanical cleaning of the membrane surface, 
though, restores the flux but leads to rapid membrane 
damage. The study of nanofiltrated membranes 
regeneration process after whey separation using 
chemical reagents is promising. 
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