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Abstract 
With this work, it has been shown that whey protein can be concentrated to 34 % w/w 
dry matter using direct contact membrane distillation. At high concentrations though, 
the water flux through the membrane is too low for the process to be economical at-
tractive. The reason for this is partly due to severe temperature and concentration po-
larization in the whey concentrate partly due to the low water activity in the whey con-
centrate. 

Introduction 
Whey protein has changed from being a cheese manufacturing waste product to a valu-
able food additive in a variety of foods from baby foods to health drinks. Traditionally, 
whey protein concentrates are produced by concentrating the whey protein content in 
the cheese run-off from 6.5 % (w/w) dissolved solids (DS) to 20 % DS by ultrafiltration 
followed by diafiltration to remove dissolved salts and sugars. This is followed by 
evaporation to 40 % DS and spray drying producing an 80 % DS whey protein product 
[1]. As evaporation takes place at 70 °C, due to denaturation some valuable whey pro-
tein is lost giving a lower nutrition value of the product. At the same time evaporation  
is a relatively costly process. Both problems could be avoided if the evaporation step 
can be removed. This is not an option with ultrafiltration, as the osmotic pressure limits 
this operation to between 25-28 % DS and this at an uneconomical price [2]. 
This poster describes the use of direct contact membrane distillation (DCMD) as a 
method for concentration whey protein up to a concentration of at least 34 % DS based 
on preliminary laboratory scale experiments using a commercially available micro fil-
tration membrane and compares the measured flux with the flux predicted from simple 
a priori calculations based on the dusty gas model (DGM) and the filmlayer polariza-
tion model. 
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Using Direct Contact Membrane Distillation for Whey Protein Concentration 

Theory 
The use of membrane distillation (MD) for the production of desalinated water, fruit 
juice concentrates and waste water treatment has been proposed and investigated thor-
oughly before [3] but to the authors knowledge this is the first time it has been applied 
for whey protein concentration. The membranes commonly employed for MD are hy-
drophobic polypropylene (PP) or PTFE. These polymers have the ability to allow a va-
pour or gas to permeate the membrane, totally rejecting the aqueous phase. Volatile 
components are transported across the membrane and either stripped by a carrier gas  
or directly absorbed in a suitable liquid (here cold water) flowing along the membrane 
interface. 
The driving force for the process is the difference in vapour pressure in the warm pro-
tein solution and the cold water solution. Experimentally, the water flux across the 
membrane can therefore be described by the simple equation: 

( ) ( )( )cold
sat
waterwarm

sat
waterwaterwatermflux TPTPxkJ −⋅⋅γ=

where km is an experimentally determined mass transfer coefficient, γwater and xwater 
are the activity coefficients and molecular fraction of water respectively in the protein 
solution and Psat is the water vapour pressure. 
In principle, the mass transfer coefficient can be determined a priori based on the 
DGM for mass transport through the membrane and a mass transfer coefficient for the 
film layer formed on the protein solution side of the membrane as shown in figure 1. 
As the DGM model alone gives the maximum possible flux this makes it possible to 
analyze the behaviour and limiting steps during the real DCMD-process [3].  

Figure 2: Real life laboratory set-up. 

Experimental Setup 
The laboratory scale set-up shown in figure 2 and 3 was used to determine the overall 
flux through the membrane. The membrane module was an MD 015 TP 2N from Micro-
dyn-Nadir Gmbh. It consists of a single tube polypropylene (PP) membrane encased in 
a PP pressure vessel (Microdyn-Nadir Gmbh). The feed was run inside the tube and 
cold strip water on the shell-side. The feed was made by dissolving whey protein con-
centrate (Arla Foods A/S, composition shown in table 1) in deionized water while de-
ionized water was used for stripping. The protein concentration was measured using 
Lowry’s method [4], while water flux was measured as the volumetric stripping water 
overflow. 

B1-B2) Whey feed and water reservoir with overflow
F1-F2) Flow controls and readings.
M1) Membrane module
P1-P4) Pressure gauges,
PU1- PU2) Whey feed and extractant pumps
V1-V4) Ball valves
VV1 and VV2) Heat exchangers
T1-T4) Thermocouples

Fixed parameters
Membrane material: PP
Membrane pore size: 0.2 µm
Membrane thickness: 1.5 mm
Membrane area: 0.025 m2

Reservoir volume:  20 L
Extractant: Water

Variable parameters
Whey feed temperature: 25-55  °C
Whey concentration: 
7.1-28.8 [% weight protein/weight solution]
Extractant temperature: 20-22 °C
Whey feed flow: 15L/h – 120 L/h
Extractant flow: 15L/h – 120 L/h

Figure 3: DCMD-laboratory test set-up. 

Protein 82 ± 2 % (w/w) 

Lactose 7 ± 2 % (w/w) 

Fat ≤ 8 % (w/w) 

Ash ≤ 3.5 % (w/w) 

Moisture ≤ 5.5 % (w/w) 

pH 6.1 - 6.7 

 Table 1: Whey protein composition 

Ideal Case Real CaseReal Case

Figure 1:  Ideal case: Only transport limitations inside the membrane.  
   Real case: Both internal and external transport limitations. 
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Results and Discussion 
A range of experiments were performed using different feed flow, strip water flow, 
transmembrane temperature difference and whey protein concentration to assess the in-
fluence of these parameters on the process. As seen from figure 5, it is possible to pro-
duce a protein concentrate of at least 25 % protein (29 % DS as the protein concentrate 
contains other solids than protein) and by inference, that by using DCMD a whey pro-
tein content of 34 % DS should be obtainable. The optimal transmembrane temperature 
difference for the whey protein concentration as seen from figure 6 was 45 °C leading 
to a more gentle process than evaporation. As seen the DGM predicts a much higher 
flux than the experimental flux while the full model that takes concentration and tem-
perature polarization into account predicts the flux well. That concentration and tem-
perature polarization has to be taken into account is underlined by figure 7 from which 
it can be seen that the water flux increases with increasing cross flow velocity. This un-
derlines the main problem with the use of DCMD in whey protein concentration: The 
whey concentrate forms a thick paste at higher concentrations leading to severe concen-
tration and temperature polarization and a low flux of around 6.4 ml/m2/min at 29 % 
DS. This problem could not be overcome with the laboratory scale pumps available in 
the experimental setup.  
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Modelling 
The water flux through the membrane pores can be calculated from the DGM. For a 
tube as shown in figure 4, the DGM yields: 
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Where a is the water activity, G1 is a geometric factor defined as: 

P is total pressure, Psat is the water vapor pressure, T the temperature, w the water 
weight fraction and α1 and β1 are diffusivity factors: 
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In these expressions DKn is the Knudsen diffusivity, Dair,water the binary gas diffusivity, 
ε the membrane porosity and τ the pore tortuosity. 
Mass transport through the concentration polarization layer was calculated from 

Where kg is the mass transport coefficient and ρtot is the density of the whey protein so-
lution. 
As described by f.ex. [5] the heat transport through the membrane could be modeled as 

Here ∆Hvap is the heat of vaporisation for water, λg is the heat conductivity of the vapor 
and λm is the heat conductivity of the membrane. The heat transport through the 
filmlayer was calculated from 

Where h is the heat transfer coefficient over the filmlayer. 
The external mass transfer coefficient for the tube was calculated as described in [6], 
while the heat transfer coefficients were calculated as described in [7]. The water acti-
vity in the whey protein solution was calculated as described in [8], while physical data 
for the whey protein solution was either estimated or found in litterature as stated in ta-
ble 2. 

Geometry:Geometry:

Figure 4: Geometry of Turbular Membrane. 

 
Property: Source: 

Heat conductivity and heat capacity of 
protein solution 

Estimated as described in [8] 

Water activity in: 
Whey protein 
Lactose solution 
Salt (ash) solution 

 
Extrapolated from [9] 
Estimated as described in [8] 
From [10] 

Whey solution: 
Viscosity 
Density 

 
Determined in this project, data not 
stated here. 

Table 2: Physical data for whey  

Conclusion 
Industrial concentration of whey protein from 20 % DS to 34 % DS using DCMD 
seems a possibility, if a higher flux is obtained. This should be possible using a thinner 
membrane and higher flow rates than what was possible in this study. A use of DCMD 
will lead to less protein denaturisation during the whey protein concentration step and 
therefore a product of a higher quality. The DGM combined with models for concentra-
tion and temperature polarization predicts the experimental data well. Based on this 
study, it should be possible to predict membrane distillation fluxes well, based on the 
physical properties of the membrane module, feed and absorbent used. 
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Figure 5: Water flux as a function of whey 
protein concentration. The transmembrane 
temperature difference was 25 °C, the feed flow 
was between 0.5 and 0.8 m/s. 
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Figure 6: Water flux as a function of transmem-
brane temperature difference. Whey protein 
concentration in the feed is 6.5 % w/w, feed flow 
was 0.5 m/s. 
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Figure 7: Water flux as a function of feed flow. 
The feed whey concentration was 6.5 % w/w.  
The transmembrane temperature difference was 
25 °C. 
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