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Abstract 
With this work, it has been shown that duck feather keratin hydrolysate can be concen-
trated to 50 % w/w dry matter using direct contact membrane distillation (DCMD) 
with a reasonable flux. This makes it possible to use direct contact membrane concen-
tration as a slow, controlled method for increasing the keratin hydrolysate concentra-
tion for infusion in wood as used for conservation of water logged archeological wood. 
Further more the work shows that the DCMD flux can be predicted based alone on the 
thermodynamic properties of the hydrolysate and the physical properties of the mem-
brane. 

Introduction 
Conservation of waterlogged wood from archeological finds are currently being 
preserved using i.e. polyglycerols. This process requires first submerging the item to be 
preserved in low concentration solutions for 6 month to 10 years. Following this 
impregnation and strengthening process the items are freeze dried for between three 
and five month. This conservation method yields good results but is expensive and 
laboriously. R. Endo et al [1,2,3] suggests using a hydrolyzed duck feather keratin 
(HDFK) solution instead. In this method the impregnation solution consists of a 10 
weight-% HDFK-water solution which is increased during the impregnation process to 
40 weight-%. This was claimed to yield results superior to standard conservation 
procedures after stepwise impregnation in 10, 20, 30 and 40% HDFK solutions for 20 
days at 60 ºC followed by air drying. This seems in many ways a more ecology-
conscious method using renewable materials and much less energy consuming as 
freeze drying might be avoided. 
This poster describes the use of DCMD as a method for concentrating keratine hydro-
lysate to at least 50 % drymatter in a controlled matter based on preliminary laboratory 
scale experiments using a commercially available micro filtration membrane and com-
pares the measured flux with the flux predicted from simple a priori calculations based 
on the dusty gas model (DGM) and the filmlayer polarization model. 
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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 [4] but to the authors knowledge this is the first time it has been applied 
for keratin hydrolysate concentration. The membranes commonly employed for MD 
are hydrophobic polypropylene (PP) or PTFE. These polymers have the ability to al-
low a vapour 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 hy-
drolysate solution and the cold water solution. Experimentally, the water flux across 
the membrane can therefore be described by the simple equation: 
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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 hydrolysate side of the membrane as shown in figure 1. As 
the DGM model alone gives the maximum possible flux this makes it possible to ana-
lyze the behaviour and limiting steps during the real DCMD-process [4].  

Figure 2: Real life laboratory set-up. 

 
Protein hydrolysate 91 % (w/w) 

Ash 6.4 % (w/w) 

Moisture 2.6 % (w/w) 

Average molecular weight 1500-2000 Da 

Table 1: Duck Keratin Powder  

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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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 keratin hydrolysate 
powder (Toyo Feather Industries Co. Ltd. Japan) in deionized water while deionized 
water was used for stripping. The drymatter content in the hydrolyzate solution was 
measured by weighing the sample after oven drying at 106 ºC for 3 days. The water flux 
was measured as the volumetric stripping water overflow. 

Figure 3: DCMD-laboratory test set-up. 



Results and Discussion 
A range of experiments were performed using different feed flow, strip water flow, 
transmembrane temperature difference and keratin hydrolysate concentration to assess 
the influence of these parameters on the process. As seen from figure 8, it is possible to 
produce a hydrolysate concentrate of at least 50 % drymatter. As seen from figures 8 
and 9 the DGM predicts a much higher flux than the experimental flux while the full 
model that takes concentration and temperature polarization into account predicts the 
flux well. This underlines the main problem with the use of DCMD in protein concen-
tration in general, se also [8]: The protein concentrate forms a thick paste or liquid at 
higher concentrations leading to severe concentration and temperature polarization and 
a low flux. While this is a problem in industrial applications it might not be a problem 
when using DCMD in connection with conservation of water logged archaeological  
wood. Here the up-concentration of the keratin hydrolysate solution should be slow  in 
order to secure a gentle increase in the infusion concentrate so as not to destroy the 
fragile wood structure.  
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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 [5], 
while the heat transfer coefficients were calculated as described in [6].  The physical 
data for the hydrolysate was either measured at 22 ºC se figures 5-7 or estimated [7] us-
ing standard methods from food processing. 

Geometry:Geometry:

Figure 4: Geometry of Turbular Membrane. 

Conclusion 
The use of  DCMD as a simple mean of concentrating keratin hydrolysate solutions 
from 10 to 50 weight-% in a controlled maner for infusion of keratin into water logged 
arhceological wood for conservation seems a possibility. The membrane process is se-
verely heat and, to some extent, mass transport limited. This is obvious from the calcu-
lations where only the DGM is used. Here the calculated flux  is far to high compared 
to the experimentally found flux. On the other hand , the DGM combined with models 
for including concentration 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. 

Acknowledgement 
The authors want to express their gratitude for the support of this work by  

Dr. R.Endo and  Mr. Kenyo, Manager of Toyo Feather Industries Co. Ltd., Japan. 
Prof. Yutaka Kawahara, Kyoto Institute of Technology 

For more information please contact: 

Knud V. Christensen, Associate Professor 

Email: kvc@iot.dk 

Institute of Chemical Engineering, 
Biotechnology and Environmental 
Technology 

Faculty of Engineering 

University of Southern Denmark. 

Figure 5: Water activity of water-keratin 
hydrolysate solution as a function of %-DM  
at 22  °C. 
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Figure 6: Density of water-keratin hydrolysate 
solution as a function of %-DM at 22 °. 
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Figure 7: Viscosity of water-keratin hydrolysate 
solution as a function of % DM at 22 ºC. 
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Figure 8: Water flux as a function of drymatter 
content. The feed and permeate flow was 60 l/h. 
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Figure 9: Calculated Water flux as a function of 
experimental water flux. 
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