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Motivation and Objectives

Synthesis of the Adsorption Material

1. Preparation of 

aqueous casein 

solution

5 – 10 % w/w

SEM Images of Casein Granulate 

Conclusion

— Elevated uranium levels in ground and well water in several regions worldwide, caused by naturally occurring minerals, leaking water from old 

mining areas and uranium-containing fertilizers impair drinking water quality in areas without proper water treatment 1

— Approximately 3 billion people across the globe are reliant on groundwater as their main source of drinking water1

— High concentrations of dissolved uranium in ground water pose an eco- and human-toxicological global threat due to its radioactivity and toxicity1

— AIM: Development of a casein-based uranium adsorbent for drinking water

3. Heating 

50 – 80 °C

5. Shock freezing 

with liquid N2

in narrow tubes
Δp

— Crosslinking and tempering of casein creates homogenous granules with applicable U 

adsorption capacities

— Mechanical and long-term stability of granulates in water should be further optimized, 

e.g. by combination of several crosslinkers

6. Lyophilization2

40 – 130 °C

7. Shredding, Sieving, Heating 

− Shock freezing and freeze-drying 

leaves a pore system in the granules

→ Increasing specific surface area 

→ Improved accessibility for water

Fig. 1: SEM images of air-dried (A) and 

shock-freezed/ lyophilized granules (B) 

− Effective U adsorption (10-fold concentration 

decrease after 5 min with 0.1 g L-1 adsorbent)

− U adsorption affinity constant KL = 0,162 L µg-1

= 3,86 * 107 L mol-1; Maximum loading capacity 

cS,max = 76.1 µg U g-1 dry matter

Glyceraldehyde

2 – 10 % w/w 

–80 °C, 0.030 mbar
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𝒄𝑺 =
𝒄𝑺,𝒎𝒂𝒙×𝑲𝑳×𝒄𝑾

𝟏+𝑲𝑳×𝒄𝑾

− Swelling of small granules observed 

− Decrease of large particles likely due to 

disintegration

− Granules with varying 

synthesis parameters 

were washed 5 times, 

leached in water over 

24 h and recovered by 

vacuum filtration

− Recovery rates of up to 

90 % were obtained
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Fig. 3: Uranium loading analysis with varying adsorbent

quantity over 24 h (A), with 1 g adsorbent over varying

contact time (B), Langmuir isotherm (C)
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Fig. 2: Effect of water contact time on particle size 

distribution measured by Coulter Counter
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