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Adsorbents

Characterization of the Adsorbent Polymers

Adsorption of Bilirubin

Extracorporeal blood purification processes based upon
sorption techniques (e.g. hemo perfusion, plasma perfusion, MARS) require tailored adsorbents for the removal
of toxines from blood. For this reason, the application
of macroporous synthetic adsorbent polymers inceasingly
gains importance for these processes.

Particle Size Distribution
 Device: Coulter LS 230 (laser scattering)
 Particle size range: 10 to 180 µm
 Most frequent particle size: 73 µm

Static Bilirubin Adsorption Test
500 mg of dry adsorbent were conditioned, 5 mL of a
solution of 470 µmol/L bilirubin and 5 % human serum
albumin (B-HSA solution) were added and continuously
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Dynamic Bilirubin Adsorption Test
The dynamic bilirubin adsorption test simulates adsorption
behaviour in a circulating system. 500 mg of dry adsorbent
were placed in solid phase extraction columns (tiny
cartridges), conditioned, and 5 mL of B-HSA solution
were added. With soft underpressure, the solution was
100125 µm

Device: stereo microscope (Carl Zeiss)
Magnification: 40 ×
Scale: 1 small unit = 25 µm
Mostly spherical particles (beads) are produced.

Specific Surface
The specific surface of the new adsorbent polymers can
be varied between 350 and 800 m²/g. The pore volume
is in the range of 0.8 to 1.8 cm³/g.

Fig 3: Dynamic Bilirubin Adsorption Test
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shaken in the dark at room temperature. Bilirubin
concentration of this solution was periodically determined
by UV spectrometry at 456 nm.

Particle Shape
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Synthesis of New Adsorbent Polymers
By radical copolymerization of divinyl benzene with
selected polar monomers in presence of an inert solvent
Polymerics GmbH achieved to synthesize new polar
adsorbent polymers with high specific surface and pore
volume, suitable for adsorption of bilirubin from bilirubin
human serum albumin complex solutions, without additional
surface modification. The new adsorbent polymers are produced by suspension polymerization in water, they are
subsequently carefully purified and dried. The purification
process is monitored by HPLC. The effectivity of the
drying process is checked by thermogravimetric analysis
(TGA). Currently the adsorbent polymers are produced
in a 2 L reactor. For the next year, transfer of the synthesis
to a 10 L reactor is planned. Test samples of the adsorbent
polymers up to 150 g are already available.
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Fig 4: Bilirubin Capacity
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In the literature and in patents the following adsorbent
polymers are described:
 macroporous copolymers of styrene and divinyl
benzene
 porous copolymers of glycidyl methacrylate and divinyl
benzene
 porous co- and terpolymers of methacrylates and
acrylates
Most of these adsorbent polymers are not polar so that
their surface needs to be modified. These modifications
often result in reduced specific surface and pore
accessibility and strongly decline the adsorption properties.

Determination of Bilirubin Capacity

Fig. 2: Static Bilirubin Adsorption Test

Fig 1: Particle Size Distribution  KB 59

Currently, special activated charcoals are commonly used
for extracorporeal blood purification. However, the disadvantages of activated charcoal such as low mechanical
stability, low selectivity and low adsorption speed create
a strong driving force towards the development of new
adsorbent polymers.

passed through the adsorbent and bilirubin concentration
was determined in the filtrate. The filtrate was returned
to the SPE column and the procedure repeated 7 times.

KB 96
Activated Charcoal

100 mg of adsorbent were conditioned and 6 mL of BHSA solution added (570 µmol/L bilirubin, 12 % human
serum albumin). The determination of bilirubin concentration was conducted as in the static adsorption test.

Summary
The new adsorbent polymers exhibit a number of
advantages over activated charcoal:
 extremly fast bilirubin adsorption: within 60 minutes
the complete bilirubin (470 µmol/L) was adsorbed at
a polymer to B-HSA solution ratio of 1 : 10
 distinctly higher bilirubin capacity of up to 19 mg
bilirubin / g adsorbent
 significantly better adsorption behaviour at short
contact times with bilirubin (circulating systems).
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