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1  Introduction 
The Helmholtz-Zentrum Geesthacht (HZG) provides two synchroton beamlines in the Max von Laue 
hall at the PETRA storage ring at the DESY site in Hamburg. The beamlines P05 (Imaging Beam Line 
/ IBL) and P07 (High Energy Materials Science / HEMS) cover a wide range of energy to explore light 
matter as well as high density materials. Tube equipped laboratory x-ray sources like a tomographic 
device, a small angle scattering apparatus or a diffractometer allow the pre-characterization of samples. 
Specific sample environments enable the investigation of biological degradation, e.g. the corrosion of 
stents or bone nails manufactured from magnesium and the biological characterization of interfaces 
between bone cells and metallic biomaterials on a cellular level.  

2  Experimental Set Up 

General 
The set up is developed to examine biodegradable materials non-destructively in physiologically 
relevant solutions under flow conditions. It consists of a purchasable bioreactor [1] and specially 
designed flow chambers for Synchrotron Radiation Tomography (SRμCT) or laboratory x-ray 
apparatus (CT), respectively. Both the bioreactor and the flow chamber are qualified for heat 
autoclaving for sterile experimental conditions. The measuring parameters have to be controlled or 
logged: 

The bioreactor controls Flow through sensors inte-
grated in the connecting 
hoses indicates 

Sensors integrated in the flow 
chamber (1st & 2nd generation) 
respectively in the returning 
hose indicate independently 

 Temperature (37°C)  Magnesium ions  Temperature 

 pH-value  Calcium ions  pH-value 

 Concentration of oxygen 
in solution 

 Amount of oxygen in solution 

 Concentration of carbon 
dioxide in solution 

 Amount of carbon dioxide in 
solution 

 Flow rate (1 mL/min 
typically) 

 Amount of hydrogen in 
solution 
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Figure 1: Schematic representation of the  
measurement process 

(1st & 2nd generation) 

Figure 4: Schematic representation of the  
measurement process 

Precipitator optional 
(3rd generation) 

Note: Figures number accords to the order on the presented poster.  

The Flow Chamber 
Some restrictions have to be considered: 

 High temperature resistance (autoclaving 
capability) 

 Low mass 

 No dead volumes  Laminar flow of the fluids 

 No chemical or biological reaction with the 
samples 

 No chemical or biological reaction with the 
fluids 

 Avoidance of contact between sample and air  Avoidance of contact between fluid and air 

 Resistance against -radiation (autoclaving 
capability) 

 Low x-ray absorption 

The flow chambers were manufactured from medical grade polyetheretherketone (PEEK). The 
operating temperature may be up to 250°C. PEEK is chemically stable and resistant to x-rays and to -
rays. Hence it is possible to apply common methods of sterilization. PEEK doesn’t react with the 
corrosive fluid DMEM [2]. 
To minimize the x-ray absorption the wall thickness of the beam window is less than 100μm for the 
stationary cell, and according to manufacturing restrictions 1000µm for the rotating cells. This 
thickness needs to be decreased.  
The mass density fluctuation of the solution may affect to its x-ray absorption. To avoid fluctuations of 
the density the flow has to be laminar. The Reynolds number Re = ρ*v*d*η-1 of the stationary cell is 
Re = 2.75. The Reynolds number of the rotating cell is Re = 5.50. The Reynolds number of the 
miniaturized cell is Re = 2.75. These values are more than three orders of magnitude lower than the 
critical Reynolds number; hence the flow in both cell types is laminar. According to the cells shape the 
flow rate determined by the bioreactor is low enough to ensure homogenous x-ray absorption of the 
fluid. 

Maximum permissible sample dimensions 

 diameter [mm] height [mm] 

Stationary cell (1st generation, figure 2) 6 16 

Rotating cell (2nd generation, figure 3, 7) 10 18 

Miniaturized cell (3rd generation, figure 5, 9) 3 16 

According to the beam size utilizable diameter may be lower. 
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Figure 2: Flow cell for the overhead axis  (1st generation) 
The red dot marks the sample position 

Figure 3: Flow Cell for Laboratory X-ray 
Apparatuses (2nd generation) 

The red dot marks the sample position 

 

Figure 5: Miniaturized Flow Cell 
(3rd generation) 

The red dot marks the sample 
position 

 
  

Figure 8: Heater of the 
Miniaturized Flow Cell  

(3rd generation) 

Figure 6: Exploded Assembly 
Drawing of the Miniaturized 

Flow Cell  
(3rd generation) 

Figure 7: Flow cell for the upright 
orientation axis (2nd generation)  

The red dot marks the sample position 

Note: Figures number accords to the order on the presented poster.  
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Figure 9: Radiogram of the Miniaturized 
Flow Cell  

(3rd generation) 

Figure 10: Changes in material composition 

Note: Figures number accords to the order on the presented poster.  

3  Application 

Tomography on a biodegradable magnesium alloy 
The feasibility study [3] was performed at the beamlines BW2 and W2(HaRWi) at the DORIS storage 
ring at DESY with photon energies of 24 and 30keV, respectively. According to the applied 
tomography camera the flow chamber for the overhead axle was used. Tomograms were recorded 
consecutively for 2 days. At beamline BW2 scan duration was between 166 and 344 minutes, whereas 
at beamline W2 due to the higher flux faster scans (approximately 60 minutes) were possible. 
A tube (15mm length, 1mm diameter, wall thickness 100μm) from the magnesium alloy Mg10Gd1Nd 
was used as corrosion sample. Consistently to the cell design Dulbecco’s modified eagle medium 
(DMEM) with 10% foetal bovine serum (FBS) was used as corrosive medium.  

Figure 10 demonstrates a bulk x-ray absorption frequency distribution as a time series.  
Density frequency peaks are characteristic of a material or a material class. Note the magnesium peak 
decrease and the simultaneous increase of the corrosion product magnesium hydroxide.  
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