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Aims 
This experiment was planned to explore the application of high energy, angle dispersive 
diffraction as tool to investigate complex flows under process conditions.  This continued 
previous studies using energy dispersive diffraction [1,2] and continued work on liquids that 
contained dispersed kaolinite particles. 
Experimental 
The experiment was performed on ID11 with X-ray  energy of 50 keV.  Diffraction patterns 
are collected on the Bruker CCD detector.  A beam size of 50 × 50 μm on the sample was 
obtained with refractive lenses.  Kaolinite with 8% by weight was stabilized with 0.5%wt 
sodium polyacrylate. This dispersion of stabilized kaolinite particles was pumped through a 
cylindrical, aluminium pipe of internal diameter 5mm.  The pipes were either uniform or 
contained nozzles of different diameter.  This is shown schematically in Figure 1. 
 
 
 

Figure 1. Schematic diagram of apparatus 
mounted on x-y translation table and arranged to 
collect low angle diffraction 

 
 
 
 
Results 
The aluminium pipe as well as the kaolinite dispersion gave rise to diffraction.  Although of 
practical interest, the multiple scattering from individual grains in the aluminium meant that a 
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statistical procedure, identifying single peaks  had to be adopted to select pixels for analysis 
of the kaolinite diffraction. Typical data is shown in Figure 2. 

 
Analysis of the data has consisted of evaluating peak intensities as a function of azimuthal 
angle and then plotting intensities and positions of peaks in the scattering as a function of the 
location of the pipe in the X-ray beam.  This is shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 (a) Diffraction intensity for the (001) peak is 
fitted as a function of azimuthal angle φ with two 
Gaussians. Solid squares are the actual data points after 
masking, continuous line is a fit to data.    

 
 

Figure 3 (b) Map of the ratio of 001 peak intensity (+/- 10 
degs) about direction perpendicular to pipe  Both plots are 
for 2 mm diameter nozzle and a flow rate of 5 cm3s-1 
 
 

Discussion and Conclusions 
There is marked disalignment in very close proximity to the nozzle opening.  Some unexpected alignment 
perpendicular to the flow was observed and this needs to be investigated further.  Asymmetry in the peaks is 
similar to that observed by Meheust et al [3] in a different system. 
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Figure 2. Raw data diffraction patterns from the sample while flowing through the aluminum pipe. a) is at x = 0.5, 
y = 0.0 and b) is at x = 0.0, y = 0.0 i.e. nozzle opening. 
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