
�������� ��	
�����

On the measurement of solids circulation rates in interconnected fluidized
beds: Comparison of different experimental techniques

J.A. Medrano, M. Nordio, G. Manzolini, M. van Sint Annaland, F. Gal-
lucci

PII: S0032-5910(16)30516-2
DOI: doi: 10.1016/j.powtec.2016.08.035
Reference: PTEC 11872

To appear in: Powder Technology

Received date: 14 March 2016
Revised date: 2 August 2016
Accepted date: 15 August 2016

Please cite this article as: J.A. Medrano, M. Nordio, G. Manzolini, M. van Sint Annaland,
F. Gallucci, On the measurement of solids circulation rates in interconnected fluidized
beds: Comparison of different experimental techniques, Powder Technology (2016), doi:
10.1016/j.powtec.2016.08.035

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.powtec.2016.08.035
http://dx.doi.org/10.1016/j.powtec.2016.08.035


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

1 
 

On the measurement of solids circulation rates in 

interconnected fluidized beds: comparison of different 

experimental techniques 

J.A. Medranoa, M. Nordioa,b, G. Manzolinib, M. van Sint Annalanda, F. Galluccia * 

a) Chemical Process Intensification, Department of Chemical Engineering and Chemistry, 

Eindhoven University of Technology, De Rondom 70, 5612 AP, Eindhoven, The Netherlands 

b) Group of Energy Conversion Systems, Department of Energy, Politecnico di Milano, Via 

Lambruschini 4, 20156 Milano, Italy 

Abstract: 

Membrane assisted Chemical Looping Reforming (MA-CLR) is a novel concept recently 

proposed for efficient hydrogen production with integrated CO2 capture. This novel technology is 

based on the circulation of a solid (an oxygen and heat carrier) between two different reactors, 

an air reactor and a membrane assisted fuel reactor. The solids circulation rates (SCR) between 

the two reactors determine the oxygen and heat transfer rate and temperature difference 

between the reactors and hence the overall performance of the new concept. However, the 

prediction of the SCR is still based on empirical correlations while many different techniques 

have been used in the literature to measure it. In this work a comparison of three different 

experimental techniques for the SCR is presented. A pseudo 2D interconnected circulated 

fluidized bed system has been constructed and the SCR have been measured using an optical 

technique, a pressure difference technique and a particles extraction technique. The three 

methods have been compared for different experimental conditions by varying superficial gas 

velocities, particle diameter and particle type. Results show that the SCR can be well predicted 

with the pressure drop method as the results are in good agreement with both the optical 

technique and the particle extraction technique for both spherical particles and non-spherical 

particles. The fact that the optical and pressure methods are not intrusive represents the main 

advantage for both. However, while the optical technique gives more information on the 
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