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◼ Circulating Gas-solid Processes

➢ CFB, Circulating Fluidized Bed,  Applications: CLC / FCC / IGCC / PFBC / BG … …

➢ CGB, Circulating Granular Bed,  Applications: CR / (M)GBF… …

Chemical Looping Combustion Fluidized Catalytic Cracking



Electrostatic Granular Bed Filter Fluidized Catalytic Cracking
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◼ Solid Circulating Flux -- VITAL PARAMETER

➢ Visual Observation – original and basic

➢ Solid Accumulation (volume method) –original and basic

➢ Fiber Optical Probe (particle velocity) – low accuracy with  many assumptions

➢ X-Ray Densitometry – high cost and additional estimation

➢ Electrical capacitance tomography – high cost and additional  estimation

➢ Extraction/Sampling Probe (solid velocity distribution) – intrusive 

➢ Heat/Mass Transfer or Oxygen Balance – limit and outline

➢ Tracer Method (magnetic/radioactive) – intrusive and high cost

➢ Mechanical Meters (Impact /Spiral flow) – online, sensitive but calibration and 

stability needed

➢ Pressure Drop Method – online, accurate, scalability, simple implementation. 



Detailed structure of the C-CGBF system

⚫ Cyclone & Granular bed

⚫ Johnson screen

⚫ Riser-spouted bed regenerator

Johnson screen

Cyclone shell

Built-in

Granular bed
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Schematic diagram of the experimental setup



Size distribution of the UOP 13X-APG adsorbent granules（Mastersizer3000）

⚫ Collector Granules：

⚫UOP  13X-APG adsorbent granules, dp= 2.07 mm; ρb = 666 kg/m3.
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◼ Pressure-drop Method

◼ Pressure drop of the riser:  

➢ the average density of the gas-solids flow in the 4 m riser，

➢ fg is the friction loss caused by the pneumatic gas；

➢ fs represents the pressure loss due to the collision between the solids and the riser 

wall, as well as the collision between the solids themselves.

➢ Therefore：

➢ there is a linear relationship between△Ｐｒ and Ws, with an intercept of fg. 
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◼ Accumulation Method: 

➢ t means the time spent by a given volume V of the collector 

granules downward flowing out of the feeder hopper is recorded 

by a seconds-counter.
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⚫ Experimental conditions:

Q r Q t △P r W s

m
3
/h m

3
/h kPa kg/s

98 0 0.409 0.029

2 0.465 0.039

4 0.547 0.048

6 0.694 0.062

8 0.971 0.091

10 1.452 0.146

12 2.383 0.274

14 2.316 0.268

16 2.297 0.275
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c. d.

a. Qt=68 m3/h; b. Qt=68 m3/h; c. Qt=68 m3/h; d. Qt=68 m3/h. 



➢ There is a linear relationship between △Pr and 

Ws, with an intercept of fg. 
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⚫The maximum circulation flux depends

on the pressure balance between the

material sealing in the moving bed and

the riser-spouted bed regenerator;

⚫The real-time monitoring on the

circulation flux by the pressure-drop

method was accomplished;

⚫The theoretical meaning and accurate

definition of the parameters in this

correlation need further investigation.
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