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Abstract 
Experimental studies were conducted on char mixing and separation in bubbling fluidized beds for fuel reactor of 

the chemical looping combustion and gasification.   Good mixing promotes smooth heat transfer from the carrier 
particles to the char, providing the heat necessary for pyrolysis and gasification, which are endothermic reactions.  In 
addition, the gases generated from the char come into good contact with the carrier particles, thereby promoting the 
reduction of the metal oxide.  On the other hand, well mixed char in the fluidized bed flows out directly to downstream 
reactors. For example, in the chemical loop hydrogen production process, the char enters the hydrogen production 
column or air reaction column.  The effluent char produces CO and CO2 either by water gas shift reaction or combus-
tion.  This causes a decrease in hydrogen purity and carbon dioxide recovery.  In this study, we experimentally in-
vestigated particle mixing and segregation in the incipient fluidized beds, whether coarse particles were staying or 
ascending in the bed, and measured the particle ascending velocity as well.  Then, the forces acting on the low density 
coarse char particles were clarified.  The results obtained in the incipient fluidized bed were extended to the develop-
ment of a model for char particles to ascend or descend in an violently fluidized bubbling beds.  The emulsion phase 
of a fluidized bed was assumed to be the same as the minimum fluidization state.  A model of segregation and mixing 
in a fluidized bed was also developed, and the conditions were clarified that show the downward velocity faster than 
the upward velocity of the floating particles. 
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Table 1 Test results from large scale bench plants for Coal combustion [2] 
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Fig. 1 Schematic diagram of Chemical Looping System 
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Fig. 2 Schematic diagram of carse flotsam particle release 
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Table 2 Properties of bed materials 
 

 
 
 
 
 

 
 
 

Table 3 Properties of Flotsam used 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Name Material dp [mm] p [kg/m3]

Zr Zirconia 0.1 6000 BM1
UB Uni beads 0.1 4200 BM2
GBL Glass beads L 0.39 2600 BM3

GBS Glass beads S 0.18 2600 BM4

Name Material dp [mm] p [kg/m3]

BB Ball Bullet 6 1000 cF1
PP Polypropylene 3.2 1000 cF2
PSs Polystylene 9 20 cF4
PSm Polystylene 5.5 20 cF5
PSL Polystylene 3 20 cF6
HG5 Hollow glass beads < 0.05 700 fF1
HG7 Hollow glass beads 0.05 _ 0.07 700 fF2

HG9 Hollow glass beads 0.07_0.1 700 fF3
cF: coarse Flotsam, fF: fine Flotsam

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Image of light fine particle release into fluidized bed 
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(a) (b) 
Fig. 6 Whether coarse flotsam will float or remain in the incipient fluidized bed. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 Large flotsam distribution in gas-solid fluidized bed 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) Before fluidization     (b)  Free bubbleing 

Fig. 5 Fine flotsam distribution in gas-solid fluidized bed 
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Fig. 7 Forces balance acting on coarse flotsam surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8 Relation between bed force Fw and buoyancy Fb  

of coarse flotsam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9 Relation between the release height coarse flotsam and 

the ascending velocity. 
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Fig. 10 Fine flotsam below single bubble were staying in the 
lower part of the incipiently fluidized zirconia fluidized bed. 

 
 
 
 
 
 
 
 
 
 

 

Fig. 11 Mechanism of fine flotsam staying in the 
fluidized bed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12 Behavior of coarse flotsam in the upper sec-

tion of the fluidized bed at U0 = 0.4 m/s. 
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Fig. 14 Fine flotsam mixing/separation in zirconia particle fluidized bed 

 

 
 
 
 
 
 
 

 
Fig. 15 Axial distribution of fine flotsam  

after mixing/separation. 
White part: Zirconia particle layer 
Gray part: Fine hollow glass beads layer. 

 
 
 
 
 
 
 
 

 
Fig. 16 More than 50 % of fine flotsam were elutriated from  

the fluidized bed. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 13 Behavior of coarse flotsam in the lower section 

of the fluidized bed at U0 = 0.4 m/s. 
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Fig. 17 Fine flotsam behavior in 2D fluidized bed, U0 = 0.4 m/s. 

 
 
 
 
 
 
 
 
 
 

 
Fig. 18 Schematic of horizontal cross section in fluidized bed 

 
 
 
 
 
 
 

 
Fig. 19 Schematic image of vertical cross section in fluidized bed 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 20 Concept of bubble occupied volume at height h. 



lB

 
 

 
1)  
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DB= 1.1(U0 - Umf)0.6 h0.6 DT0.1/ KB0.6 g0.3 Hirama  [11]  (14) 
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Effect of bed height onf desending paticle velocity
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 [-]
NB
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[-]
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[m2]
SDB

[m2]
Su

[m2]
S_d

[m2]
Vpd

[m/s]
0.600 0.100 0.109 1.24 0.109 11.4 76450 6727 0.0134 0.0094 63.1 26.9 0.65

0.600 0.300 0.211 1.73 0.422 4.1 10582 2589 0.0348 0.0350 90.7 -0.7 -24.84

0.600 0.500 0.287 2.01 0.574 3.5 4219 1203 0.0748 0.0647 77.8 12.2 1.43

0.600 0.800 0.381 2.32 0.761 3.0 1811 595 0.1514 0.1137 67.6 22.4 0.78
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0.700 1.500 0.610 2.93 1.221 2.4 514 214 0.4208 0.2925 62.6 27.4 0.74

U0: superficial gas velocity, h1: height from distributor, DB1: bubble diameter, lB: distance between two bubbles
nB: number of bubbles per cell, NB: total bubble number, Ncell: number of cells, Scell: cell area
SDB: cross sectional area of bubble, Su: ascending area, Sd: descending area, Vpd: desending particle velocity

Effect of gas velocity on descending particle velocity
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