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Attrition of particles
� Why is it important to quantify/minimise attrition?
1. Generation of elutriable fines places stresses on 

downstream filtration systems 
2. Loss of material = expensive , decrease the 

efficiency of the processefficiency of the process
3. Attrition changes the PSD � affects

performance of the process (heat transfer, 
hydrodynamics etc)



Mechanisms of attrition
� Two primary modes of attrition: 

� Surface wear due to abrasion � low velocities such 
as those experienced in the bulk of the fluidised bed

� Fragmentation due to collisions of particles with 
each and the walls of the container � high velocity each and the walls of the container � high velocity 
regions such as the jetting region, terminator, as 
well as cyclones
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Oxygen carrier preparation
� Iron oxide

� Prepared by mechanical mixing
� Iron oxide powder was sprayed RO water to form small 

agglomerates
� Agglomerates were then roasted at 950oC for 3 hours

� Original size fraction: 400-600 � m� Original size fraction: 400-600 � m



Fluidised bed: Apparatus

 

Figure 1: Experimental apparatus used for attrition measurements in a fluidised bed 



Fluidised bed experiments
� Temp: 850oC
� Initial mass of oxygen carrier: 100 g
� U=0.8 m/s (at 850oC) � U/Umf ~ 8.7

Iron oxide

Iner t Air

Reduction 3.7% CO, 62% CO2, balanceN2

Oxidation 8.7% O2, balanceN2



Impact tests: Apparatus
� 2 g of particles were used
� Velocity range: 10, 17, 24, 

31, 38 and 45 m/s

 

Figure 1: Experimental apparatus for single particle impact tests 



Results: Fluidised bed experiments



Iron oxide elutriation: Without 
reaction
� 100 g bed of Fe2O3 particles fluidised with air

2

2.5

0

0.5

1

1.5

2

0 50 100 150 200

E
, (

m
g

/m
in

)

Time (min)

Steady state attrition rate:
1.1x10-4 %/min



Iron oxide: Influence of reaction
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Iron oxide: Elutriation over 
successive cycles
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Iron oxide: Primary fragmentation 
after fluidisation (Mass-based PSD)
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Particle swelling: Anomaly or reality?
Molar volume of 
Fe2O3

30.39 cm3/mol 
Fe2O3
15.2 cm3/mol Fe

Molar volume of 
Fe3O4

44.56 cm3/mol 
Fe3O4
14.9 cm3/mol Fe

� Molar volume of Fe2O3
and Fe3O4 approximately 
equal

� However, swelling has been reported in the literature 
� Jallouli and Ajersch (1986), Bleifuss (1971)

� Theoretical swellings of 11 – 16 % are reported

� Our results:
� 11 % increase for 400 � m particle � 444 � m (within the sieve 

fraction 400 – 600 � m)
� 11 % increase for 600 � m particle � 666 � m (within the sieve 

fraction 600 – 710 � m)



Additional evidence
� Sample bottles: 5 g of oxygen carrier, 400 – 600 � m

� Reduced particle density � increased porosity
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Results: Impact fragmentation 
experiments



Impact fragmentation tests
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Conclusions

� It is not sufficient just to test the attrition 
resistance of the fresh particles
� Fresh Fe2O3 � highly resistant to attrition
� Repeated reaction significantly increases the attrition 

rate causing severe fragmentation and even rate causing severe fragmentation and even 
disintegration of the particles

� PSD of material recovered from the bed indicate 
swelling of the particles after repeated reaction 
� SEM images confirm this

� Resistance to fragmentation on impact was also 
greatly reduced following repeated reaction
� Particles show a change from ‘brittle’ to ‘soft’ 



Thank you



Material Steady state 
attrition rate

Source

Fresh Iron oxide
After 10 cycles

1.1 x 10-4 %/min This work

Calcined Limestone
Sulphated 
Limestone

0.2 %/min
0.01 %/min

Scala et al. (1997)

FC Catalyst 0.67 %/min Forsythe and
Hertwig (1949)


