
Study on the Structural Change and 
Heat Transfer Characteristics of Ash 
Deposit Layers in the Coal Gasifier 

Kazuyoshi Ichikawa

CCT2005  
11 May, 2005

Central Research Institute of Electric 
Power Industry (CREIPI), JAPAN



IGCC Development in Japan
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CRIEPI ’s Effort

200 t/d pilot plant project( National Project)

Process Development of the  pressurized 
two-stage entrained flow gasifier

Supporting the pilot project

F/S of Demonstration Plant

Establishment of Clean Coal Power Co. 

Supporting the demonstration project

Design & Construction

Operation



A principle of the pressurized two-stage 
entrained flow coal gasifier
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Ash Deposition Trouble 
in the Coal Gasifier
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Gas Temp. Profile in a Gasifier
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Ash adhesion ratio is defined as follows 

Definition of  Ash Adhesion Ratio
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Differential Thermal Analyzer (DTA)
for Ash Fusion Temperature Measurement
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• Measuring Temp.Range
　　　Room Temp.～

1800℃
• Measuring Atmosphere

Oxidizing (Reducing)
• Temp. Change Rate

0～10℃/min.



Measurement of  DTA and TMA  
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Calculation of Ash Liquid Phase 
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Newlands Assumption：
・The calorific value indicated 
from DTA is equal to heat of 
ash melting
・Liquid phase is produced in 
proportion to heat of ash 
melting
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Total calorific value Q which is 
required to melt Ash completely 
is as follows

Ash liquid phase ratio φl at 
Ti is as follows

TtermTint

Tint : Initial melting temperature
Tterm :Terminal melting temperature
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Relationship between Ash Adhesion Ratio 
and Liquid Phase Ratio 
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where, ks: Thermal conductivity of solid, kg: Thermal conductivity 
of gas, ϕ: Ratio of effective thickness of fluid films and particle size 
near the contact point of particle, ε : Void factor, Dp: Diameter of 
particle, hrs: Solid radiation heat transfer rate from solid surface to 
solid surface. hrv : Solid radiation heat transfer coefficient from 
clearance to clearance 

Yagi - Kunii’s sphere packed model
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where, ks: Thermal conductivity of solid, kg: Thermal conductivity of gas, ε: Void 
factor and n is an empirical factor determined by the mode, dimension and shape 
of clearance, and radiation factor of inside of clearance. 

Sugawara’s sphere packed model
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n=8 : laminated plate model n=2 : cylindrical clearance model 
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Max and Min effective thermal 
conductivity model

kmin = ks*kg/[(1- φsol)ks + φsol*kg]              
kmax = (1- φsol)kg + φsol*ks

where, φsol is the proportion of solid in the material and equal 
to the packing rate

Q Q

Maximum conductivityMinimum conductivity
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(1) If deposition of liquid phase particles dominates, rigid and
hardly removable deposit layer would be formed and it may 
interfere the stable operation of the gasifier at the 
temperature of deposit layer lower than the sintering 
initiation temperature.

(2) The effective thermal conductivity of coal ash deposit is 
different from estimated value of conventional sphere packed 
model.

(3)Estimated values approach to experimental values with 
considering the increase of spatial contact area, and 
enhancement of contribution of heat transfer between 
particles along sintering of depositing particles to each other.

Conclusion


