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Background

Why High-Pressure 
– To increase conversion efficiency in combined cycle (from 34% to

~60%!!!) 
– Less CO2 per MW of electricity
– Has the potential to reduce pollutants

• Sulfur removal easier
• Concentrated CO2 stream may help CO2 sequestration 

efforts
– To reduce reactor size 

Why not High-Pressure
– Unproven technology:

• Demonstration projects with government support
• 30-year guarantees required

– Not cost effective:
• Currently must deliver electricity at a lower cost than 

conventional PC
• No penalties currently in place for inefficiency and/or CO2

production 
Application of High-Pressure Coal Combustion

– Integrated Gasification Combined Cycle (IGCC), 10-15atm
– Pressurized Fluidized Bed Combustor (PFBC), 15-25 atm 
– Pulverized Coal Injection (PCI), <5 atm

• Originally included electric 
heaters

• Couldn’t be operated 
continually under high-
temperature (>1200℃)  at 
elevated pressure.

• Hydrogen content of HPDT 
chars was too high 
– (~2.5 wt%) compared 

with char made 
previously in the flat 
flame burner at 
atmospheric pressure 
(~0.5 wt%). 

• This motivates us to develop 
a flat-flame burner to use in 
this high-pressure chamber.

Previous BYU High-Pressure Drop Tube

Flat Flame Burner (FFB) in HP drop tube

Advantages:
– Char preparation at high temperature and heating rate 

(~1500 K, 105 K/s)
– Adjust stoichiometry for %O2 in post-flame zone
– Fast heat-up and shut-down times for ease of use

Disadvantages:
– Fuel-rich operation at pressure produces soot from CH4

– Axial temperature profile not constant

High-Pressure Thermogravimetric Analyzer

• DMT high pressure 
thermogravimetric analyzer 
used to determine oxidation 
rates

• Allows for accurate control of:
• Pressure
• Temperature
• Gas flow rate 

• Records change in sample 
weight with time

Previous High Pressure Work at  BYU

Monson and coworkers
– High pressure drop tube
– Chars generated at 1 atm
– Char reaction rates at 1-15 atm in 5-21% O2
– Activation energy as a function of pressure

Hecker and coworkers
– Chars generated in FFB at 1 atm
– High pressure TGA work (n = 0.7)

Hong and coworkers
– Simple Langmuir rate expression with Thiele 

modulus
– Explained several sets of data, including 

Monson’s burnout data (but not measured 
Tp’s)

High Temperature, High Pressure Chars

Status

– Operational water-cooled FFB
– Four sets of chars produced and 

analyzed
• Pittsburgh #8 hva bituminous 

coal (63-75 µm)
• Wyodak subbituminous coal (45-

75 µm)
• Knife River lignite (<45 µm)
• Illinois #6 hvc bituminous coal 

(75-90 µm)

Conclusions

• High-pressure, high-temperature coal pyrolysis tests were 
performed on four coals

– Chars made from different pressures were analyzed.

• Only slight increases observed in swelling behavior as 
pressure increased

– The swelling behavior observed for the Pitt #8 coal and 
Wydoak coal at each pressure was lower than reported 
in high pressure drop tube experiments.

• SEM photos revealed that bituminous coal has large physical 
structure transformations, with popped bubbles due to the 
high heating rate

• TGA char oxidation reactivities tests were performed at the 
same total pressure as the char formation pressure

– Char oxidation reactivities decreased with increasing 
char formation pressure 

– Formation pressure has no distinct effect on char 
oxidation activation energy and order

– Formation pressure therefore seems to affect the pre-
exponential factor in the reactivity expression

Limitations

• HP-FFB can’t be used to predict high-
pressure devolatilization product 
distribution because of possible formation 
of soot from high-pressure CH4
combustion

• The temperature profile of HP-FFB is not 
even in the vertical direction due to heat 
loss in high-pressure; this will be modeled 
but not corrected

• Shortage of direct particle temperature 
measurement will cause difficult in 
modeling work, Ex. CO/CO2, reaction heat

Plan and Current Work

• Coal/Char high-temperature, high-pressure 
combustion tests are performed.

• High-temperature (~1300℃), high-pressure 
char combustion reactivities will be 
determined by comparing char/residue 
collected as a function of the O2 content 
and temperature in the post-flame gases

• Char high-temperature reactivity will be 
used to check proposed reaction and 
diffusion mechanism.

• Modeling work, based on CBK model (Hurt 
et al.).

Why?
char density and diameter = f(Ptot, heating rate)
intrinsic char reactivity = f(Tfinal, heating rate)??

1 atm FFB char
1 atm TGA

4 atm TGA

8 atm TGA

16 atm TGA

Previous Approach

1 atm drop tube char 1 atm TGA

6 atm TGA

10 atm TGA

15 atm TGA

6 atm drop tube char

10 atm drop tube char

15 atm drop tube char

New Approach

Temperature Profile Comparison of HP-FFB and HPDT

High-pressure FFBHigh-pressure Drop-tube

• New HP-FFB has much higher particle heating rate 
than drop tube (105 K/s vs 104 K/s)
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