
Class 4

Physical Properties of Coal



Reading Assignment:  
a. Lee Smith Book, 154-168
b. Article by Merrick (Fuel, 62, 540-546, 1983)

1. Discuss Figure 4.50 in the Lee Smith book.
2. What is meant by porosity, true density, apparent density, and internal 

surface area?  Why are these quantities important in coal combustion?  How 
do they vary as a function of coal rank?  How do the these properties vary 
between chars and coals?

3. Please use your group to find and discuss the model proposed by Merrick for 
heat capacity. 

4. Please show the transient particle energy equation in terms of particle 
temperature, with appropriate terms for a single coal particle injected into a 
hot inert gas.  Be prepared to describe all of the terms, including thermal 
radiation.

5. Please compute the number distribution (# vs. diameter in microns) for the 
following mass distribution:

6. Please compute the heat capacity in J/kg/K of the dried Argonne Premium 
Wyodak coal at temperatures from 300 K to 700 K.

Mesh Size (passing) 400 325 270 250 200 170 150

Weight (%) 5 10 20 30 20 10 5



Figure 4.50
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Particle Densities
1. True Density 

(He pyncnometry)

2. Apparent Density

3. Bulk Density

solidofvolume
solidofmass

solidinvoidsofvolumesolidofvolume
solidofmass



bedofvolume
solidofmass

Vbed = Vsolid + Vvoids in solid + Vvoids between particles



True Particle Densities

From Gan et al. Fuel, Vol. 51 (1972)



Apparent Densities
• Hg porosimetry

– Measure change in Hg volume as pressure increases
– Interpret volume change

• Tap density
– Weigh particles
– Place in graduated cylinder
– Tap to settle particles
– Assume packing factor
– Ratio of bulk densities (b/ b,0) equals ratio of 

apparent densities (a/ a,0) 
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Apparent Particle Densities

From Fletcher Sandia Milestone Report
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Heat Capacity of Coal 
 


T
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Cp (particle) = xmoist Cp, moist + xorg Cp, org + xash Cp, ash 
 
Note: Cp is a function of Tparticle 
 

Einstein’s Formulation for Cp (from Merrick, 1983): 
 
A. Simple 
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where a = mean coal atomic weight, yn = mass fraction of element n, and  = atomic 
weight of element n 
 

g1 is a function: 

 
  21 /1)exp(

)exp(
zz

zzg


  

R = universal gas constant (8314.3 N-m/K/kg-mol 
 
B. 2-stage (along bedding plane and perpendicular to bedding plane) 
 

      KkgJTgTgaRC p ///18002/380/ 11   
 
Also note that enthalpy is calculated by Merrick as: 
 

    kgJTgaRh //1200/3600 0     or 
       kgJTgTgaRh //18003600/380380/ 00   

 

Where  
1)exp(

1
0 


z

zg  

 
C. Cp for Ash 
 

Cp, ash = 754 + 0.586 T  (J/kg/K where T is in C) or 
Cp, ash = 593 + 0.586 T  (J/kg/K where T is in K)  

 



Merrick Heat Capacities
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Computed Heat Capacities
(Wyodak Coal)
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Heat Capacities (Conclusions)
Cautions about the Merrick model:
• Good for graphite and char (coke)
• Coal heat capacity data are limited
• Model does not fit data from different 

coal ranks very well!
• Coal data only extends to 200C (573 K)
In other words, keep a look out for better 

heat capacity data!



Thermal Conductivities
• Atkinson and Merrick (1983) report that the thermal conductivities k of coal, 

semi-cokes and cokes (W m-1 K-1) can be correlated as follows:
k = (t/4511)3.5 T0.5

where t is the true density of the material (2260 kg m3 for amorphous 
carbon, 1279 kg m3 for coal)

• The temperature dependence of this correlation does not agree well with 
the findings of Badzioch, et al. (1964), which are approximately correlated 
by the following expression:

k = 0.23 300 K < T < 773 K
k = (T/255) – 2.8 773 K < T < 1173 K

• The two expressions agree at temperatures below 800 K, but the data and 
correlation from Badzioch and coworkers indicate significantly higher 
thermal conductivities at temperatures greater than 800 K.

Recommendation
• Set the thermal conductivity to 0.25, which  agrees with all of the data at 

temperatures below 800 K, and agrees somewhat with the correlation of 
Atkinson and Merrick at even higher temperatures.



1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2Th
er

m
al

 C
on

du
ct

iv
ity

 (W
 

m
-1

 K
-1

)

18001600140012001000800600400200

Temperature (K)

 Badzioch et al. (1964)
 Atkinson and Merrick (1983)

Comparison of thermal conductivity correlations from
Atkinson and Merrick (1983) and Badzioch et al. (1964).



Single Particle Energy Equation

• Temperature form

• Enthalpy form

• where
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Particle Size Distribution
• In general, means are defined as:

• Mass mean:
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Particle Size Distributions (cont.)
• Mass per particle:

• Number of particles = mass/(mass per particle)
• Number mean becomes:

3

3
4 rmp 
























































n

i ii

i

n

i i

i
i

n

i ii

i

n

i i

i
i

n

d
w
d
wd

d
w

d
wd

d

1
3

1
3

1
3

1
3

6

6







Please compute the number distribution (# vs. diameter in microns) for 
the following mass distribution 

Mesh Size 
(passing)

400 325 270 250 200 170 140

Weight 
(%)

5 10 20 30 20 10 5
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From Perry’s Chemical Engineers’ Handbook



Rosin-Rammler Distribution
(similar to a Weibull distribution)
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where f is the cumulative weight 
fraction under size d, and a and n
are fitting parameters.
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Internal Surface Areas
• Internal surface areas are measured by 

adsorption of some gas (N2, CO2, O2, Ar)
• Units are generally m2/g
• Raw coal generally has less surface area 

than char (after devolatilization) 
• CO2 method generally gives larger internal 

surface area than N2 method
• No method is accepted as standard



Internal Surface Area Data

From Gan et al. Fuel, Vol. 51 (1972)



N2 Internal Surface Area Data

Internal surface areas of char particles from different coals as a function of 
residence time, as measured by the N2 BET method. 
From Fletcher Sandia Milestone Report
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Heating Value
• A common terminology has been adopted in the United States 

regarding the heating value of coal.  The term "high heating value" is 
defined to be the calorific value of coal, computed as if the water 
(H2O) products of coal combustion end up in the liquid form.

• In other words,
• C ==> CO2 (gas)
• H ==> H2O (liquid)
• O ==> O2 (gas), which helps burn the C, H, and S
• N ==> N2 (gas)
• S ==> SO2 (gas)

• Qh = 145.44 (%C) + 620 [(%H) - (%O)/8] + 41(%S) (Btu/lb)
(DuLong formula)

• Ql = Qh - 92.7 (%H) (Btu/lb)

(daf compositions)

(Ql and Qh are positive when exothermic)

(from Perry's Chem. Eng. Handbook)



Heating Value (cont.)

Note:
• If the high heating value of the coal is defined to have the hydrogen 

products end up as H2O (liq.), then the latent heat of moisture 
evaporation is automatically removed from the problem.

• % moisture = %H2O (liq.) ==> H2O (liq.) Hreact = 0.0

• So:
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Other Heating Value Correlations
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