
Class 3

Advanced Coal Characterization Techniques



Business
• Schedule

– BYU tour on Wednesday
– U of U tour on Friday (van needed?)
– IPP Tour

• Comments about book
– Not your normal textbook
– Good reference material
– Very heavy on organic chemistry
– Do your best in the time allotted!



Reading Questions
1. Please summarize the types of data used to formulate proposed coal 

molecules.
2. For NMR, PyMS, Extraction, and FTIR techniques, discuss the following:

a. Relative cost of the instrumentation
b. General types of information available (species considered, range of MW, % of 

coal observed, etc.)
c. Limitations/cautions about the data obtained
d. Rough idea of how the experiments are performed

3. What is the "mobile phase", and what evidence is there for this mobile phase 
in any of the four techniques from question 1?

4. Please stare at the Py-FIMS data in Figure 4.28 and describe the differences 
between coals. Don't forget to look at the scales on the y-axes.

5. Please compare the yields of extracts and depolymerization products in 
Table 4.37 with the spectra obtained on the different fractions in Figs. 4.45-
47. What is learned about the structure as a function of coal type from these 
data, and what fraction of the coal does it represent?

6. Please compare the types of data from the NMR analyses with the types of 
data obtained from the FTIR analyses. For similar types of data, please 
compare the numbers obtained from the two techniques. Which do you 
believe, and why?



Characterization Techniques
• Py-FIMS (Figure 28)
• Extracts/Depolymerization

– Table 37
– Figures 45, 46, 47



Py-FIMS



Extraction



Extraction





NMR Analysis



13C NMR Analysis

Aromatic
Aliphatic



From Solum et al.,
Energy & Fuels (1989)

Empirical Relationship to Get # of C/Cluster



Chemical Structure Relationships
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Attachments = side chains + bridges + loops (not hydrogen)
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From Solum et al.,
Energy & Fuels (1989)



From Solum et al.,
Energy & Fuels (1989)



Representative chemical structures identified 
in 13C NMR analyses of coals

CH2

OH

R

R

CH2 CH2 CH2

R

CH2

O

CH3

COOH

R

CH3

Loop

Aromatic Clusters

BridgesSide Chain

from Fletcher et al., Energy & Fuels (1992)



Representative chemical structures identified 
in 13C NMR analyses of coal chars
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MW of Attachments vs. Rank
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from Fletcher et al., Energy & Fuels (1992)



# Attachments / Cluster
Fraction of Attachments

that are Bridges (p0)

MW / Side Chain MW / Cluster
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FTIR



FTIR Data



FTIR Data on Argonne Premium Coals



Baxter, Fletcher, Ottesen



Typical Coal Spectra



Bituminous Coal vs Char Spectra (Pitt 8)

Message:
Chars have lost functional groups, emissivity becomes more gray.

Flat here!



FTIR Data
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Summary sheets
(Lee Smith liked these)

Caution:
Figures 60 and 61 have 
different captions, but have 
the same figures and data 
(for Blind Canyon)



Summary
Analytical Instruments
• NMR
• FTIR
• XPS

Destructive Methods
• Extraction

– Solvents
– HT-BCD

• Pyrolysis
• Mild oxidation (RuO)• MS

• GC
• HPLC



Concluding Remarks
• Why did we focus so much in the class on 

coal chemical structure, when this is a coal 
combustion class?

• Next class: Lab Tour at BYU
• Following class: Physical properties of 

coal


