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Class 5
Advanced Coal 
Characterization 
Techniques

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?
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Techniques
Technique Cost Capability

FTIR $50-100K Gas, liquids, solid spectra.
Limited for heavy hydrocarbons.
Capable of trace quantities for specific species.

MS $75-500K Gas and light liquids, no solids.
Can be combined with GC.
Peaks vs MW.

GC $50-100K Gas and light liquids. Peaks vs time must be 
calibrated.

Extraction $20K Chemical extraction, must be combined with 
another technique for analysis.

NMR $500K+ Solids (13C NMR) or liquids (1H NMR). Spins 
samples in large supercooled magnet, 
generates Fourier transform of spectra.

HPLC High MW liquids

FTIR
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Mass Spectrometer

Gas Chromatography

http://chemicalinstrumentation.weebly.com/gc.html
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Nuclear Magnetic 
Resonance (NMR) Analysis

https://nationalmaglab.org/user-facilities/nmr-mri/nmr-instruments/700-mhz

https://www.researchgate.net/figure/Simplified-diagram-of-a-nuclear-
magnetic-resonance-spectrometer-At-the-heart-of-the-
1H_fig2_266562962

High Performance Liquid 
Chromatography (HPLC)
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Characterization Techniques

• Py-FIMS (Figure 28)

• Extracts/Depolymerization
– Table 37

– Figures 45, 46, 47

Py-FIMS

Simmleit et al., in Advances in 
Coal Spectroscopy, Plenum, 
New York, pp. 295-339 (1992)
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Extraction

Extraction
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NMR Analysis

https://nationalmaglab.org/user-facilities/nmr-mri/nmr-instruments/700-mhz
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13C NMR Analysis

Aromatic
Aliphatic

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

Empirical Relationship to Get # of C/Cluster
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Chemical Structure Relationships
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From Solum et al.,
Energy & Fuels (1989)

From Solum et al.,
Energy & Fuels (1989)
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Representative chemical structures identified 
in 13C NMR analyses of coals
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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)
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FTIR

FTIR Data
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FTIR Data on Argonne Premium Coals

Baxter, Fletcher, Ottesen
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Typical Coal Spectra

Bituminous Coal vs Char Spectra (Pitt 8)

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

Flat here!
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FTIR Data
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NMR Data

Summary sheets
(Lee Smith liked these)

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