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ABSTRACT

OBJECTIVE:  The primary objective of this project is to determine the forms of nitrogen in coal that
lead to nitrogen release during devolatilization.  Specific questions to be addressed are:
1. Why do low rank coals (i.e., lignites) release as much nitrogen during devolatilization as hva

bituminous coals when the tar yields are markedly different?
2. Why do coals of similar rank and elemental composition release different amounts of nitrogen

during devolatilization?
It is thought that these questions can be answered in terms of the chemical structural features of the coal.
 This work focuses on determining the chemical structural features of coal tar and char at varying degrees
of devolatilization.  These features are determined through the use of 13C and 15N NMR and XPS.  Two
reactor systems are utilized in this project.  A drop tube reactor (HPCP) is used to produce partially
devolatilized samples and a flat flame burner (FFB) is used to provide high temperature, high heating rate
pyrolysis products.

ACCOMPLISHMENTS AND CONCLUSIONS:
• Mild pyrolysis experiments (820 to 1200 K, 170 to 412 ms) were performed on four coals

(ranging in rank from subbituminous A to low volatile bituminous) and one lignite.  The coal, char
and tar samples from one pyrolysis condition were analyzed with solid-state 13C NMR.  These
NMR data represent the first set of matched coal/char/tar chemical structural data obtained using
solid-state 13C NMR.

• In these analyses, the tar structure was found to be significantly different from the structure of
the coal.  The carbon aromaticity of the tar was found to be 14 to 53 percent higher than that of the
parent coal.  This increase in aromaticity in the tars is due to the decrease in the number and size of
side chains attached to the aromatic cluster.  The average number of aromatic carbons per cluster
(CCl) in the tar is similar to CCl in the parent coal.  The number of side chains per cluster (S.C.) in the
tar is 56 to 82 percent lower than the coal on a relative basis.  The molecular weight of attachments



(MWδ) in the tar is observed to be 57 to 68 percent lower than the coal on a relative basis.  The fact
that CCl in the tar and coal are similar and that S.C. and MWδ are greatly lower in the tar, is consistent
with the increased aromaticity of the tars as compared to the parent coals.

• Additionally, the molecular weight per cluster in the tar is lower than reported average tar
molecular weights, these data imply that tar is made up of a number of multiple clusters (dimers,
trimers, etc.) as well as single clusters (i.e., monomers).

• In these analyses, the char structure was found to be similar to the char structure in many
respects.  The only major differences between the structures of the char and tar were seen in the
cluster attachments (B.L. and S.C.).  The number bridges and loops per cluster (B.L.) in the char is
generally much larger than B.L. in the tar (0 to 41 percent larger).  The number of side chains per
cluster (S.C.) in the char is generally lower than S.C. in the tar (28 to 80 percent).

• The mass of nitrogen per cluster in the tar was found to be similar to the mass of nitrogen in the
char for the three highest rank coals.  This finding and the finding that CCl,tar ≅ CCl,coal indicate that
several assumptions that are commonly made in coal nitrogen devolatilization models may be
reasonable.

• An Argonne Premium Coal (APC) sample of Pocahontas #3 coal was analyzed using 15N NMR
with Dynamic Nuclear Polarization (DNP) techniques; this analysis indicates that significant
enhancements may be gained with DNP techniques.
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