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ABSTRACT 

The objective of this study is to elucidate the nature of the important linkages between aromatic 
clusters and variations of these links with coal rank. From studies using methods such as NMR and 
mass spectrometry, we have considerable information on the size and types of aromatic clusters in 
the Argonne coals. In this study, extracts, model polymers, extracted coals, and modified coals are 
examined by temperature resolved high resolution mass spectrometry. There is evidence that strong 
bond cleavage may be very important for volatile release in pyrolysis of higher rank coals. 

INTRODUCTION 

There is significant general information on the size and nature of the aromatic structures in coals, 
especially the Argonne Premium Coal Samples. A battery of methods have been used yielding 
global information by NMR,' XANES:3*4 XPS: and TGFTIR>7 and more specific class and size 
distribution by FJMS,8 HRMS?'' and LDMS." The nature and distribution of the linkages between 

these clusters is less well defined but are obviously important in any thermal process. A large 
number of studies have been done on the pyrolysis of the Argonne coals, for example: modified 
Rock-Eval pyrolysis,'2 pyrolysis MS,8.I2 and TGFTIR.6n7 It has been assumed that ethylene linkages 
are important in coals and that they are reactive. However, there is no direct evidence that this is the 
case. 

EXPERIMENTAL 

A complete description of the Argonne Premium Coal Samples is available via internet at: 
htrp://www.anl.gov/PCS/pcshome.hhnl and has been p~blished.'~ Important analytical data on the 
coals and pyridine extracts" are shown in Table 1. Nitrogen values are fairly constant between 1.3- 
1.7 N/ 100 carbons. 

Desorption high resolution mass spectra are taken on a 3-sector MS-50 either in electron impact or 
chemical ionization mode. Samples are heated from 200 to 700 "C at 200 "C/min on a probe 
directly in the source. The chemical ionization gas used was iso-butane. A Diels-Alder adduct of 
maleic anhydride and perdeuteroanthracene is used as an internal standard. Precise mass 
measurements are averaged from scans over the entire temperature range. Formulae are assigned 
and the data sorted via a procedure developed in this program. Only formulae that fit within f 3.5 
millimass units are considered. 

Table A- 1. Selected Analysis and Yields for the Argonne Premium Coal Samples. 

Pyridine 
Sample 0 Solubles 

# Name %C H S a b c Yield (w%) 

8 Beulah-Zap 74.1 80 0.4 21 31 7.7 18 
2 Wyodak-Anderson 76.0 86 0.2 18 22 7.3 29 
3 Illinois #6 80.7 77 1.2 13 10 5.0 29 
6 Blindcanyon 81.3 86 0.2 1 1  12 7.4 25 
4 Pittsburgh 85.0 77 0.4 8 9 6.0 24 
7 Lewiston-Stockton 85.5 76 0.3 9 10 6.7 17 
1 Upper Freeport 88.1 66 0.3 7 8 6.4 28 
5 Pocahontas #3 91.8 59 0.2 2 4 3.7 3 

a - Coal 
b - Extract 
c - Furans and Ethers 
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High resolution mass spectrometry data can be sorted by both heteroatom content and by hydrogen 
deficiency which is also termed double bond equivalents and is related to z-number. From hydrogen 
deficiency, the size of aromatic clusters can be estimated. 

RESULTS AND DISCUSSION 

In absolute numbers of oxygens per 100 carbon atoms determined by HRMS, the furans plus ethers 
are relatively constant compared to the total oxygen in the extracts as is shown in Table 1. This 
would suggest that the influence of these types of structures are relatively important and constant 
across all ranks for vitrinite rich coals. 

Because of these results, we decided to reinvestigate the reactivity of a model polymer with ether 
links. DCIMS results were examined since ions observed are the result of thermal fragmentation and 
not fragmentation in the source of the spectrometer. From the mass spectra recorded as a function 
of temperature a series of products were observed and are shown in Scheme 1 along with the 
polymer (I).'4 

' x  
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Strong bond cleavages occur at higher temperatures which would yield naphthalene (IV) and methyl 
naphthalene, and especially with the rearranged polymer resulting in VI and VII. For example, the 
naphthalene yield, which only can be formed fromcleavage of strong bonds, is maximum at 500 "C. 
In contrast, dihydroxybenzene (m/z =110) and dimethylnaphthalene peak at 300 "C. In Figure la, 
the temperature profile for dihydroxybenzene is compared between the polymer and the Illinois coal 
(APCS 3) extract. The coal yields below 400 "C are very small and maximize between 400-500 "C 
which would suggest that the bonding is not via oxygen-methylene linkages as is the case for the 
polymer. Ring methylated dihydrobenzene (vn) results from rearrangement of the polymer followed 
by cleavage. It is probably represented in the second peak for m/z=124 at -475 "C (see Figure Ib). 
The Illinois bituminous coal has a maximum at this temperature and several at even higher 
temperatures. While the low rank subbituminous coal is very broad and has a maximum at even a 
higher temperature; this broad type of distribution was also observed for phenol in lignite pyrolysis.12 
The oxygen functionality is likely to be undergoing some secondary reactions prior to release from 
the macromolecular matrix. 

Burnham, et using PyMS noticed greater high temperature tails for small unsubstituted 
aromatics compared to corresponding methyl derivatives for the higher rank coals. They suggested 
that this may be due to increased breaking of Ar-Ar bonds. We observed in the high rank coals that 



larger aromatics are released in greater quantities at high temperature compared to lower temperature 
while substituted aromatics tend to be more abundant at lower temperature. In Figure IC, we 
observed this effect for pyrendfluoranthene (m/z=202) compared to C,-pyrene (m/z=230) for the 
Pocahontas extract. In the lower rank Pittsburgh seam coal (Figure Id), the unsubstituted pyrene 
which can only be released by strong bond breaking, is still more abundant at high temperatures, but 
in addition, the alkylated aromatic is also released at higher temperatures. 

CONCLUSIONS 

The evidence suggests the strong bond breaking in pyrolysis is significant in higher rank coals and 
could play a role in the lower rank coal pyralysis. We are examining methods to better quantitate 
the extent of these types of cleavages in coal pyrolysis. 
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Figure 1.  Individual ion pyrograms from DCIMS for (a) Pocahontas (APCS 5) pyridine extract; 

(b) Pocahontas whole coal; (c) Pittsburgh (APCS 4) pyridine extract; and (d) m/z = 124, for the 
polymer (I), Wyodak-Anderson subbituminous coal (APCS 2) pyridine extract, and Illinois No. 
6 (APCS 3) pyridine extract. 


