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Introduction

During the past several years, studies have demonstrated that the petro-
graphic properties of coals can be correlated with their carbonization behavior
and coking properties.—><>35™> * While coal is being examined petrographically,

a measurement is made of the reflectance of the vitrinite in the crushed coal
sample. This reflectance has been shown to be directly related to the rank of

the coal. Furthermore, it is well known that rank is important in the determina-
tion of other carbonization characteristics such as volume change and coking
pressure. Since a general relationship prevails between rank and these parameters,
a correlatio w?uld be better if it were confined to a narrow range of coals or
coal blends.®»7T

In a previous paper6) the authors showed that the volume-change
characteristics (expansion-contraction in the sole-heated oven) were related to
the plastic and chemical properties of several Alabama medium-volatile coals.

In the present paper, the authors demonstrate how not only volume change but also
coking pressure are related to the chemical and plastic properties and petrographic
characteristics of washed coal samples.

Experimental

The samples consisted of a series of six composites of the daily production
from each of several mines operating in the Pratt, American, and Mary Lee seams
(Table I). All samples were taken on consecutive days except for those from Mine B
in the Pratt seam; the last three samples from this mine were taken six months after
the first three. :

For the tests in both the 30-1b pressure-test oven and the sole-heated
oven, the coals were pulverized to minus 1/4 inch and dried to about 1 percent
moisture. 'These conditions were used to obtaln more reliable results in these
small ovens and to permit comparisons with the results of the earlier work. Tge
oven designs and heating programs have been described in earlier publications. »7,8)
Petrographic, chemical, and plastic properties of the various samples are listed
in Table I. Corresponding carbonization data are given in Table II.

% See references.



Relation Between Petrographic and Chemical Characteristics

Since reflectance furnishes a relatively precise measurement of rank,l)
the amounts of the entity types present in the coal as determined petrographically
should be related to a chemical-rank parameter, such as volatile matter content.
Figure 1 shows the‘rela%ion between volatile matter content and reflectance of
the entities in coals. In general, the exinoids in a coal contain considerably
more volatile matter than the vitrinoids of the same rank, and both the exinoids
and the vitrinoids contain more volatile matter than the inert semifusinoids,
micrinoids, and fusinoids. This is illustrated in Figure 1, in which reflectance
of the principal entities is plotted against their volatile matter contents. The
different volatile matter contents of the entities are apparent from the lines
connecting entities of the same rank. Also one can see how the differences in
volatile matter contents become less as the rank increases.

The average vitrinoid reflectance calculated from the quantitative
petrographic analysis can be used to calculate the volatile matter content of
a coal, by means of the following formula developed by Van Krevelen and Schuyer.3)

E v M
W = 100 VMe + 100 VM, + 166 VMp

where VM, is the dry, ash-free volatile matter content of the coal; VMg, VMy, and
VM, the dry, ash-free volatile matter contents of the entities; E the percentage
of exinoids and resinoids in the coal; V the percentage of vitrinoid plus 1/3
semifusinoids; and M the percentage of inert entities (micrinoids, fusinoids,

and 2/3 semifusinoids). In Figure 2 a good correlation is apparent between the
volatile matter from the proximate analysis and that obtained by use of the above
equation. The calculated volatile matters in Figure 2 are based on the use of
the entity volatile matter values published by Van Krevelen and Schuyer.3) If
volatile matter contents are obtained for these entities of the coals being
worked with, even better agreement between the calculated values and those from
the proximate analysis should be obtained.

Volumé-Change Characteristics

Figure 3 shows the relationship of the maximum fluidity of these coals
to the average reflectance of the vitrinoids in them. 1In general, as the average
reflectance of the vitrinoids increases, the maximum fluidity decreases. Pratt-
seam Mine-B samples exhibit the highest fluidity; Pratt-seam Mine-C and the Mary
Lee-seam samples, intermediate fluidities; and Pratt-seam Mine-A and American-seam
samples, the lowest fluidities.

Figure L4 shows the relationship between the volume-change characteristics
of these coals and the average reflectance of the vitrinoids present. The-volume-
change data have been corrected93 to a bulk density of 55 1b of dry coal per cubic
foot. This figure indicates that the coals containing vitrinoids with reflectance
below about 1.1k percent contract strongly, and that those having vitrinoid
reflectance above 1.1l percent are less contracting and show increasing tendency
toward expansion as the vitrinoid reflectance increases. It should be noted that
the Mine-B Pratt-seam samples showed the widest range in volume change and also
the wilest range in total inerts (Table I) of all the coals. This range of inerts
shows the importance of the inert content of a coal in determining its volume-change
cnarecteristics.® This is illustrated in Figure 5, in which the volume change of
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American-scam coal is plotted against its total inert content. The samples included
a very narrow range of rank and had reflectances between 1.206 and 1.223 percent.
The transition between contraction and expansion falls between a total inert content
of 20 to 21 percent. Beyond this the contraction increases as the amount of inerts
increases. Evidently the "pure" coal reactive entities could be expected to be
expanding in nature and any increase in the amount of inerts would dilute this
effect so that the coal would be less expanding or even contracting. The particle
size of the inerts would influence the degree of this effect. Conversely, the
opposite effect has been noted wherein if the "pure" coal reactive entities are
contracting, the addition of inerts results in less contraction. This would be
expected since the inert material, which shows little change in volume during
carbonization, would dilute the contracting nature of the 'pure" coal reactives.

In the previous study,6) volume changes of the coals in the sole-heated
oven were correlated with thelr maximum fluidities. This relationship is shown
in Figure 6. The band represents the range of values noted in the earlier work, )
within which the washed coal samples fall. This demonstrates the usefulness of
the Gieseler Plastometer in assaylng the expansion-contraction properties. Here
agaln, those coals having a maximum fluidity above 10,000 dial divisions per minute
should be contracting, and could be expected to give no difficulty in the pushing
of the coke if operating practices are under control.

Figure T shows the correlation between the volatile matter content and
the volume changes for these coals. Because both volatile matter and reflectance
are measures of rank, volatile matter would be expected to yleld ? relationship
similar to that obtained in Figure 4. The authors' earlier work6 indicates that
a useful method of estimating the comparative expansion-contraction characteristics
of these washed coals should result from a multiple correlation with the ash along
with the volatile matter contents. However, because the present washed samples
did not show enough variation in ash content between samples from each mine, ash
is not significant in the correlation. This does not mean that it should be dis-
regarded in coals that show a greater degree of variability than these samples had.
Within a narrow range of ash contents, however, inerts are important, as shown in
Figure 5.

Coking Pressure

Since both volume change and coking pressure appear to be the result of
the same basic phenomena occurring in coal during heating, these two carbonization
characteristics would be expected to correlate under certain conditions. Further-
more, it is generally accepted that coals exhibiting a coking pressure greater than
about 2 1b per square, inch or having less than approximately T percent contraction
should not be used. 0 It is not within the scope of this paper to judge the
validity of these limits. However, if these or any similar set of limits are used,
then some coals will, at a particular operating bulk density, meet one of these
limits, but not the other. Therefore, it would be desirable if petrographic,
chemical, or plastic properties of these coals could be used to estimate the coking
pressure that might develop.

The relationship between cokling pressure of the coal and average reflectance
of the vitrinocids in the coal is shown in Figure 8. The data on the Mary Lee-seam
samples are not shown in this figure nor in those that follow, because these samples
hai higher oven bulk densities than the samples from the other seams. These higher
bulk densities were the result of the coarser particle-size distribution obtained
in pulverizinz the higher ash Mary Lee ¢oals, even though they were pulverized to
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the same top size as the lower ash coals used. In Figure 8, samples having an
average reflectance of less than 1.18 percent should not exhibit a coking pressure
in excess of the 2 1b per square inch usually considered as the limiting pressure
for safe oven operations. :

A similar relationship is noted in Figure 9 between coking pressure and
volatile matter. In this figure, those coals having a volatile matter greater than
28 percent exhibit coking pressure less than this 2-psi limit, and therefore could
be used safely at the bulk densities listed.

The relationship between the coking pressure and the maximum fluidity
is shown in Figure 10. Those coals having a Gieseler maximum fluidity in excess
of 10,000 dial divisions per minute should not offer any problems with pressure in-
the oven. Note that this is the same 1limit that was found for the vol -change
characteristics. This lends support to the idea put forth by Potterdl) that these
carbonization properties could be expected to correlate under certain conditions.

Summary

The chief finding of this investigation was that reflectance of the
vitrinoids, volatile matter content, and maximum fluidity can be used to obtain
an estimate of the expansion-contraction behavior and coking pressure exhibited
by these medium-volatile coals. Thus, these carbonization characteristics can be
estimated from the parameter most readily available.
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In reference 6 two graphs were reversed and should be corrected as follows:

that on page 767 should be titled "Figure &§. Comparison of Site and Zone Samples
from the Mary Lee Seam Mine;" and that on page 768 should be titled "Figure T.
Comparison of Site and Zone Samples from American Seam Mine."
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Figure 5. Relationship of Volume Change and Inert Content
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