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ABSTRACT

Reactivities in 0.1 MPa of air of seven chars obtained as residues in selected coal conver-
sion processes have been determined at temperatures helow their processing conditions.
Even though reactivities vary hy some 200 times, activation energies for reaction, as deter-
mined from Arrhenius plots, are all close to 130 kd/mole. Differences in reactivities are
related to differences in parent coal rank and residence times and temperatures used upon
the conversion of the coals to chars.

INTRODUCTION

The overall economics of many commercial and developing coal gasifica-
tion and liquefaction processes are highly dependent on the reactivity of the
residual char. For example, if the char is sufficiently reactive, it can be used
to produce the (very expensive) H, necessary in liquefaction, via the char/
steam reaction. On the other hand, if it is relatively unreactive, it can only be
combusted for steam and/or power generation. In the production of liquids
by coal pyrolysis, char is, indeed, the prineipal product [1]. Also, in short-
residence-time gasification processes, such as, for example, the Rockwell
hydrogasification process [2], or a hypothetical process simulated in an
entrained-flow reactor, discussed in other parts of this study [3—6], a con-
siderable amount of char is produced.

It was shown recentily [6] that the gasification reactivity of a lignite char
produced in this laboratory is highly dependent on the temperature—time
history of the coal during pyrolysis. This reactivity was placed into perspective
by comparing it with that of chars and carbons of increasing purity and crys-
tallinity [5]. The observed gasification behavior was rationalized in terms of
the variation of active surface area caused by changes in pyrolysis conditions
[8, 4]. It is of interest to investigate whether this fundamental approach can
be used to understand, and hopefully predict, the gasification behavior of
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chars obtained in some of the above mentioned processes which are of imme-
diate commercial interest.

EXPERIMENTAL

Char samples [rom selected coal conversion processes were obtained through
cooperation with the Department of Chemical Engineering of Brigham
Young University. They are listed in Table 1, together with the available in-
formation on their production conditions {7]. Procedures used for measuring
reactivities in a TGA apparatus have been described previously [3—6, 8].

RESULTS AND DISCUSSION

Char reactivities in 0.1 MPa air are presented on an Arrhenius plot in Fig. 1
and on a normalized TGA plot in TFig. 2. Reaction conditions (temperature
and time to reach 50% conversion) are given in Fig. 2. It is seen in Fig. 1 that
the reactivities differ by as much as 200 times, the Occidenial char being
the most reactive and the Rockwell hydroliquefaction char (residence time
G600 ms) being the least reactive. However, the activation energy is the same
iry all cases, about 130 kd/mol, essentially identical to the value found for
the lignite chars in other parts of this study [3—67.

Interpretation and meaningful comparison of the reactivities shown in
Fig. 1 would require a better knowledge of the exact temperature—time his-
tories of the chars and a thorough study of their physical properties, not
available af the present time, Fundamental rate constants can be obtained
on the basis of the active surface area of the chars, as has been shown recently
by the authors {3, 4] . However, the existing general knowledge about these
chars does allow a qualitative discussion which is in agreement and consis-
tent with the results obtained in other parts of this study {3—6] for lignite
chars produced in the laboratory under controlled pyrolysis conditions.

it is seen, for example, that the increase in hydroliquefaction residence
time from 60 to 600 ms decreases the subsequent reactivity of the Rockwell
bituminous char by a factor of about two. From the general knowledge of
the composition and dispersion of the inorganic constituents in bituminous
coals, catalysis is not expected to play a major role in the reactivity of the
char. In lignite chars, where the catalytic effect of CaQ was shown to be
dominant {4], no deactivation {reactivity decrease) is produced in this short
time interval. On the other hand, when the inorganics are removed by acid
treatment, a twofold decrease in reactivity is observed when the pyrolysis
residence time (at 1275 K} is increased from 0.3 s to 1.8 s [3]. This deactiva-
tion was correlated with a decrease in the concentration of carbon active
sites, measured by oxygen chemisorption in the ahsence of gasification. The
gasification behavior of the Rockwell char is very similar to that of the de-
mineralized lignite char, both in the absolute values of their reactivity and
the dependence on pyrolysis conditions, Thus, its observed deactivation is
also expected to be due to a decrease in its concentration of carbon active
sites.
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Fig. 1. Reactivities in 0.1 MPa air of chars obtained as residues in selected coal conver-
sion processes: ¢ Qccidental; » TOSCOAL; 4 BIGAS; v COED; o Rockwell {Hydrogasifi-
cation); » Rockwell {Hydroliquefaction, residence time = 60 ms); « Rockwell (Hydrolique-
faction, residence time = 600 ms).

At the other extreme, the reactivity of the Occidental subbituminous char
is comparable to that of the short-residence-time raw and Ca-exchanged
lignite chars [6]. This is what one would predict on the basis of the expected
similarity in the composition and dispersion of their inorganic constituents
{principally cations exchanged on the carboxyl groups). In Ca-exchanged
lignite chars, turnover frequencies were obtained on the basis of the surface
area of CaQ, measured by X-ray diffraction line broadening {4}.

The reactivity of the BIGAS subbituminous char is lower than that of the
Occidental char by a factor of about fourteen. This is again what one would
predict, based on the more severe heat-treatment conditions of the BIGAS
process {see Table 1) and in accordance with the behavior of raw and Ca-ex-
changed lignite chars {4, 6]. For example, an increase in pyrolysis tempera-
ture from 975 to 1275 K resulied in a ten-fold decrease in the reactivity of
raw lignite char.

The TOSCOAL and COED bituminous chars are both seen to be more re-
active than the Rockwell bituminous chars. This is also understandable, on
the basis of their less severe heat treatment. The TOSCOAL char, being sub-
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Fig. 2. Normalized TGA plots in 0.1 MPa air for chars abtained as residues in selected
coal conversion processes: ¢ Occidental, T = 585 K (i35 = 45 min}; s TOSCOAL, T =
640 K (ty = 36 min); 4 BIGAS, T = 660 K (i, = 41 min); ¥ COED, T = 675 K (5 = 45
min}; ¢ Rockwell (Hydrogasification), T = 685 K (tg5 = 44 min).

jected to the least severe pyrolysis conditions is, indeed, more reactive than
a demineralized lignite char prepared under somewhat similar (more severe)
conditions (975 K, 1 h). For example, at 600 K, its reactivity is about 0.25
h™!, while that of the demineralized lignite char is about 0.04 h™! [9].

Figure 2 shows the shapes of the conversion vs. time plots for the various
chars. It is seen that in the region of 30—60% conversion, all the chars ex-
hibit very similar behavior. However, initially there is a wide variation in be-
havior, probably reflecting differences in the porous structure of the chars,
For example, the Occidental subbituminous char again behaves similarly to
the raw and Ca-exchanged lignite chars [9], the initial slope (reactivity)
being at the same time the maximum slope. At the other extreme, COED
char exhibits a substantial induction period before maximum reactivity is
observed. The understanding of these plots in terms of variation of active
surface area during reaction still represents a challenge to researchers in this
field.

The experimental results presented above show a striking similarity in the
gasification behavior of bituminous coal chars and demineralized lignite
chars on the one hand, and of subbituminous chars and raw lignite chars
on the other. The success of the authors in explaining the gasification be-
havior of lignite chars on the basis of their active surface area [3—5, 9] and
the above mentioned similarity support the usefulness of this fundamental
approach to the kinetics of coal char gasification in general. Further develop-
ment of this approach thus seems to be the most promising avenue of re-



search which will eventually lead to the possibility of reactor design on the
basis of rate parameters obtained in the laboratory. In particular, new and
complementary methods of measuring catalyst dispersion on the char sur-
face should be formulated. Also, the measurement of the variation of active
surface area with conversion is necessary, At the present time, our study has
demonstrated that the fundamental concept of active sites, developed in the
field of catalysis and carbon gasification, can be successfully used to quantify
in a meaningful manner and explain the complex gasification behavior of
coal chars.
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