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ABSTRACT

Enthalpy measurements over the range 65 to 700 F and 100 to 1500
psia were made on a coal-derived 1iquid using a Freon 11 reference calori-
meter. The coal liquid was produced from a western Kentucky coal using
the Char-0i1-Energy-Development (COED) process, and was analyzed by the
Bartlesville Energy Research Center (BERC/RI-75/12, November, 1975) prior
to the measurements.

INTRODUCT ION

Thermodynamic property research is justly recognized as invaluable
by process and design engineers in the petroleum, chemical, and allied
industries. Calorimetric measurements of specific heats or enthalpies,
pressure-density-temperature measurements, and phase equilibrium deter-
mination, for pure fluids or complex mixtures, are all essential in the
optimum design of both physical and chemical processing units.

Coal-derived 1iquids are a new and vital class of industrial compounds,
but have thermodynamic properties that are largely unknown and, presently,
unpredictable. The objective of this research is to measure one of the
most important thermodynamic properties, the enthalpy, for representative
coal-derived liquids over the pressure and temperature regions most likely
to be encountered in both Tiquefaction and processing systems.

The research program is divided into three major areas:

(1) design, construction, and evaluation of a freon boil off
calorimeter for temperatures of 70 to 700°F and pressures
to 2000 psig,

(2) enthalpy measurements on samples of well-defined coal-
derived liquids, and

(3) preparation of engineering correlations for the measured
enthalpy data, and comparison with representative data for
petroleum and petroleum fractions.

The work reported here is one part of item 2, that is a complete set

of enthalpy measurements on a whole (unfractionated) sample of liquid
derived from a western Kentucky coal by the COED process.
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RESULTS AND DISCUSSION

The 1iquid used in this work was analyzed by the ERDA Bartlesville
Energy Research Center, and the results of their work are available.
(G. P. Sturm, Jr., P. W. Woodward, J. W. Vogh, S. A. Holmer, J. E. Dooley,
"Analyzing Syncrude from Western Kentucky Coal,"” BERC/RI-75/12).

The samples used in the calorimetric are from the same Tot used by
BERC in its characterization studies. The sample was prepared by filtering
with Whatman, quality number 1, filter paper before being charged to the
system. The enthalpy of the sample was measured along four different
isobars (100, 500, 1000, 1500 psia) with the calorimeter inlet temperature
varying over the range of 122-7050F. The data are presented in the
accompanying table and figures.

The outlet temperature was corrected to the base of 65°F using the
heat capacity at this temperature ag found from the measured enthalpy vs.
temperature curve (CP = 0.44 Btu/1b F). This correction never amounted
to more than 0.3 Btu/1bm. The outlet pressure was corrected to a reference
of T atm. using the Kesler-Lee correlations (Lee, B. I. and Kesler, M. G.,
AICHE Journat, 21, 510 (1975); Kesler, M. G. and Lee, B. I., Hydrocarbon

Processing, 55, No. 3, 153, (1976)). The pressure corrections are shown
in the table.

From the figures it can be seen that for the Western Kentucky syncrude
the enthalpy was not a significant function of pressure at high pressures
(500 to 1500 psia) where the sample was essentially a liquid at all tempera-
tures. At the lowest pressure of 100 psia where significant vaporization
occurs at higher temperatures, the enthalpy is greater at lower pressures
(100 psia versus 500 psia).

During the enthalpy measurements, what appeared to be thermal cracking
was often observed at pressures above 500 psia and at inlet temperatures
above 600°F. The cracked fluid foamed into the collection tube, appeared
to be less viscous and changed to a tighter color. The foaming was believed

to be the result of a large volume of gas produced by cracking of the sample.

An obnoxious odor was also associated with the cracked sample. The cracked-
sample enthalpy measurements were higher than the values for the uncracked
material possibly due to vapor entrainment. One possible explanation for
the cracking is a catalytic effect due to the stainless steel-wall of the
preheater bath coil. Several modifications were tried in order to correct
the problem, including replacing the coil, and more gradual preheating of
the 0il without much success. A major difficulty is the apparent randomness
of occurance of the cracking. On some runs, the sample cracks and foaming
is observed while on others it does not. Several operations are under
consideration which could reduce or eliminate decomposition, including
hydrogen sulfide flushing of the coil to poison catalytic surface sites,

and deaeration of the sample after every run to prevent oxidation reactions.
However, until some more definitive conclusions can be drawn, our present
operating policy at high temperatures is to complete runs until foaming

and sample decomposition occurs. At such time, the system is drained and
refilled with fresh sample.
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Gas chromatograms of the sample in the system were taken periodically.
Chromatograms of the uncracked material showed the same characteristic peaks;
however, those of the cracked sample showed small compositional changes in the
low temperature boiling range.
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