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APPENDIX K

COAL REACTIVITY ANALYSIS



Hazen Research, Inc.
4601 Indiana Street. Golden, CO 80403
Tel: (303) 279-4501
Fax: (303) 278-1528

April 20, 2000

FEDERAL EXP~S TRANSMITf AL

Mr. Paul White
Pioneer Coal Ltd.
1535 Drummond Road
Westville, Nova Scotia
Canada BOK 2AO

Re: Analyses and Reactivity of Pioneer Coal Sample
Hazen Project 9653

Dear Mr.

Pioneer Cape Ltd. (Pioneer) authorized Hazen Research. Inc. to conduct tests on one submitted coal
sample to measure its relative reactivity as detennined by the oxygen uptake test in air and the self-
heating test in moist oxygen. Pioneer also asked Hazen to obtain ultimate, proximate, British
thermal unit (Btu), and su1fur-form values.

The coal sample did not evolve gases (methane or other low-molecular weight hydrocarbons) during
the oxygen uptake tests, and the sample exhibited slow oxygen absorption. The calculated first-
order oxygen adsorption rates were relatively low, between 0.0018 and 0.002 hour-I after 24 hours.
A reference sample of reactive subbituminous coal obtained from the Powder River Basin (PRB)
in Wyoming had a higher reaction rate of 0.0040 hour-I, twice as high as the Pioneer sample.

The self-heating tests showed that the coal sample had very little tendency to self-heat at 74°C in
the presence of moist oxygen.

The ultimate, proximate, and Btu analyses were consistent with high-volatile A bituminous coals.
The sulfur content of the coal sample was 1.26% on a dry basis.

The coal sample did not exhibit significant self-heating at its as-received moisture content of 8.81 %.
The oxygen uptake tests indicated a slow rate of oxygen uptake for the coal sample. ,
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OXYGEN UPTAKE TESTS

Hazen has adapted the sealed flask test procedure developed by the U.S. Bureau of Mines
(USBM)\ to provide a relative indication of low-temperature reactivity of raw or upgraded coals.
In Hazen's procedure, samples are tested without drying, rather than having been dried and crushed
prior to testing, as in the USBM procedure. Test results are reported in terms of a first-order
reaction rate constant.

The oxygen uptake test provides an indication of oxidation and/or oxygen adsorption at ambient
temperature. Neither the oxygen uptake nor the self-heating test should be used to directly predict
spontaneous combustion tendencies during storage of large bulk samples.

Samples for oxygen uptake tests were sealed in one-liter stainless steel bombs containing an air
abnosphere. A ratio of 100 grams of as-received sample to one liter of air was chosen on the basis
of USBM work and the anticipated reactivity of the range of samples tested. The pressure in each
bomb was adjusted to sea-level pressure (760 millimeters (min) of mercury absolute) by injecting
air from a large syringe through a septum fitted into the top of the bomb. This adjustment allowed
each test to be conducted under standard conditions, without variations due to local atmospheric
pressure. Pressure measurement was made via a transducer, which was fitted into the bomb lid.
The transducer measures from 0 to 776 mm mercury absolute, with an output from 0 to 100
millivolts (mv). After a bomb containing the desired weight of coal was sealed. air was injected
until a pressure transducer reading of about 100 mv was obtained. Tests were performed in a water
bath maintained at 24 °C (75°F). Pressure transducer millivolt readings were converted to pressure
readings expressed in millimeters of mercury corrected to a constant temperature of 23 °C. Prior
to starting tests with coal, each bomb lid and all fittings were checked for leaks by pumping each
empty bomb to about 760 mm mercury absolute pressure to demonstrate no loss of pressure for
about 24 hours. The oxygen uptake tests on the as-received raw coal samples were run in triplicate.

Routine measurements taken during the tests included bath temperature, transducer pressure
(millivolt reading), and elapsed time for each flask. Typically, after the fIrSt day of each test,
readings were obtained about once or twice each day. At the end of the test, the gases above the
coal sample were analyzed for oxygen, nitrogen, hydrogen, carbon monoxide, carbon dioxide,
methane, ethane, and acetylene.

~.'

J

J
J

1 Miron, Yael, Smith, A. C., and L~z:l~ra, C. P. (1990), Sealed Flask Test for Evaluating the
Self-heating Tendencies of Coals, U.S. Bureau of Mines, Report of Investigations RI 9330.
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Assuming that all pressure depletion was a result of oxygen uptake by the coal, the total pressure
remaining in the flask completely depleted of oxygen would be about 601 mm mercury absolute.
This assumes no byproduct gas fonnation (CO or CO2, for example). Generally, CO2 would be
expected to represent byproduct gas generated or released in greatest amounts at ambient
temperature. Based on USBM data, coals that have been dried evolve much less CO2 than fresh,
raw coal samples. In any event, the byproduct gas formation was expected to be minor relative
to oxygen uptake.

The rate of oxygen uptake is a function of the type of reaction and the rate of reaction. A rate
constant is applicable to specific test conditions (temperature, coal-to-air ratio, particle size, etc.),
as shown below:

where C is the concentration of oxygen, k the rate constant, t the #me, and n the order of the
reaction.

By placing dtis equatIon

The slope of the plot of dC/dt versus C is the order of the reaction, D.

By rearranging and integrating the original differential equation from t1 to ~. we obtain the
following for a first-order reaction (n = 1):

where:

-dC = kC.
-a;-

in its logarithmic fonn, we obtain:

-log (dCldt) = n log C + log k

In (CICt> = -k (t2 - tt>

C1
= (760 - 6OO.8)n60 = 0.2095 aIm

C2 = (P 2 - 6OO.8)n60

Hazen Research, ~.
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and where: CI = Oxygen concentration (or oxygen partial pressure remaining) at tl, atm
~ = Oxygen concentration (or oxygen partial pressure remaining) at ~, atm
p 2 = Absolute pressure in mm Hg, at elapsed time, ~

~
k

Elapsed time, hours
Rate constant, hour-I

-

First-order reactions also follow the general guideline that equal times are required to reduce, by
the same relative amount. the value of C starting from any initial value.

The rate constant is used to compare the relative differences in oxygen uptake from one sample to
another. Generally, for similar types of coal, higher rate constants indicate greater reactivity. Rate
constants can vary by as much as two orders of magnitude, depending on the reactivity of the
sample, storage conditions (previous exposure to oxygen), particle size, temperature, etc.

SELF-HEATING TESTS

The self-heating test used at Hazen provides a relative comparison -'bf the self-heating tendencies
of coarse coal samples by subjecting the samples to worst-case conditions in a controlled
environment By elevating the temperature of the samples to approximately 74°C and then passing
warm. moist oxygen at approximately 74°C through the samples, conditions conducive to self-
heating are produced. The mechanism of self-heating has two steps: I) moisture adsorption on the
surface, which raises the temperature due to the release of the latent heat of condensation, and 2)
if sufficient moisture condenses on the surface, it will raise the temperature of the coal enough to
self-heat by adsorption and chemical reaction of the oxygen with the coal. It should be noted that
the test is intended only to provide a relative comparison of the samples under similar conditions,
not to predict the behavior of the products in storage or in transport Because exposure of samples
to air or oxygen prior to testing can significantly affect test results by altering the surface reactivity,
consideration should be given to the sampling and storage methods employed.

The self-heating reactor consists of a stainless steel chamber with a false bottom. A fine stainless
steel screen supports a sand bed that evenly disperses the gas entering from the bottom through the
coal bed above. A thermocouple located in the side of the reactor extends into the center of the
coal bed. A second thermocouple extends vertically from the lid of the reactor to near the bottom
of the coal bed. Oxygen is passed through a water bubbler located inside the oven, so that the inlet
gas is preheated and saturated with moisture at the reactor inlet temperature.

--'

To run a test, the reactor (containing a three-kilogram sample) and gas saturator were first purged
with nitrogen and preheated overnight to approximately 165°P (74°C) in a closed oven. Oxygen
flow was then started at 1.5 liters per minute. Gas exiting the reactor passed through a condenser
to remove moisture and then into a gas analysis train, which analyzed for hydrogen, oxygen,
nitrogen, caroon monoxide, carbon dioxide, methane, ethane, and acetylene. The temperature of

Hazen Researdt. k'Ic.
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the coal inside the reactor and the composition of the gas leaving the reactor were monitored
throughout the test. The tests were continued for approximately five hours, or until the temperature
of the coal bed exceeded 150°C. At the conclusion of the test, the flow of moist oxygen was
stopped, and dry nitrogen was introduced while the reactor cooled.

ULTIMATE, PROXIMATE, BTU, AND SULFUR FORMS

These standard tests were run according to ASTM Procedures 0-3176 and D-3172.

--'

OXYGEN UPTAKE ~TS

Figures lA through lC (enclosed) show the pressure history of the oxygen uptake tests for the coal
sample run in triplicate. Figure 2 (enclosed) shows the results fot the reactive reference PRB

sample.-J

Table 1 shows the results of the gas analyses.
of each of the three Pioneer sample flasks and from one reference PRB coal sample flask using a

gas-tight syringe.

Pioneer Coal Ltd. Oxygen Uptake Gas Chromatograph DataTable 1.

The oxygen contents of the
were very similar, at 14%.

TEST ~ UL TS

A sample of gas was removed from the head space

atmospheres above the triplicate Pioneer samples after nearly 120 hours
The reaction rate calculated from these test data assumes that the rate

Hazen ReseIW'ch . ~ .
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of oxygen absorption is a first-orner reaction with respect to oxygen concentration. The oxygen
concentration above the more reactive PRB coal sample was 0.2%, about I % of the starting value
of 20.95%.

-'

TESTSSELF-IlEA TIN G

The self-heating test with the Pioneer coal sample was uneventful, as shown in Figure 3 (enclosed).
The temperature of the bed never rose above the :tloC error band of the starting temperature.
When the flow of moist oxygen was started, the lower-bed temperature was 75°C. During the next
hour, this temperature briefly rose to 80°C. After two hours, this temperature returned to the
starting temperature of 75°C. No carbon monoxide and only trace amounts of carbon dioxide were
detected, at 0.040 to 0.055%.

ULTIMATE, PROXIMATE, AND BTU ANALYSES

shows the results of the ultimate, proximate, and Btu analyses.Table 2 (enclosed)

The Pioneer coal can be classified as high-volatile A bituminous coal, according to the 1994 Annual
Book of ASTM Standards, Volume 5 D 388. This classification is based on a flXed-carbon content
of less than 69%, volatile content of over 31 %, and HHV of over 14,(XX) Btu/lb (all on a dry,
mineral-free basis)!

If you have any questions concerning this report, please call Mr. Rick Kenney or me.

Sincerely,

,;~:~~~~.e:,,<z~2,1;~~~~~~~,,~~l..

Robert A Reeves, P .E.

Project Manager

RAR:wk
Enclosures

Rick Kenney,Hazenxc:

2 Perry, R. H. and Green, D. W., loco cit, p. 27-4.

Hazen Reseaa,. ~.
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Ultimate, Proximate, Btu, and Sulfur Forms Analyses
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