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DISCLAIMER

This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the united
States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness,
or usefulness or _ny information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial
product, process service by trade name, trademark, manufacturer,
or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency thereof.
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EXECUTIVE SUMMARY

During this quarter the work on Task 3, char upgrading, was
in two areas; upgrading Penelec char made from Penelec filter cake
to blast furnace formed coke, and evaluating various bituminous
pitch binders.

The formed coke from Penelec filter cake was of good quality
with a high crush strength of 3000 pounds. The reactivity was not
equal to that of conventional coke but it is felt that it could be
m_de to equal conventional coke with further study, specifically
by adding binder coal to the raw material recipe.

The work evalu_ ing bituminous pitch binders confirmed
earlier tl_inking tllat _ill be valuable to a commercial scale-up.
Asphalt binders are compatible with coal tar binders and produce
a coke of equal quality. Hence asphalt binders can be used to
supply deficiencies of tar production in unl.s employing coals
with insufficient volatile matter to supply enough tar for the
coking process. Asphalt binders have abo_%t a 50% savings from
coal tar pitch.

During the 4th Quarter of 1991_ a total of 15 CMGU test runs
were made. Efforts continued to determine the optimum
forward/reverse ratio to maximize coa]. feed rate. The success of
these efforts has been limited with a maximum coal feed rate of
400 ibs/hr obtainable with a caking coal. The handicap of not
having screw shaft heaters cannot be overcome by adjustment of the
forward/reverse ratio.
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INTRODUCTION

Petroleum currently accounts for over 42% of the total energy
consumption in the United States; over 40% of the petroleum
consumed in the United States is imported from foreign countries.
The remaining oil reserve available in the United States is less
than 6% of proven recoverable fossil energy reserves while over
90% of the proven recoverable reserves are coal (i)*. Total coal

' #resources in the United States are estlma_ed to be more than 3 9
trillion tons (2). Just the demonstrated reserves, that is, the
deposits that are proven and can be economically mined using
today's technologies and mining techniques amount to 488 billion
tons. At an annual production rate of 900 mi].lion tons per year,
the demonstrated reserves alone will last more than 500 years. In

view of the very abundant coal reserves and limited petroleum
reserves, it would seem prudent to make good use of coal in our
evermore difficult pursuit of energy independence.

Devising a continuous reactor system that can deliver a good
quality co-products which require only minima], upgrading before
being marketed is a major challenge. At present, mild
gasification reactor configurations tend to fall into two broad
categories: circulating or fluidized bed types characterized by
high heating rates (up to I0,000 °C per second, or fixed or moving
bed types characterized by slow (on the order of 0.2 to 0.5°C per
second) heating rates. Circulating or fluidized-.bed types produce
high liquid yields at the expense of quality. Fixed or moving-bed
types produce better quality liquids but in lesser quantities. An
optimum reactor is envisioned as one which avoids the secondary
reactions associated with slow heating rates and the quality
problems associated with high heating rates. Importantly, an
optimum reactor would be capable of processing highly caking
coals. The reactor concept under' investigation in this effort is
an advanced derivative of a reactor once used in prior commercial
practice which approaches the characteristics of an optimum
reactor.

It is important that a mild gasification reactor interface
easily with the subsequent product upgrading steps in which the
market value of the products is enhanced. Upgrading and marketing
of the cl_ar are critical to the overall economics of a mild

gasification plant because char is the major product (65 to 75% of
the coal feedstock). In the past, the char product was sold as a
"smokeless" fuel, but in today's competitive markets the best
price for char as a fuel for steam generation would be that of the
parent coal _ubstantially higher prices could be obtained for
char upgraded into products such as metallurgical coke, graphite,
carbon electrode feedstock or a slurry fuel

*Numbers in parentheses indicate the refe_ence listed at the end
of this report.

1



replacement for No. 6 fuel oil. In this effort, upgrading
techniques are being developed to address these premium markets.
Liquid products can similarly be upgraded to high market value
products suc1% as high-density fuel, chemicals, binders for form
coke, and also gasoline and diesel blending stocks. About half of
the non-condensible fuel gases produced by the gasification
process will be required to operate the process; the unused
portion could be upgraded into value-added products or used as
fuel either internally or in "across the fence" sales.

The primary objective of this project is to develop an
advanced continuous mild gasification process and product
upgrading processes which will be capable of eventual
commercialization. The program consists of four tasks. Task 1 is
a literature survey of mild gasification processes and product
upgrading methods and also a market assessment of markets for mild
gasification products. Based on the literature survey, a mild
gasification process and char upgrading method will be identified
for further development. Task 2 is a bench-scale investigation of
mild gasification to generate design data for a larger scale
reactor. Task 3 is a bench-scale study of char upgrading to value
added products. Task 4 is being implemented by building and
operating a 1000-pound per hour demonstration facility. Task 4
also includes a tecl%nical and economic evaluation based on the

performance of the mild gasification demonstration facility.

4
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TASK I. LITERATI/RE SURVEYS AND MARKET ASSESSMENT

Obj ective

The objectives of this Task are: (I) to identify the most
suitable continuous mild gasification reactor system for
conducting bench-scale mild gasification studies; (2) to identify
the most feasible chemical or physical methods to upgrade the
char, condensibles and gas produced from mild gasification into
high profit end products; and (3) to assess the potential markets
for the upgraded products from this process.

Summary

This task was completed and the Topical Report was submitted
and approved by the DOE in January 1988 (3).

TASK 2. BEN CH-SCAZa_ MILD GASIFIC_%TION STUDY

Ob_jective

The objective of Task 2 is to study mild gasification in
bench-scale reactor(s) to obtain the necessary data for proper
design of the one ton/hour mild gasification screw reactor in
Task 4.

Summary

After much consideration, it was concluded that it would not
be necessary or desirable to build a bench-scale reactor.
Instead, data and experience from Dr. David Camp's single screw
reactor at Lawrence Livermore National Laboratory provided much
useful infon_ation for the design of the reactor for this project.
In addition, the information available from the literature on the

eight years of operation of the Hayes process at Moundsville, West
Virginia and the earlier Lauck's screw reactor supplied valuable

_ process design data.

TASK 3. BENCH:SCAI_ CHAR UPGRADING STUDY

- Nine briquetting tests were made in this quarter 122 through
130. In addition 300 pounds of formed coke were produced from
Penelec filter cake for evaluation.

The Penelec filter cake had the following proximate analysis
as received:

-
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As Received DrV Basis

% Moisture 44.22 -

% Ash 6.00 10.76

%Volatile 14.78 26.50

% Fixed Carbon 35.00 62.74

i00.00 I00.00

BTU/Ibs 7,744 13,883
% Sulfur .56 1.01

This filter cake was dried in the heater/mixer to less than
4% moisture, loaded into the mild gasification unit and made into

char with the following proximate analysis:

As Received Dr v Basis

% Moisture .80 -

% Ash 12.56 12.66

%Volatile 5.68 5.73

% Fixed Carbon 80.96 81.61

i00.00 i00.00

BTU/ibs 12,990 13,095
% Sulfur 1.00 1.01

The char was then made into formed coke using the ratio of

90% char and 10% CMGU tar. The formed coke had the following
proximate analysis:

As Received _ Basis

% Moisture .38 -

% Ash 12.06 12.11

%Volatile .97 .97

% Fixed Carbon 86.5_99 86.92
i00.00 i00.00

BTU/Ibs 12,380 12,427
% Sulfur .93 .93

This formed coke has a crush strength of 3,000 pounds which

is good° The reactivity of this coke was fair having a CRI of

43.5 It is felt the reactivity could be greatly improved by
analyzing various different recipes and ratios of the raw
materials, specifically, by adding a portion of binder coal.

A second focus of our work this quarter was to compare

various bituminous binder. This work is critical to justify the

economics of a scale up. Presently, hard coal tar pitch such as
Allied I!0°C pi_ch is $300/ton, asphalt such as Shell AC 20 is

$140/ton. These prices constantly vary, but the price of asphalt
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is about half the price of coal tar pitch. Tests 126, 127, 128,
129 and 130 were made to evaluate different binders and how

varying the binder varied the final coke product. The control
material was held as constant as possible and was maintained at
90% by weight. The following bituminous binders were used in a
10% ratio:

Test Binder Crush StrenGth

126 150°C Allied Coal Tar Pitch _350
127 II0°C Allied Coal Tar Pitch 2050
128 Lion 6/9 Pen Asphalt Pitch 2290
129 Shell AC 20 Road Asphalt 2100
130 Roofing Tar, Asphalt Base 2120

The crush strength is typical of our better briquette runs.
These tests indicate that many different binders can be used to
produce quality coke including asphalt pitch.

It is important to note that the control material included 5%
CMGU coal tar. Tests 128, 129, and 130 were various asphalt
products. They all were compatible with coal tar pitch. Hence,
they can be used to supply the deficiencies of pitch production in
any installation employing coals having insufficient volatile
matter to furnish enough pitch binders for coking all of the char
produced.

Next quarter part of our work will be with a poorly coking
Consolidation Coal Company coal. This coal has an FSI of 2-3,
therefore, it is not desirable for use in conventional coke
process. We plan to make 150-.00 ibs of briquettes to be sent to
Consol for their testing.

TASK 4: I000 I_/HR CONTINUOUS MILD GASIFICATIONUNIT ___GU_U__

During the 4th Quarter 1991, 15 test runs were made of
varying durations. The foremost objective of these test runs was
to detez_ine the maximum capacity of the CMGU. Secondary
objectives were:

(i) to produce char from various coals for formed coke work;
(2) improve the existing condenser performance;
(3) evaluate different coals; and
(4) obtain other operational data for scale-up to a

commercial size CMGU.

Achieving the designed 1000 ibs per hour coal fee_ rate has
been greatly handicapped by the early failure of the electric
heaters originally installed in the CMGU screw shafts. The
heaters failed during the start-up period and the effects on coal
feed rate of internal screw shaft heaters was never determined.
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Non-confidence in the heaters design corrections by Accutherm,
Inc. prevented use of electric heaters. Efforts are underway to
design a gas heater system for the screw shafts. Any commercial
CMGU will use gas fired screw shaft heaters with the non-
condensible gas from the process as the fuel. A successful gas
heater design for the pilot plant CMGU will be of value in the
scale-up.

To determine the maximum coal feed rate without shaft

heaters, the screws forward/reverse ratio was varied to provide
residence times from 3 to 15 minutes. Up to a 20 second pause was
included in a screw time cycle based on historical information
from a hand cranked screw pyrolyzer operated in 1927. No
significant increases in coal feed rates were obtained. When
pyrolyzing a caking coal, sustainable coal feed rate is limited to
about 400 pounds per 11our. Installation of shaft heaters will
allow experimenting with higher feed rates.

The major problem with the condenser system is plugging of
vapor lines. Insulating the vapor lines to prevent condensation
and accumulation of tar did not solve the problem. Electric
heating tapes were used to preheat and maintain one of the three
vapor lines at 1000°F which seemed to be about 50% effective in
prevention of plugging. Heating of vapor lines and use of high
pressure nitrogen "blasts" to clear lines are the next efforts to
solve the plugging problem.

An improved condenser design is needed. A proposed design is
being evaluated to verify that the problems associated with the
current design have been eliminated. The new design will have a
12 inch vapor outlet line to a tar trap and a vertical bayonet
condenser to minimize plugging.

Installation of gas heaters in the two screw shafts of the
pyrolyzer and a non-plugging condenser system will solve the two
basic problems in the pyrolyzer operation. Making test runs of 24
hours duration will then be possible.

sincerely,

Glenn W. O'Neal
Project Engineer

GWO/Iw
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