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EXECUTIVE SUMMARY

The United States has more encrgy available in coal than in petro-
lcum. natural gas. oil shale. and tar sands combined. Nationwide energy
shortages. together with the availability of abundant <oal reserves. make
commercisl production of svnthetic tuels {rom coal vital to the nation’s
total supply of clean energy. In response to this neea. the Office of Fossil
Energy of the Energy Research and Development Administration (ERDA)
s conducting a rescarch and davelopment program to provide technology
that will permit rapid commercialization of processes for converting coal
to gascous and liquid fuels and for improved direct combustion of coal.
These fuels must be suitable tor power generation. transportation. storage.
and residential and industrial uses.

The technologies selected for developmient- gasification. liquefaction.
and direct combustion satisty an urgent need for a particular tvpe of fuel.
are potentially teasible both technically and economically (in terms of the
costs of research and development and the final product). and will not
exceed the air, water. and solid poliution standards established by the
Eiivironmental Protection Agency (EPA). The emphasis given ¢uch tech-
nology varics. depending on such things as technical complexity. develop-
ment stage (laboratory research. including bench-scale tests and experi-
mients with process development units, and pilot plant design. construc-
tion. and operation). variety of uses for the fuel produced. and urgency of
the need that the technology is designed to satisty.

ERDA’s demonstration plant program was started in 1974 by one of
ERDA’s predecessor agencies: the Office of Coal Research. U.S. Depart-
ment of the Interior. The objective of the program is to establish the
technical and financial feasibility of coal conversion technologies proven
during pilot plant testing. Demonstration plants will minimize the tech-
nical and economic risks of commergcialization by previding a near com-
mercial size plant tor testing and production. Thus. ERDA is sponsoring
the development of a series ot demonstration plants. each ot which will be
a smaller version of commercial plants cmvisioned for the 1980s. These
plants will be wholly integrated. self=sufficient in terms of heat generation,
and dependent only on fecdstocks of codl, water. and air.

Under the ERDA program. contracts tor designing. building. and
operating the demonstration plants will be awarded through competitive
procedures and will be jointly funded. The conceptuai design phase will be
funded by the government. with the detailed design. procurement. con-



struction, and opcration phases being cotfunded. 30 percent from industry
and 50 percent trom the government. The cost involved in building and
operating a demonstration plant will probably he hetween $200 million
and S300 million. depending on the size of the piant,

The processes to oe demonstrated include the conversion of coal 10
liquid fuels, high-Btu gascous pipeline tuels. and low-Btu tucl gas. Other
processes will be demonstrated as they become avaiiable. ERDA awarded
the first contract under this program to Coalcon Company in January
1975. Coalcon is te design. build. and operate a demonstration plant for
converting high-sulfur coa! to clean boiler fuel. Contracts mvolbving the
development of coal feeders were awarded to Foster-Miller Associates,
Inc.: Ingersoll-Rand Research, Inc.: and Lockheed Missiles and Space
Company. Inc. Engincering and technical support for demonstration plant
design and construction and the procuremsat of cquipment with long lead
times is being provided by the U.S. Army Corps of Engineers. The Ralph
M. Parsons Company is furnishing ERDA such technical assistance services
as the development of concepiual designs of commercial plants for pro-
ducing liquid and solid fuels from <coal. and evaluations of pilot plant
performance and unit operations for processing coal.

During the first quarter of 1976, work on the Clean Boiler Fuel
Demonstration Plant focused on detailed process design for basic
engineering packages. Performance specifications, equipment lists. process
flow diagrams, and design point heat and mass balances were completed
for five sections of the plant, and work on other sections is continuing.
The risks and costs of replacing the Koppers-Totzek gasifier with a Texaco
gasifier are being evaluated. The possibility of combining the acid-gas
removal systems of the gas processing and hydrogen production sections of
the plant to use one cold methanol wash system is also being studied.
Facility support included compietion of construction and pressure testing
of the Tonawanda minitest facility. lIilinois No. 6 coal has been dried.
ground, and screened for testing at this facility, and coal feed tests have
been planned to demonstrate the feasibility of feeding 30 pounds of coal

e: hour in dense-phase transport with the fluidized feeder. At the
deagglomeration facility at South Charleston, West Virginia, eight runs
were made using hydrogen as process gas. The tests showed that the highly
agglomerating Pittsburgh coal does not cake or agglomerate when dijuted 4
to 1 with Wyodak coal or char; caking problems are observed with more
concentrated mixtures. Computer processing activities included completing
a computer program for calculating reactor thermal balances and
computing hydrocarbonization heat of reaction at 77° F, generating a data
book on thermodynamic and physical properties, and determining the
effects of such factors as precxidation and variations in coal composition
and process yields on the process and equipment performance require-
ments. Coal grinding tests were started, the degree of agglomeration and
devolatilization that occurs when coal is heated is being studied, a lock
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hopper valve test facility is being desizned, and process wastewater from
the deagglomeration facility is being characterized. Other test programs
approved by ERDA this quarter involve coal heating, reactor heat balance,
coal cyclone development, and acid-gas removal.

The Phase 1 3 port on the Development of Coal Feeders for Coal
Gasification Operations was completed. reviewed by ERDA. and approved
tor publication. Work on Phase Il continued. Preliminary iavouts were
completed for the cou! plug and positive dispiacement laboratory-scale
feeders. Assembly of the coul plug. centrifugal. and positive displacement
feeders was coinpleted. aind components of these feeders are being tested.
The dvnamic sealing potential of a twin-screw feed concept is being tested
on 2 limited basis. The layout for the basic coal flow feeder test loop was
completed.

As part of the Phase | effort in the Development of a Continuous
Dry Coal Screw Feeder, a rotary-valve piston feeder for feedirg coal to
migh-pressure  gasifiers was conceived. and its operating cost established.
Operating cost analyscs comparing existing and conceptual coal feed
svstems were refined. A comparative evaluation of coal feed svstems.
based on cstablished technical and economic criteria. indicated that the
piston feeder and screw feeder concepts seem to offer advantages over
existing methods ot teeding coal. A report docurnenting the Phase 1 effort
was completed and submitted to ERDA for review. In Phase Il. construc-
tior, of the test facility for the dry coal screw feeders was started. The
Negri-Bossi V-12 screw teeder has been received. and alternate screws for
the fecder are being fabricated. Preparations for initial test operations with
the unit continucd throughout the quarter. The IMPCO screw feeder was
ordered. work on the prelininary designs and engineering of the test

system was started. and requirements for the coal receiver for the svstem
were determined.

The final report on Phase I of the Coal Feeder Development Program
was completed and approved by ERDA. The feed systems selected for
further study in Phase II are: fluid-dvnamic lock. kinetic extruder. ball
convevor, and ejector. Eight tasks were established for the Phase 11 effort.
and schedules were revised to accelerate hardware design and procurement.
An annular jet ejector configuration was selected for initial investigation.
Prcliminary experiments with dense-phase flow of gas-solid mixtures
suggested the possibility of developing a reliable. fast response flow meter
for dense-phase coal flow. based on measurement of pressure drop across a
portion of the coal feed tube: additional tests are planned. Work on the
ejector concept focused on design. procurement. and fabrication of parts.
Two types of ball convevor tests were planned: static and dynamic. As
part of the supporting analysis effort. the theoretical model of the ejector
mixing section was reformulated: the first test rotor for the Kinetic
extruder was designed: and the standpipe ball convevor model was devel-
oped. coded. and debugged. Work on the model of the fluid-dvnamic lock
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was subcontracted. Other activities inciuded design of the rotor drive
svstem for the Kirnetic catruder and fluid-dynamic lock: preparation of
lavouts for the test loop facility: and review of plans. designs, and facility
layvouts.

Engineering and Technical Supporr 1o ERDA during the first quarter
of 1976 tocused on assisting with the clean boiler fuel demonstratien
plant program. This work included preparing a detailed cost estimate for
the revised scope of work and reviewing RIFPs for survey, soil. and
topographic work. Among the engineering activities on the clean boiler
fuel demonstration plant were reviews of detailed design packages. configu-
ration management plan. and reliability and quality assurance pian. Prepa-
ration of a draft project management plan for the synthetic pipeline gus
demonstration plant continued: preliminary cevaluations of  technical.
economic assessment. and work breakdown proposals for this plant were
completed and cost estimates prepared. Planning activities related to the
fuel gas demonstration plant included participation in meetings pertaining
to the RFP. model coniract. and scope of work.

Technical Assistance Services 1o ERDA involved continued work on
the conceptual designs of the Solvent-Refined Coal oil/gas. Fischer-
Tropsch. and Coal-Oil-Gas (COG) plants. Capital cost estimates are being
developed. The design of the 40,000-ton-per-day coal minc was completed
and adapted to mect the approximately 50,000-ton-per-day requirements
of the oil/gas complex. The conceptual design of the related coal prepara-
tion facilities for the Fischer-Tropsch plant was also completed, and a
two-stage gasifier was selected for the complex. Coal liquefaction processes
for the COG plant are being evaluated. Equipment development for gas-
solid and liquid-solid separation and for solids feed to the gasifier con-
tinued. Process flow diagrams of the Fischer-Tropsch and oilfgas plarts
were evaluated for conformance to ecological requirements. water pollu-
tion effects of coal ash were investigated. and carbon monoxide emission
control requirements were investigated. Several oreanizations wers visited
to review their environmental or laboratory facilities and capabilitics.



. CLEAN BOILER FUEL DEMONSTRATION PLANT

COALCON COMPANY
NEW YORK, NEW YORK

Contract No. E(45-18)-1736

INTRODUCTION

Under ERIGA’s sponsorship. a demonstration
plant tor producing clean boiler fuels from high-
sulfur coal is to be designed. constructed. and
operated by Coalecon Cowapany. an atfiliate of
Urnion Carbide and Chemical Construction Com-

Total Funding: $237,222.300

pany. Tic plant must be iullv integrated trom
the receipt of coal to delivery of a frinished
product. including cleanup of all waste streams
and rcoverny of all potential by-products. Coal
con js organizing financial support for the pro-
eram among privale companizs and public

agencies. This consortium will provide 50 percent
cost sharing of the plant consiruction. evaluation.
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Figure I-1. CLEAN BOILER FUEL PROGRAM SCHEDULE

and operation. The government is funding dzsign
and engineering of the plant.

The overall objective of this contract is to
design, construct. and operate this demonstration
piant to verify the commercial economics, tech-
nical scale-up potentiai. and physical and chem-
ical feasibility of a process for producing clean
boiler fuel in 2 commercial-size, wholly integrated
plant. The demonstration plant is to convert
2,600 tons a day of high-sulfur coal to 3,900
barrels per day of clean liquid fuel and 22 million
cubic feet per day of high-Btu pipeline-quality
gas. These products are to be evaluated for com-
patibility with existing power plant and boiler
designs.

The project is being conducted in four phases.
Phase I, preliminary commercial plant process
design and engineering, involves (1) identification
of characteristics and requiremenis for a plant for
demonstrating, with minimum risk, the economic
feasibility of future commercial plants (mini-
mizing plant end-product costs is the major crite-
rion) and (2) preparation of detailed process
designs and a preliminary plant design for the
demonstration plant. Phase II includes detailed
demonstrat‘on plant design, engineering, and
planning and preparation of detailed specifica-
tions. drawings, and a construction bid package.

Phase I, the construction phase. includes site
preparation, <quipment purchase, construction,
field crection. and plant acceptance and check-
out. In Phase 1V, the plant will be operated to
produce synthetic products and to obtain data
for evaluating the poiential of this process for
fuil-scale commercial development and produc-
tion. Figure I-1 shows the schedule for this
project.

PROCESS DESCRIPTION

The process selected by Coalcon for producing
clean boiler fuel in the demonstration plant is
Union Carbide’s methocd for hydrocarbonization,
which produces both uquid fuel and high-Btu
pipeline-quality substitute natural gas. In this pro-
cess (see Figure I-2) coal is crushed, dried, and
preheated to 650° F in a stream of hot flue gas.
The hot coal is separated from the flue gas by a
cvclone separator and is admitted to the high-
pressure processing system by means of lock
hoppers. A hydrogen stream carries the coal into
the hydrocarbonization reactor, where the coal
mixes with additional hydrogen at high tempera-
ture and pressure, The hydrogen is supplied by a
char gasification system. Hydrocarbonization



consists of a combination of coual devolatilizution
and hydrogenation of the various constituents of
the volatile matter. The artally converted coal
remans as char.

The remainder of the svstem includes purifica-
tuon and separation of the components into var-
ous useiul or waste fractions. immediately atter
hvdrocarbonization, the product gases are sepa-
rated trom the entratned char in a cvelone sepa-
ator. The tractionator removes the heavy oil and
- hghr 0il fraction (mostly decane. toluene. and
rnmethy]l benzene): ammorniy s recovered from
the cus stream by a wash systern and s sodd for
fertilizer: hvdrogen sulfide warbon dioxide. and
truce hydrocarbons are removed by an acid-gas
raioval system. As a fingl step. the 2as is passed
tiroigh a crvogenic system: a ligueiied petroleum
aus ape fuel is removed from the gas stream. as
15 ¢ hydrogen-rich {ractivn for recvcling to the
hydro.srbonization  reactor.  The  remaining
product is synthests gas. primarily carbon mon-
onide and hvdrogen. which is sent to a methana-
tion reactor for crrichment 10 high-Btu pipeline-
quality zos.
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HISTORY OF THE PROJECT

Work under this contract began in january
1975. Tests 1n support of this program are being
conducted at Tonawanda. New York: South
Charleston, West Virginia; Buffalo Testing Labo-
rztories in Buifalo. New York: and in-house
laboratories. Tone Tonawanda minitest facility is
directing 1ts work toward confirming kinetics and
vicld data lor agglomerating high-sulfur bitu-
minous coals (Pittsburgh seam No. 8, llinois No.
6. and Kentucky No. 11). The South Charleston
faciiity . is being used to evaluate alternative
metihods for deagglomerating high-sulfur bitumi-
nous coals in the hydrocarbonization process. At
the Buffalo Testing Laboratories. the physical
properties (viscosity, density. pour point. heat
capacity. etc.) ol the liquid product are being
determined: ultimate analysis of coal. char. and
iquid products is being determined. and the
major groups (phenols, bases. acids. etc.) in ihe
liquid product are being determined. The in-house
laboratories are performing proximate analysis of
coal. determining the bulk and particle densities
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and size distributions of coal and char: calculating
the simulated boiling-point distributions of prod-
ucts using data obtained from gas chromatog-
taphy: determining the heating value of coal.
char. and liquid products; analvzing gas products
for major and minor components: and analvzing
liquid products for major components. Union
Carbide’s computer process simulaiion system,
PROBE, is also being used to support this
project.

During 1975. work on the clean boiler fuel
demonstration plant involved mainly preliminary
vrocess design and engineering of a commercial
plant. This effort included a review and evalua-
tion of all hydrocarbonization subsystems to
minimize capital investment and maximize sub-
system operability, {lexibility. and reliability. By
the end of 1975, design and engineering for the
commercial plant were abou: completed. A pro-
cess evaluation report wos prepared and sub-
mitted to ERDA. This renort inciudes preliminary
data on plant design and provides a basis for
starting the design of the demonstration plant.

Work toward establishing the definition and
design basis for the demonstration plant began
{atc in 1975. The plant will be one-fifth the size
of u commeicial-scale plant and will be capable of
operating on three different types of coal. Prelim-
inany performance specifications were issued, and
work an the overall process design of the demon-
siration plant. analysis of the three coal types to
be tested. and development of process desigus of
plant subsvsiemis were started. New Athens,
Ilinois. was selected as the site for the prant.
based on economic. technical, and environmental
studics. To support the demonstration plant
desizn effort. tests were planned to resolve desizn
problems.

Empnasis at the various test facilities was on
desioning. fabricaling, and installing necessary
equipment. By the end of the year, the minitest
facility was nearly completed. The deagglomera-
tion facility was completed. and a series of tests
was started to determine the minimum amount of
noncaking material that must be premixed with
the feed coal to prevent agglomeration in the
reactor. Other activities involved:

e Computer processing—for example, updating
the process simulation system and writing
new programs to easc detailed process de-
sign. preparing functional specifications. and
evaluatine subsystem alternatives.

o Procurement.

e Reliability and quality assurance. such as the
amalysis of the process and cquipment risks
associated with the demonstration plant and
studies of criteria for selecting materials,

PROGRESS DURING JANUARY-
MARCH 1576

Commercial Piant Design
and Engineering

Process flow diagram
completed. with material
included for all sections.

revisions have been
brlance  summaries

Demonstration Plant Design
and Engineering

The preliminary design basis for the demonsra-
tion plant is being updated based on information
obtained irom engineering studies. support devel-
opment programs. and design activities. The pre-
liminary syslem process design was developed
from a2 design point that represented the available
average compositicn date for IHinois No. 6 coal
{the primasy coal to be used in the test program)
and projected reactor yield data. The base case
design heat and mass balance. revised to incor-
porate data from subsystem design and develop-
ment activities. provided a model that was ex-
panded to include the range of applicability of
the data.

Characterization of the Iilinois No. 6 (Herrin),
western Kentucky No. 11, and Pittsburgh seam
No. 8 coai feedstocks was completed.

Detail process design for engincering packages
has begun. Performance specifications, equipment
lists, and process flow disgrams were issued for
the coal handling. preparation. pressurizatiosn, and
heating sections.

Engineering efforts for the primary processing
sections of the plant focused on completing the
design point heat and mass balances for hydro-
carbonization, gas ccoling and hydrocarbon sepa-
ration, ammonia racovery, acid-gas removal,
crvogenic hydrogen purification, mwethanation.
and hydrogen procuction. These balances were
revised during the quarter to incorporate ammo-
nia rejection through decanter wastewater, a
slight performance modification in the methana-
tion section, and other minor changes.



Work on vcoul pressunization included docu-
menting requirements 1or this section. and results
and recommendutions for the design of a simple
twolock-hopper svstem with single equalization:
investigating the commercial availability of high-
pressure filters and cyclones and  high-pressure
biowers tor dusty gzus: and developing a matlhie-
matical model of a lean-phuse, entrained-bed coal
heating tower and a preexidation tower. Adsorp-
tion datwa for nitrogen in powdered coal were also
mtusured. Up to 2 percent aitrogen adsorption in
the coal powder 1s cxpected ar coal heater and
preoxidicer  operating  conditions.  Because  the
presence of nitrogen could be a problem, a study
was  sterted 1o determine  the most  effective
method for desorbing nitrogen from coal before
reactor injection,

Work on developing a reactor design and pro-
wss flow sheets for the hydrocarbon.. :tion unit
involves evaluating:

o Fust injection based on prior experence and
tluid coker reactor configuration.

e Fuast injection into a turbulent bed to
achieve desired char recirculation and in-
ternal dispersion.

o External hot char recirculation with coal in-
jection into a recirculation loop.

e Preoxidatior. to operaie with any ot the
above configurations.

Range of applicability studies currently in pro-
aess will provide the information required for
pertormance specifications of both the hydrocar-
bonization and the cryogenic hvdrogen purifica-
tion uanits.

The design for gas cooling and hydrocarbon
scparation is being reviewed. In the fractionator
design ctfort, difficuelties associated with high-
pressurc operation (near critical) and thermal
effects werc experienced. Thercfore. a revised
design is being investigated.

Preparation of a preliminary specification on
ammonia recovery was started, and arrangements
arc being madce to subcontract the basic engi-
neering package. The “Pliosam-W™ process will be
used to coxtract ammenia frem ths decanter
wastewater. (The decanter wastewater will con-
tain 99.5 percent of thc ammonia released by the
hydrocarbonization reaction.) The acid-gas re-
moval concept has been revised 1n favor of simul-
tancously studying sulfinol and c¢old methancl

wash systems. A process specification issued for a
cold mcthanol wash systemn covers an integrated
svstem to take care of both the hydrocarbonizer
circuit and the char gasifier products. Methana-
tion and water-cas shift equilibrium computations
werc incorporated into the overall process model.
Performance specifications and the process flow
diagram for the mecthanation unit were reviewed
with ERDA, revised. and reissued.

Specifications and requests for bids are being
generated for the char buming and steam genera-
tion system. Coalcon intends (o procure the en-
tirc basic process cngineering as well as detailed
engineering and equipment supply for this
svstem. A performance specification is being prz-
pared for subcontracting the Claus sulfur removal
and rccovery system. arnd a work package to
provide total design of the Aqua Claus system
was negotiated.

Char cooling process specifications based on
quenching the char with organically contaminated
process wastewater and using the evolved steam
in the char gasifier were nearly completed. Since
the approach involves using dirty steam in the
char gasifier, the feasibility of using this system
depends upon the easifier selectec. Using this
method would allow Coaicon to eliminate the
Phenosolvan, Phosam, fluidized-bed char cooling.
and UNOX wastewater trzatment units. This
approach would simplify wastewater treatment
requirements. Until the proposed system can be
carefully evaluated, however. design of the waste-
water treatment system is proceeding on the basis
of handling organically contaminated water.

Process flow diagrams for gasification, gas com-
oression, carbon monoxide conversion, and acic-
gas removal in the nydrogern production system
were updated. To assure reliability and availa-
bilitv of the total facility, initial work was pred-
icated on a Koppers-Totzek gasifier. Recent infor-
mation about tihe Koppers-Totzek gasifier,
however. comparzd to a Texaco gasifier indicates
that the latter 1s best for Coalcon’s needs. There-
tfore. Coalcon currently is evaluating the risks and
costs associated with the change from a Koppers-
Totzek gasifier to a Texaco gasifier. To minimize
the overall impact of a decisior to switch to the
Texaco gasifier. Coalcon is designing a Selexol
svstern (required for the Texaco approach) as
well as the Suifinol system for acid-gas removal.
Simultaneously, Coalcon is investigating the possi-
bility of combining the acid-gas removal systems
of the gas processing and hydrogen production



sections into one cold methanol wash acid-gas
removal system for the plant. A preliminary
material balance for the Selexol unit has been
compieted.

Discussions were held with vendors to develop
information on lead times of equipment for the
water treatment system. Preparations are under
way to obtain an engineering coasultant for the
water treatment system because of the unigne
water requiremenis of the clean boiler iuel pro-
gram. A composite river water analysis was devel-
oped from historical river data.

Review of the preliminary performance specifi-
cation for the cooling water system indicated that
a 10° F approach between cooling water tempera-
ture and wet bulb temperature should be com-
pared economically with an 8°F approach. The
economic study was completed. resulting in a
decision by Coalcon to use the 8° F approach,
which provides a cooling water temperature of
85° F. In designine the direct-contact aftercooler
for the oxvgen plant, Coalcon decided not to use
demineralized water as the cooling medium.

The preliminary summary covering the feed
streams of the demonstration plant wastewater
treatment unit is oeing evaluated. The results are
being compared with analyses of wastewater
samples from the deagglomeration facility to
develop performance specification requirements.
Meetings are being held with the Illinois EPA to
determine effluent requirements for the waste-
water treatment piant. Existing and proposed
standards for wastewater treatment are being re-
viewed. Coalcon is considering the use of a
phenol removal system in the process area of the
demonstration plant and a tertiary purification
step for final treatment of hydrocarbon-laden
wastewater; a literature search for various
methods of treating phenol-laden wasie streams is
in progress.

Facility Support

Minit~st Facility

Construction of the minitest facility was com-
pleted and instruments were calibrated. Pressure

testing of the facility was also completed, and the

hot lines and vessels are being insulate.l.

The Ilinois No. 6 coal feedstock for the test
program was dried, ground, and screened, and a
4.5-ton supply of Wyodak coal was ordered. Tests
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have been planned to demonstrate the feasibility
of feeding 30 pounds of coal per hour in dense-
phase transport with the fluidized feeder. Coal
feed rate will be calibrated against pressure drop
across the coal feed line. The tests will be per-
formed at preheater temperatures of 70° F and
660° F for pressure drops of 4.5, /.8, and 11.2
atm at a hvz,ogen flow rate of 0.3 foot per
serc;d and char hopper pressure of 35 atm. For
the tests, coal in the feed hopper is fluidized by
kvdrogen, then transported by additional hy-
drogen through the preheater to a char hopper.
(Normally, coal is fed to the reactor, but for ease
of operation in these tests, a char hopper replaces
the reactor.) The weight of the coal in the feed
hopper is measured by three load cells to deter-
mine coal feed rate. Pressure drop is defined as
the difference between the hyvdrogen pressure in
the feeder and that in the char hopper.

Deagglomeration Test Faciiity

Using hydrozen as process gas. ¢ight runs (Run
19 through Run 26) were conducted in the de-
agelomiiation facility to determine the amount
of nonecakire material that must be premixed
with the feed coal to prevent agglomeration in
the reactor. Runs 19, 20, and 21 were completed
using ons part Pittsburgh seam No. 8 coal diluted
with two or four parts Wyodak coal. The results
demcnstrated that a 4-to-1 dilution of the highly
agelomerating Pittsburgh coal with Wyodak coal
car. be processed successfully.

During a S-hour run in February, about 60
pounds of Wyodak char was produced for an
extended run using a 4-to-1 ratio of Wyodak char
to Pittsburgh coal. The first attempt at the pro-
longed run, Run 22, lasted 90 minutes, termi-
nating when the coal conveying line split and
released hydrogen intc the test cell. When
attempts to complete Run 22 were plagued with
coal feed stu:spages, the inmer diameter of the
coal feed line was increased from 0.082 to 0.127
inch to alleviate the problem.

Run 23 was conducted successfully for 6
hours, feeding 187 pounds of the 4-to-1 char-to-
coal mixture at a rate of 31.% pounds per hour,
with no apparent caking or agglomeration. A
stabilized bed composition was achieved during
the vest. Several brief feed interruptions occurred
that may have been caused by minute pressure
fluctuations combined with the effect of a low
fines content of the feed mix, but they did not
cause operational upsets. Of the char recovered



from the receiver. 55.3 percent was greater than
60 mesh. whereas none of the orginal feed char
was greater than €0 muesk. The reactor walls and
thermowalls  were  coinpletely free  of  coke
buiidup.

Three additional runs (Run 25 using a 3-to-1
ratio of Wyodak char to Pittsburgh coal. and
Runs 24 and 26 using a 2-to-1 char-to-coal ratio)
experienced coking and agglomerating problems
caused by insutficient dilution of the agglom-
erating Pitisburgh No. & coal with inert niaterial.

Other Technical Support

Computer Processing

The computer program for calculating reactor
thermal balances and computing hydrocarboniza-
tion heat of reaction at 77° F was <o npleted and
checked out. The demonstration plant is to bte
designed with: a capability for hexiing reactor
feeds to provide a thermal balance. even if an
excess heat input (similar to that observed for a
simulated pilot plant run this quarter) is required.

A data book on ithermodynamic and physical
properties was gencrated by conputer. The book
covers pressure and temperature ranges of interest
tor the 32 compounds used for simulating the
process system. This computer data book will be
usced for modeling thermal calculations of the
hvdrocarbonization. gas cooling and hydrocarbon
scparation. ammonia recovery. acid-gas removal,
crvogenic  hydrogen purification. methanation.
and hydrogen production sections of the plant.

A parametric stucy is being concucted using
thc computer process model to determine the
effects of such factors as preoxidation and varia-
tions In coal composition and process vields on
the process and squipment performance require-
ments. The results will be used to generate pro-
cess specifications that include the required per-
formance rangeability for all plant sections
involved.

Coa! Grinding

ERDA authorized Coalcon to start a coal
erinding test program. A sample of lliinois No. 6
coal, obtained from Peabody Coal Company and
consisting of run-of-mine coal and washed coal.
was shipped to Williams Patented Crusher Com-
pany. St. Louis. Missouri. The coal is being tested
lo characterize the grinding conditions rzquired
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1o prevent the production of more than 10 per-
cent --325 mesh coal. Tests made with a rol! mill
pulverizer appeared to produce more fines than
expected. In an attempt to contro] particle size
distribution, fusther tests were made using a
hammer mil! pulverizer. Results of the tests are
being evaluated.

Agglomeration and Devolatilization of Coal

The degree of agglomeration and devclatiliza-
tion that occurs when coal is heated and held or
iransported at elevated temperatures is being
determined. Initial emphasis is on establishing the
agglomeration tendencics of coal in the feed
vessels and of coal fines in the holding vessels,
cyclones, and piping. Tests were designed to pro-
vide specific data such as weight loss of coal; the
armount of carbon monoxide. carbon dioxide,
ammonia, sulfur dioxide, and hvdrocarbons in the
effluent: and the degrec of agglomeration based
on screen analvsis and visual observation. Oxi-
dized and unoxidized samples of each of three
different types of coal are te be tested at five
differcnt temperatures ranging from S70°F to
750° F and pressures of 2 and 35 atm for 1, 2. 5.
10. and 20 minutes in nydrogen and nitrogen
atmosgheres.

Coal Heating

A coal heating test program was appr~ved by
ERDA this quarter. Coalcon currently is negoti-
ating 10 subcontract the work. The test is to
cover all process parameters believed to influence
heat transfer fouling in a tube heat e¢xchanger
handling a hot gas that contains fine coal solids.

Reactor Heat Balance

Coalcon received verbal authorizaticn from
ERDA 10 proceed with a reactor heat balance
test program. The work on this program was
subcontracted to the Institute of Gas Technology
(IGT). The computer program designed to com-
pute the heat of hvdrocarbonizztion of Ilinois
No. 6 coal will be used to process the experi-
mental data and heat of combustion data that
IGT is generating from lllinois No. 6 coal and
char.

Lock Hopper Valve Develooment

Preliminary design of a valve test facility is
under way. The present concept features several
test legs in parallel. pressurization of individual



tast articles, heating of individual test articles to
demonstration plant temperatures. and dense-
phase fluidized recvcle of the test medium. Pre-
liminary design data will include physical size of
the test rig, services required. operating cost esti-
tnates, and test cycle time. Functional valve speci-
fications for the coal feed and char let-down lock
hopper system have been sent to valve suppliers.

Wastewater Treatment

As part of the wastewater treatment test pro-
gram. iaboratory studies are being conducted to
determine how easilv the water can be treated.
Characterization of wastewater sampies taken
from the dcagglomeration facility is aearing
compietion.

Program Management

A proposed plot plan for the New Athens site
was prepared, illustrating the probable location of
the demonstration plant, the future expansion to
a commercial faciity, the ash pond for the
demonstration plant, and the rights-of~way for
the access road and rail line. The ash pond, de-
signed to serve demonstration plant operations
for 10 vears. was designated on the plant layout
with provisions for expansion, and the amount of
cverflow trom the ash pond was estimated.
Approval of proposed road and rail access to the
plant is being sought from railroad and local
authcrities.

Work on property acquisition is continuing.
The preliminary overail plant <ize was establishad,
indicating that additional land is required at the
demonstration plant site. Peabody Coal Company
is to provide an additional drawing that will show
maximum western and southem limits available
for the plant. The real estate rcport has been
submitted to ERDA.

Demonstration plant cost estimates are being
prepared. Initial drafts of the configuration man-
agement plan were prepared. With a revised pro-
gram plan identified. Coalcon has developed a
data management system consistent with chemical
industry practices to obtain and store vendor in-
formation that will be genecrated after procure-
ment of equipment and systems. This vendor
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information is critical to the design of the facility
and will be stored in the data control center that
has been cstablished for total control and re-
trieval of daia and documents.

Formal subcontracts were processed for envi-
ronmental analysis and soil investigation and for a
topographic survey of the plant site. Existing and
proposed standards that apply to coke and power
plants were reviewsd. and suggestions for clarifi-
cation of lllinois standards were made. The EPA
was contacted to obtain information on proposed
levels of ammonia, carbonyl sulfide. and carbon
di~alfide. An environmental pratection strategy
statement was formulated and is being reviewed.
Files of pertinent regulations are being developed.

Product Assurance

Coalcon expanded the reliability and quality
assurance program plan to establish a product
assurance program plan. Schedules and manpower
loadings were revised to accommodate program
revisions. Product assurance personnei established
and updated the availability apportionment re-
quirements for cach section of the demonstration
plant: subdivided the apportionment for the
hydrogen production system because of the
scparate specification and procurement required
for the char gasifier. carbon monoxide shift, car-
bon dioxide removal. and hydrogen compression
units: and requested information concerning
cquipment reliability and maintainability from
potential contractors of the various scctions.

Among other activities. Coalcon reviewed per-
formance specifications and process flow diagrams
for the demonstration plant and investigated the
reliability and quality of Koppers-Totzek and
alternative hydrogen gencration processes. Partici-
ration in the development of the design concept
for the char burning and steam generation system
included considerarion of alternate conftigurations
for furnaces and boilers. Vendors of char- and
coal-buming fummaces are being contacted for
information related to on-stream availability.
Vendors were also contacted for information on
the suitability of materials for heating hydrogen
at about 42 1o 49 atm: a2 study was completed
that recommended the use of Incoloy 802 at
operating temperatures up to 1,600° F.



DEVELOPMENT OF COAL FEEDERS FOR COAL

GASIFICATION CPERATIONS

FOSTER-MILLER ASSOCIATES, INC.
WALTHAM, MASSACHUSETTS

Contract No.E(49-18)-1723

INTRODUCTION

Coal Teeders for coal gasification rlants are to
~o aetoped through the pilot plant stage by
Fosto-Miller Associates. Inc.. under ERDA spon-

The project recognizes that the coal
1 one <lement common te all gasification
~-wes. However. no svstem availeble now can
lany.e the quanttics of ¢oal t(about 1.000 tons
per hour) that will be used m commercial pro-

SOTS

teeyd

P

cesses. These processes require the injection of

coal. crusiied to 18 inch and less. from an
atmospheric-pressure hopper into a gasitier. where
pressure may be as high as 190 aim.

Feed methods being used in pilot and demon-
stration plants depend on the coal size and gas-
iNer  pressure. Low-pressure units use  Jock
noppers (which must be operated at low tempera-
tures) with batch feeding of the coal. Slurny-feed
techniques used in high-pressure  gasitiers  necd
cniergy to viporize the liquid used to transport
the coal. Both these techniques are inctficicnt.
bur can be toleruted in small-scale gasiticrs. It
will, however. be necessary to develop a tech-
nique tO provide 3 continuous. high-pressure Now
of coul to commercial-seale units at reasonable
efficiencics and costs.
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Total Funding: $793,545

PROGRAM DESCRIPTION

The project 10 develop coal feeders. started
during Mav 1975, has three phases: it is to be
completed by May 1977, By the end of 1975,
the iritial phase ot this project. coal feeder con-
cept study. was about completed. This effort in-
cluded the preparation of a list of coal feeder
requircments and an evaluation of  existing
teeders. The results show that there is no suitable
dry coal feeder available that can operate with 2
gasilier pressurc of over 20 »tm. However. bascd
on literature. patent reviews. and consultations
with manutacturers. four teeder concepts coal
plug feedor. centrifugal teeder. positive displace-
ment feeder. and convevor feeder—-were selected
for further study in the sccond phase of this
project.

in Phase 1. started late in 1973, critical com-
ponents of the feeders selected in Phase 1 are
being tested in the laboratory. The four difterent
laboratory-scale feeders will be built. then tested
for about 2 months. These tests wil be con-
ducted to determine how accurately the equip-
ment controls the tlow of coal. and whether it
maintains stability, scals etfectively against tie
qasifier pressure. operales cconomically 15 orms



of equipment life and power requirements, and
delivers coal having the desired characteristics to
the gasifier. Data from laboratory research will be
ud 1o design feeders compatible with existing
and _projected pilot plant operations. The report
on Ieeder evaluation. developed in Phase 1. will
be updated to include feeder performance. appli-
calion range, projected capital and operational
costs. and development risk. Recommendatiors
will be made to ERDA for further development
of promising feeder concepts.

During Phase 111, feeder concepts that have a
strong probability of being feasibke on a com-
mercial scale will be designed. built, installed. and
operated 1n current or projected pilot plants. as
directed by ERDA: feed rates will range from 3
to 5 tons an hour. The final report of this phase
will contain design specifications. assembly and
detailed drawings and procedures. installation and
functional test procedures. and operation and
maintenance mar:uals.

A fourth phase (not part of this contract).
using the results of pilot plant testing, will likely
include the development, design. fabrication, and
delivery to ERDA of coal feeders compatibie
with demonstration plants. Feed rates in this
phase should be 50 tons or morz an hour.

PROGRESS DURING JANUARY-
MARCH 1976

Coal Feeder Concept Study

The Phase [ program effort was concluded with
comgiiction of the Phase I report. The report,
which includes detailed descriptions of candidate
feeder concepts, was reviewed by ERDA during
the quarter and approved for publication.

Laboratory-Scale Coal Feeder
Development

Preliminary layouts of the laboratory-scale coal
plug and positive dicplacement feeders were com-
pleted. Component testing is proceeding on the
coal plug feeder, centrifugal feeder, and positive
displacement feeder concepis.

Assembly of the component test rig for the
coal plug feeder was completed this quarter. The
results of initial tests to quantify the performance
of 2 compacted coal plug as a pressure seal were
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encouraging. Leakage rates for coal plugs formed
and fed against backpressures exceeding 68 atm
were substzifially less than vent iosses from a
dual lock hopper svstem. Additional objectives ol
the coal plug feeder tests are o minimize the
power requirements of a plug feeder and optimize
coal feeder passage geometry.

Component testing of the coal plug has in-
cluded feeding of coal compicted 10 1.020 atm
against a backpressure of about 70 aim, Attempts
to lower the aigh compaction pressures of the
straight section feeder have been limited by fri-
tion forces that raise the pressure required to
move the plag. Therefore. expanding taper feeder
sections are being Tested: these tapered sections
decrease thez friction forces that must be over-
come in plug feeding and. simultancously. provide
2 check-valve eftect to prevent backward move-
ment (blow-out) of the coal plug. To date. coal
at a compaction prescare of 545 1o 681 atm has
been fed against a 35-atm backpressure in tests
with the tapered sections. Feeding also has been
accomplished at backpressures up to about 70
atm. but stability problems were encountered.

Assembly of the zero pressure ditferential cen-
trifugal feeder model was completed. The design
of the model was moditied to accommodate feed
against small pressure differentiazls (1o about 2
atm). This model will be used to investigate coal
flow from a suppiv point to the feeder eye.
transition flow from the feeder eyve into the
feeder sprues. and coal flow in the feeder sprues.
In preliminary testing. the unit fed uniformly but
output was less than theoretical predictions. After
evaluation of test data indicated the coal flow
was choked at the sprue inlet. sprue shapes were
revised. Further testing showed that u bi-stahle
feeder flow condition exisis: a high-rate streaming
flow condition in which the feeder sprue is only
partially filled and a lower flow rate that is
choked at the sprue outlet. The latter flow con-
dition is necessary for successful performance of
a pressure feeder. Changes in feeder design neces-
sary to ensure that the fecder always operates in
the choked outlet mode were identified.

A Megatech glass engine was procured and
modified s~ that it would operate as a positive
displacement feeder. Assembly of the positive dis-
placement feeder model was completed, and the
periphera! equipment necessary for testing the
unit was designed and partially fabricated. The
unit, operating without peripherals, has conveyed
hand-fed coal.



Limited testing was conducted to evaluate the
dynamic sealing poiential of 3 twin-screw feeder
concepl. Results to date have not been
cilcouraging,.

The components. drawings. and background
data for a coid feeder test loop. designed by
Petrocarb. Inc., for a previous teeder development
program at Bituminous Coal Research, Inc.
(BCR). were received in January. Foster-Miller
personnel me! with BCR personnel to obtain
detailed information on the BCR feeder test loop.
As a result. the time required to make the test
loop operational probably will be shortened
substantially.
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The basic layout for the feeder test loop was
completed. The layout and a parts list were sub-
mitted to ERDA for approval to procure equip-
ment. Detail design of Foster-Milier modifications
to the BCR 1test loop is continuing, and bids are
being sought. The basic test loop is a batch
system that will allow feeder aperation for 10 to
15 minutes; the next stzge of development will
include additions to provide for continuous
feeder operation at rates up to 5 tons per hour.

A study is being conducted tc deiermine if
technology within the briquetting industry is
relevant to the Foster-Miller coal plug feeder
development effort. Efforts to date have revealed
no significant potential for technology transfer.



DEVELOPMENT OF A CONTINUOUS DRY COAL

SCREW FEEDER

INGERSOLL-RAND RESEARCH, INC.
PRINCETON, NEW JERSEY

Contract No. E(49-18)-1794

INTRODUCTION

A continuous dry ¢oal screw teeder is being
developed for compatibility with existing and
projected pilot plant operations by Ingersoli-Rand
Research. Inc.. under the auspices of ERDA.
Ultimately. Ingersell-Rand is to recommend coal
feed injector vquipment that will be compaiible
with projected demonstration plant requirements.
The enginecering and economic feasibility of the
candidate coal feed injector will he evaluated
throughout the development. A successtul con-
tinuous drv coal feeder could be used widely in.
for instance. gasification plants that produce high-

Btu pipelineguality sas or low-Blu gas that
would supply combincd-cycle electric  power
ceneration  stations. and  in  gasifiers used to

supply hvdrogen {cr coal liguetaction plants.

PROGRAM DESCRIPTION

Tests by Ingersoll-Rand indicated that it would
be feasible to use a screw feeder in commercial
coal easilication and liquefaction plants in place
of pressurized lock hoppers and slurry systems.
Under its contract with ERDA. started in July
1975. Ingcrsoll-Rand is conducting a three-phase

7

Total Funding: $1,043,719

development program to refine and scale up a
screw teeder to be compotible with a demonstra-
tion plant, Basically. the feeder being developed
is a modified injection molding machine, oper-
ating like an extruder.

Work on Phase [. coal feeder concept study.
during 1975 included 2 determination of coal
feeder requirements imposed by several coal gas-
ification processes being considered Yor future
commercial operation and the establishment of
ontimum conditions for a coz feeder system. A
swvey ol manufacturers showed that no com-
mercial equipment now available is suitable 1o use
for coal delivery at the high pressures and tem-
peratures ol future gasification systems. As 2
result of o limited patent scarch. however. two
concepls involving the use of piston feeders were
found: thesc might be adaptable to the delivery
of coal to uesifiers. Conceptual designs of two
adaptations of piston feeders were prepared
during 1975.

To compare the systems being evuluated. tech-
nical and economic criteria were established. A
comparison of the operating costs of existing coal
fecd technigues tiock hopper and slurry pump)
with those of the dry voal screw feeder and
piston feeders indicated that the latter was an
acceptable technique for coal delivery te high-
pressure gasitiers.
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In Phase 11, crmtical components of the equip-
nmient selected in Phase I are being tested. and
two laboratory-scale, coal feeder prototypes—one
using a WNegri-Bossi V-12  injection molding
machine and the other using an IMPCO 1500
machine—are being designed. fabricared, and
tested. Among the characteristics to be studied
are feeder stability and conuoitability. seal effec-
tiveness, coal metering accuracy. life expectancy
of critical compone:ts, mechanical power require-
ments. and methods for reducing the feed coal to
2 size compatible with process requirements. The
data resulting {rom laboratory tests will be used
1o desien feeders compatible with existing and
projected pilot plant operations. Recommenda-
tions will be made to ERDA for further develop-
ment of promising screw feeder concepts.

Phase il will involve the instaillation and oper-
xiion of the IMPCO screw feeder in a pilot plant
selected br  ERDA. Feed rates during this phase
will range from 0.5 to 3 tons an hour. A report
will also be written, and will include design speci-
fications, installaticn drawings for the sclected
pilot plant. assembly procedure. instzllation and
functional test procedures. and an operation and
maintenanve manual. Feeder performance in the
pilot plant tests will be judged. based on the test
data. and a final report will be prepared: this
report will include un engineering design of equip-
ment siced for a demonstration plant.

A fourth phase (not part of this contract).
using the results of pilot plant testing, will
probably include the development. design. fabri-
catien, and delivery 1o ERDA of coal feeders
compatible with demonstration plant require-
ments. Feed rates in ihis phase will be 50 tons or
miore an hour.

PROGRESS DURING JANUARY-
MARCH 1976

Coal Feeder Concept Study

During the first quarter of 1976, a third new
concept for coal feed to high-pressure gasifiers—a
rotarv-valve piston feedsr—was identified. (Two
concepts were identified and described in the
previous quarter: a single-acting piston feeder and
a doublc-acting piston feeder.) The rotary-valve
piston feeder uses a hollow cylinder, situated in a
cvlindrical body. which is perforated at one end
to admit coal to be delivered. The cylinder is
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restrained from axial motion and is caused 1o
rotate on its axis by a rotary actuator 1o fill and
deliver coal alternately. Coal fulls by gravity from
a hopper and through the perforated wall into
the zone bounded by the walls and end of the
hollow cylinder and the face of the piston posi-
tioned within the hollow cyvlinder. Gasifier pres-
sure is scaled by stationary seals uround the ports
10 prevent blowback through the hoppsr. To de-

‘liver coul. the cylinder is rotuted 180 degrees

Following delivery. hyvdraulic pressure translates
the piston into the cavity previously charged with
coal to expel the pressurized gas back into the
gasifier without loss. The cvele is completed by
simultancous retraction of the piston and rotation
of the hollow cylinder back to the fill pesition.
Power is required for rotation of the cvlinder and
linear actuation of the pistom.

The operating cost for he rotary-vahe pistes
feeder was established. The comparative operating
cost analyses performed previoatsiv dor existing
feed systems and the severai @« epls wers
refined and the method of anais ~ « wa . oxjranded.
The operating costs indicalc Bt the piston
feeder is an attractive technique for coal dehivery
to high-pressure sasifiers,

A comparative cvaiuation of voal  Jeeder
systems was completed, using the technical and
economic criteria established during the tourth
quarter of 1975, Existing coal feed systems tlock
hoppers and slurmry pumps) were compared quali-
tatively and quantitatively. when possible. with
new feed system concepts (the single-actling.
double-acting. and rotary-valve piston fecders and
a screw feeder), The evaluation indicated thar the
piston fecders as a class scem to offer advantages
over the lock hopper and slurry pump methods
of feeding coal to high-pressure gasifiers. The
screw freder concept. although not as dramatic.
also shows advantages over existing methods. A
proposal is 1o be submitted for further evaluation
of the piston fecder concepts.

A report documenting the efforts and results
of the Phase 1 program was completed and sub-
mitted to ERDA for review.

Laboratory-Scale Coal Feeder
Development

Architectural. mechanical, and electrical draw-
ings and specifications were completed for con-




struction o!f the test tacility tor the IMPCO uand
Negri-Bossi dry coul serew teeders within an ex-
isbing Quonsct building 2t Ingersoli-Rund. With
FRDA's approval, construction bzgzan in March
and iy proceeding as scheduled. with complelion
expected 1n Apnl 1976,

A tunctional test of the Negri-Bossi V-12 screw
feeder was conducted satisfactorily at Inzersoll-
Rand's Plastic Machinery Division in Nashua, New
Hampshire, before it was shipped to Ingersoll-
Rund’s New Jersey tucility, The layout that will
be used tor studying modifications. alternate de-
siun approaches, ¢te.. was completed.

Prevarations tor the nitial test operutions con-
trued. bguipment such as the solenoids. cieck
vuves, rezulator. methane monitor. multler. pres-
sure gauwes, piping. and hoses were mounted on
the mstrumentation panel. Operation of cach test
component  was  verified. The  pressure vessel
capaciiy was 1eereased by 3U percent. The sieve
shaker operation was  checked out and  high-
solatile coal recened trom West Virgima  was
steed up to 32 mesh: arrangements are being
made 10 procure and size different tvpes of coal.
Manulacturing drawings of alternate screw designs
were completed, and tabrication was staried.

The IMPCO screw teeder and all long-lead-time
iems such as the explosion-proot’ motor have
been ordered. The necessary modification in the
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hvdraulic and eclectrical engincering area is 89
pereent completed, including safetly requiremenis
for operation in a coal dust environment.
Mechanical engineering work has begun.

Preiiminary  design and ergineering of the
1MPCO screw feeder test system ‘were staried.

‘Problem areas. such as the coal receiver. coal

disposal. and saf>ty during tesling, were iden-
titied. and various aliernatives are being consid-
ered to solve the problems. Definition of prelimi-
narv requirements for the coal receiver included:

A coul flow rate of 1 to 5 tons per hour.

A pressure rating of about 100 atm.

Use of nitrogen as the pressunzation gus.
Adaptation to the injection assembly of the
IMPCO screw feeder.

Seals at the receiver/screw discharge inter-
face that are capable of withstanding temn-
peratures as high as 500° F.

A discharge nort capable of opening quickiv
tor removal of pumped coal.

A capubility for retractability from the in-
jection assembly for inspection and service.

A primary consideration in the design of the coul
receiver is the establishment of a method for
removing pumped c¢oal with minimal pressuriza-
tion gas loss and downtime. Several concepts are
being examined with eniphasis on reliahility. com-
plexity. design and engincering effort required.
and initial and operating costs.



IV. COAL FEEDER DEVELOPMENT PROGRAM

LOCKHEED MISSILES AND SPACE COMPANY, INC.
SUNNYVALE, CALIFORNIA

Contract No. E(49-18)-1792

INTRODUCTION

Lockheed Missiles and Space Company. Inc.. a
subsidiary of Lockhaed Aircratt Corporation. is
conducting a coal feeder development program
under ERDA’s auspices. There is a need for this
effort because lock hopper or slurry concepis tfor
codl feeding are inadequate with respect to pres-
surization power losses. efficiency. maintenance.
service lite. feed rates, and capital investment
requirements, Because the feeder system is a criti-
il component of a coal conversion plant (affecting
equipment and maintenance costs. plant efficiency.
and down time). an improved coal feeder for all
processes using pulverized dry coal at reactor pres-
sures up to 100 atm must be developed.

PROGRAM DESCRIPTION

Work under this program to develop improved
methods for continucusiy feeding dry. pulverized
coal into pressurized coal conversion reactors
began in July 1975. The program is divided into
three phases. The initial phase. the coal feeder
concept study. was nearly completed by the end
of 1975. Seven major types of solids handling
wystems were identified through a literature
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survey and patent scarch. Four systems were con-
sidered to be reasonable candidates for jurther
development:  fluid-dvnamic  ifock. kinetic ex-
truder, ejector. and ball conveyar. These sy s
apparently offer potential technical adves:.-.-
over lock hoppers and slurry systems ang o«
economically competitive. The fundainenial jre

lem arcas of these four candidate systems wer
assesscd. and technigues were defined for study-
ing and resolving these probicrms in Pnase I of
this program.

Initiation of Phase il. laboratory-scale feeder
development. was authorized in December 1975.
In Phase 1. Lockheed will conduct laboratory
tests of critical components of the equipment
selected in Phase [, Target specifications for the
design are feed rates of 0.5 to | ton an hour.
pressures of 6.8 to 100 atm. fecdstock sizes of
fine to 1/8 inch. and temperatures as determined
in Phase I. In addition. coual feeder prototypes
will be designed. fabricated. and tested for stabil-
ity and controllability, scal effectiveness. coal
metering accuracy. life cxpectancy of - critical
components, mechanical power requirements, and
characteristics of the prepared coal. Data resulting
from testing will be used to design feeders com-
patible with existing and planned pilot plant
operations. Recommendations will be made to
ERDA for further develupment of promising
feeder concepts.
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During Phuse 1H, feeder concepts having a
strong probability of being commercially feasible
will be designed. fabricated. and operated in
enisting and projected piiot plants. Feed rates for
these feeders probably will be 3 to 5 tons an
hou . As part of this phase. Lockheed will also
prepare a report that will include design specifica-
tom, assembly and detail drawings, assembly pro-
cadures, installation and functional test proce-
dures. and operation and maintenance manuals.
The duta obuained in the pilot plant tests will be
araivzed. and a final report including engincering
design of equipment for a demonstration plant
will be prepared.

A fourth phase (nor part of this contract),
using the results of pilot plant testing. is envi-
stoned to inchude development. design. fabrica-
tion, and delivery to ERDA of coal fecders
cormpatible with demonstration plants. Feed rates
in this phase likely will be 50 tons or more an
hour.

PROGRESS DURING JANUARY-
MARCH 1976

Coal Feeder Concept Study

The Phasc I finzal report was completed, re-
vivwed by ERDA. and approved for release.

Laboratory-Scate Coal Feeder
Development

Four coal feeder systems are being studied in
Phase II: fluid-dynamic lock. kinctic extruder.
ball conveyor, and ejector. (Lockheed had indi-
sated previously that an injector. rather than an
eiector. would be studied. Further anziysis of the
injector latc in the fourth quarter of 1975 indi-
cated. however. that it was not a reasonable can-
didate because of its hich energy requitements.)

To establish a firm basis for the design of the
coal feed systems for use in commercial plants.
Phase 1I will include:

e Laboratory tests. using simple bench-scale

equipment. to answer questions pertinent to
equipment design.
Supporting analysis provided by mathe-
matical models developed for optimizing
equipment design. projecting operating effi-
ciency. and updating ecoromic data gener-
ated during Phase 1.
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Design of test equipment.

Fabrication, including procurement of mate-
riais.

Installation of test cquipment followed by
testing as outlirzed in the test plan and data
reduction and analysis.

Documentation.

Desien. procurcirent, and instaliation of
cquipment for the est lcop facility.
Assurance that hardware is menufactured to
applicabic specifications and that all opera-
itons and spccifications adhere to safety
require ments.

Schertutes for the Phase I1 program were re-
vised i accelerate hardware desien and procure-
ment s the test program can begin in August
rather than October 1976,

Lockheed selected o design for un ejector that
should transfer coal from atmospheric pressure to
a reservoir at about 2.5 otmi. at 2 maximum rate
of about 720 pounds per hour. The analysis pre-
Jdicts that a primary air suppiy of about 380
pounds per hour at 5 atm is required to drive the
gjector at maximum eifficiency. To simplify the
coal-zir vntrance geometry. an annular jet ejector
configuration was selected for initial investigation.
The laboratory test hardware is being designed.

Preliminary experiments with dense-phase flow
of gassolid mixtures were done during the quar-
ter to assist planning for additional laboratory
hardware and tests and to provide an iritial cor-
relation with [itcrature results. Dense-phase flow
from a bed (with an internal diameter of 3.77
inches) of sodium chioride fluidized with air was
established through a flexible neoprene tube
(22.5 by 0.128 inches) by pressurizing the fluid-
ized bed slightly to establish a pressure difference
across the feed tube. A funnel-shaped flare on the
feed tube inlet was used to decoupie the feed
tube inlet from the bubble phase in the fluidized
bed. A steady salt flovs rate of about 50 pounds
per hour was achieved with a feed tubc pressure
differencc ol about !.24 atm. The feed rate
changed very little during large variations in bed
height and fluidizing gas velocity. The experi-
menta! data, coupled with conclusions reached by
other investigations. suggest the possibility of
developing a reliable, fast-response flow meter for
cense-phase coal flow based on measurement of
pressure drop across a portion of the coal feed
tubes. Additional tests are planned to:

o Calibratz the dense-phase feed and transfer

system. obtaining data such as flow rates of
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solids and gases as a function of pressure

drop across the feed tube, bed height. fluid-

wing gas flow rate, solid-particlesize distri-
butian, and gauge pressure drop.

e Determine ejector performance with gzas-gas
singje-rhase operation.

e Determine ejector performance with gas-solid
two-phase operation.

Detailed designs of components were com-
wieted for laboratory investigation of dense-phase
pncumatic transport of pulverized coal and the
eiector or jet-pump concept for dry coal pressure
feeding. Hardware is being procured. lastallation
of equipment for solids transport studies was
completed. and check-out runs with inert solids
were started. Fabrication of machined parts for
the ¢jector 1ixing and diffuser section is behind
schedule.

Two types of ball conveyor tests are planned:

s Static tests designed to observe the flow ef
gases threcugh a column of packed spheres
and coal to determince the ceal-bed charac-
teristics. The variables to be investigated are
coal-bed packing density, diametral clear-
ance. and pressure drop across the bed.

® Dynamic tests designed to observe the be-
havior of the column while moving at the
expected velocity. Ceal-bed properties, dizm-
etral clearance, and colums velocity are to
be investigated. The force on the piston will
be determined to permit calculation of fric-
tional forces.

Fabrication and procnrement of parts for the
ball conveyvor laboratory equipment are nearly
conpleted. Assembly of the test sctup is also
nearing completion. instrumentation for both the
siatic and the dvnamic tests has been completed.
and the first tests with coal are scheduled for
April 1976.

Supporting analysis efforts involved work on

all four feeder svstem concepts:

@ The theoretical modcl of the ejector mixing
section was reformulated to eliminate an
arbitrary temperature ratio selection problem.

® The first test rotor for the kinetic extruder
was designcd. Contacts with workers active
in the fieid of particle flow dvnamics have
no! yiclded information veyond that already
considered in development of the existing
kinetic extruder flow model.

23

e Development, coding, and debugging of the
standpipe ball conveyor model were com-
pleted. Basic inputs tc the modei are num-
ber of balls. sizes and clearances, ball speed.
gasifier pressures, temperature, coal porosity
and permeability. gas properties, and frac-
tion of flow area betwaen each bed that is
blown (channeled). Model runs made to date
indicate that, if channeling occurs, flow
thrcugh the channels accounts for 90 to
99.5 percent of the net gas lealage. If the
standpipe pressure gradient is approximately
uniform as required, gas leakage is fairly
significant. To minimize leakage. a distribu-
tion with a small pressure drop near the top
of the pipe is needed: controlled gas flow
can provide this smali pressure drop.

e Work on the modei of the f{luid-dynamic
lock has been subcontracted. The effort
involves development of a mathematical
model to describe two-phase flow through a
bladeless radia! flow compressor.

Design work during the quarter {Cused on the
rotor drive system for both the kincitic extiuder
and the fluid-dvnamiz lock. The design will be
released on a2 component basis so that matenal
procure:nent and manufacturing can be started.

The test loop facility will be located in suud-
ing 150 of the Lockheed plant in Sunn,- aic.
California. Layouts were prepared ior equipinent
iocation and preliminarv sizing Tank suppori
structures are being designed. Plans ior instru-
mentation to record test data are being formu-
lated. The bid package for the pressure vessels
was released to qualified vendors.

Manufacturers of critical components such as
seais. bearings, and valves werz contacted to
determine availability of equipment. Considera-
tion is being given to using existing companents.
if appicable; for example. an existing air turbine
capable of dclivering 35 horsepower at 20,060
rpm could power initial tests of the fluid-dvnamic
lock and the kinctic extruder.

Product assurance and safety efforts were de-
voted to review of plans, designs, and facility
lavouts. A preliminary analysis ¢f hazords was
preparcd to establish safe test setups and opera-
tional procedures. The ball conveyor test equip-
ment and proposcd operating procedures were
also reviewed.



V. ENGINEERING AND TECHNICAL SUPPORT

HUNTSVILLE DIVISION
U.S. ARMY CORPS OF ENGINEERS
HUNTSVILLE, ALABAMA

Contract No. E(49-18)-1759

INTRODUCTION

Under an interagency agreement belween
ERDA and the Office of the Chief of Engineers,
U.S. Department of the Army, the Corps of Engi-
neers is providing ERDA with engineering and
technical support related to demoastration plant
desien and construction and to the procurement
of equipment with long lead times. This support,
begun in mid-1974, involves the services of the
Army’s engineering forces to provide technical
services for Facility design. consiruction, and re-
lated support as requested by ERDA. Demonstra-
tion plant assistance requests are made in the
form of task assignment letters describing the

Funded by Individual Task

scope of services desired. The task letter defines
the specific function requested. enumerates the
contract responsibilities. indicates the proposed
location of the project, defines the funding limi-
tations, and designates the individual or office
responsible for furnishing any requesied ERDA
inputs, directions, or approvals. ERDA is biiled
by the responsible field operaiing agency for
actual expenses incurred monthly.

PROGRAM DESCRIPTION

Under ihe current task letier. the Corps of
Engineers is supporting ERDA in advance pian-
ning for several demonstration plants and prelimi-
nary engincering for the clean boiler fuel demon-
stration plant (see Section I). The scope of
services requested is:

Advance Planning

e Help prepare requests for proposals (RFP)
for new demonstration plants.

e Take part in reviewing and evaluating pro-
posals received in response to the RFPs.

® Perform spscial studies. such as specific
concept designs, refating to design and
construction on a task basis.

Preliminary Engineering

& Review and/or prepare design criteria.
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Review preliminary engineering designs.
Review and validate cost estimates and
schedules.

Review and/or assist in developing envi-
renmental impact statements.

Review the results of site invesiigations
and evaluations done by contractors.
Assist the development of reliability and
quality assurance plans. coafiguration
management pians. and computer pro-
gramming for resource management.

The Corps of Engineers was also asked t¢ procure
long-lead-time items for the Coalcon clean boiler
fuzl demonstration plant. The Huntsville Division
was designated as the field operating agency re-
sponsible for these tasks.

PROGRESS DURING JANUARY-
MARCH 1976

Plarining

A detailed cost estimate was prepared for the
revised scope of work for the clean boiler fuel
demonstration plant. which is to convert 2.500
tons of high-sulfur coal per day to clean liguid
boiler fuel and to high-Btu pipeline-quality gas
using the Union Carbide hydrocarbonization pro-
cess. The Corps of Engineers also participated in
a review of the estimate with ERDA. RFPs for
survey, soil, and topographic work for the
Coalcon plant were also reviewed.

Activities related to the synthetic pipeline gas
demonstration plant that will convert high-sulfur
coal to clean high-Btu pipeline-quality gas in-
cluded helping ERDA prepare a project manage-
ment plan describing ERDA management of the
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program and relationships of ERDA. other
government agencies, and the contractor(s). Pre-
liminary evaluations of technical proposals tor the
synthetic pipeline gas demonstration plant were
completed by the technical advisory commitree,
questions were prepared and sent to the offerors.
and oral presentations by the offerors were lield.
Preliminary evaluations of economic assessment
and work brcakdown proposals were completed.
Cost estimates for cacli proposal were prepared
and submitted to ERDA.

The Corps of Engineers participated in a final
meeting to review and incorporate comments mnto
the final draft of the RFP and mode! contract fur
a fuel gas demonstration plant that will convert
high-sulfur coal or Lenite into a clean low-Biu
fuel gas. Other activitics during the quarter in-
cluded participation in & preproposal meeting at
ERDA ana :» a wwecimg at Mound Laboratory.
Miamisburg. Ohio. to rcview the scope of the
effort and establish operational facilities for the
project.

Engineering

The Corps of Engineers. ERDA. and Couicon
met to review the completed design packages lor
the clean boiler fucl demonstration plant. Package
content was defined and schedules established.
ERDA and Coalcon responded favorably to the
level of review of dctailed design proposed by the
Corps of Engincers. During the quarter. review
conferences on process flow sheets for five pro-
cess systems were conducted. Also. the Corps of
Engineers reviewed the Coalcon configuration
marnagement plan and reliability and quality
assurance plan, participaied in the Coalcon yuar-
terly review, and participated in a task force
meeting on environmental impact statements.



VI. TECHNICAL ASSISTANCE SERVICES

THE RALPH M. PARSONS COMPANY

PASADENA

Contract No. E(49-18)-1775

INTRODUCTION

The Rulph M. Parsons Company is providing
technical assistance services to ERDA with the
objective of developing and demonstrating prac-
tical processes for producing liquid and solid fucls
from coal. Under this program. started in 1972
and updated in 1974, Parsons is:

® Devcloping conceptual designs and economic

vvaluitions for commercial plants.

® Lvaiuating pilot plant performance and other

vxpenimental operations.

& [valuating unit operations and processes for

possible applications in coal processing. in-
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Total Funding: $2,990,892

cluding design and construction of pilot
plants.

e Evusluating proposals for new work and for
changes in ongoing work.

The development of commercial design con-

cepts and technical evaluations involve:

e Review of chemical. mechanical. and matz-
rial prodlems associated with the design of
large planis and equipment.

e Identification o1 problems in sizing. safety
factors. and instrumentation of equipment.
which must be resolved before equipment is
specified ior manufacture.

e ldentification of construction problems. in-
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cluding availability of materials. type of land
base. and area required for construction,
that must be solved before large equipment
can be fabricated in the field.

& Establishment of overall utility requirements.
This effort will provide a common economic basis
for comparing capital and operating costs of the
processes. Ultimately. the commercial design con-
cepts will serve as guides for sclecting the best
voal processes to be demonstrated in commercial-
sized plants.

PROGRAM DESCRIPTION

Parsons has 1wo main tasks: develop concep-
tual designs and economic evaluations of commer-
cial plants. and do technical cvaluations.

Conceptual desizns and economiv evaluations
of commercial-scale plants are being developed
for the Char-Qil Enersy Development (COED)
process, an cil/gas process based on the Solvent-
Refined Coal (SRC) process. the Fischer-Tropsch
process. and a combined CoalOil-Gas (COG)
process. The conceptual designs and cconomic
evaluations are based on engineering datu such as
process vields. conversion efficiency. pian. eco-
nomics. and environmential analysis from pilot
plant operations. The COED design was com-
pleted bv the end of 1975, and designs of the
oil/zas, Fischer-Tropsch. and COG plants were
well under wav. The design. eguipment specifica-
tions, and capital cost ¢stimate of a 40.000-ton-
per-day mine were also completad during 1975.

Parsons. at ils own expense. is developing a
computerized process simulation program that
can estimate fixed capital investment, material
and enerey (utility) balances. and potential profit-
ability ol various coal convession complexes. The
program will be available to this prcject.

Among the technical evaluations is the develop-
ment of functional and preliminary specifications
for equipment and control apparatus required in
the candidare conversion processcs. All the com-
ponents of a plant, frem coa. handling through
fuel production. are being considered. along with
the associated units for power generation and
waste treatment. Another cvaluation consists of a
studv of materials for equipment to determine
what js preferred for use in coud conversion pro-
cesses. Parsons is also determining what facilities

are required to control air, water, and solid waste
pollution to assure izt plant operations are with-
in applicable state and EPA enviroamental stan-
dards. Finally. Puarsons is providing general sup-
port activities and preparing reports for ERDA.

PROGRESS DURING JANUARY-
MARCH 1976

Conceptual Designs cf Commercial Plants

Work to change the design of the SRC-based
oilfgas plant to include a 2-10-1 oil-to-gas ratio
continued. A 30.000-ton-per-day coal mine was
designed to supply the oilfgas complex. and the
capital costs were estiniated: design of the related
coal preparation faciities continued. All basic
process designs. process tlow diagrams, and pro-
cess input for equipment sizing and specifications
for the complex were completed. Some changes
incorporated were the use of vacuum filters in
the dissolver design. the addition of a third shift
reactor to the shift umit to control the ratio of
hydrogen to carbon monoaide. and the addition
of a sccond side stripper to the distiilation unit
so that the wnit now is <apable of producing
naphtha. light fuei eil. wash oil, and bottoms
tboiling above <400° F). Puarsons selected a liquid
phase methanation process. completed design cal-
culations for the nmcthanator, completed a pre-
liminary overali utility buiznce. and initiated the
final review of all unit material balanzes, Prepara-
tion of a list of catalvst and chemical resguire-
ments for the vomplex. estimation of capilal
costs. and sclection of construction materizls is
continuing.

Material and enersy balances and a preliminan
utility balance for the Fischer-Tropsch plant were
compl=zted. The design. specifications. and capital
and operating cost estimetes for the 40.000-ion-
per-day coal! mine and related coul preparation
facilities for the Fischer-Tropsch complex were
completed. in addition to the process flow dia-
erams. cquipment specifications, and capital cost
estimates for the coual storage, grinding, and drv-
ing units. Capizal cost estimates for the process
units were started. A quantitative economic com-
parison of the capital and operating costs of
single-stage and  two-stage easifiers indicated a
potentially iower product cost for the latter:
therefore, the two-stage gasifier was chosen for
the Fisches-Tropsch plant design. Construction
materials for the plant are being selected. A dralt



was  prepared  that describes the products ex-
pected from the plant and lists the properties and
market specitication tor each product.

The comparative evalcation of coal liquefaction
processes for tie COG plant continued. The
scope and objectives of the program are being
defined. Cost. yield. and utility data are being
de seloped tor the H-Coul and Svnthoil processes
and Tor four SRC processes. Block flow diagrams.
ma eral balance calculations. some equipment
specifications, znd factored cost ostimates for
selected processes were prepared.

Technical Evaluations

kquipment development continued this quar-
ter. Cenceptual configurations and  capital cost
and posver requizement estimates tor ground coul
compression screw  feeders were obtzined from
cguipment manufacturers: preparations for tests
at Il atm were started.

Additiona! information was received on the gas
venturt scrubbers for the Fischer-Tropsch process
and on the dry and wet electrostatic precipitators
designed for vacuum service. Parsons requested
that a rotary pressure filter cake sample. without
solvent, from the SRC pilot plant be submitted
for expeller tests and that samples of filter cake
with solvent be submitted for turba-film vacuum
evaporator lests.

Other activities included evaluation of process
Jow diagrams of the Fischer-Tropsch and oil'gas
plants for conformance to ccological reguire-
ments. investication of water pollution effects of
voal ash. and 1nvestigation of requirements for
carbon monoxide cmission controls in  states
where coal conversion facilities could be located.
The SRC plunt in Fort Lewis. Washington. was
visited 1o review its environmental racilities and
procedures. Parsons visited severzl organizations
to evaluate their facilitics and capabilities Jor
mvestigating the onginecring properties of maie-
rials for coal conversion.



GLOSSARY

The ntent of this glossary 18 10 give a general defizition ot terminology as
used i this report. A glossary i constdered desirable because ot the diverse
orzin of the technology and broad spectrum of potential readers. For more
procise and detatfed detinitions, the reader is reterred to 7he Linal Book or

ASTVY Sracdards published by

the Amcerican Sociely

tor Testing Muterials

CASTM ., Caceical Dnameers” Handbook by RUOTL Perny and C HL Chitton. and
A Dickeiiary or Stinog, Minceral, and Relarcd Terms published in 1968 by the

U.S. Department of the Interior.

V- Anrgrom e, aoat o leagth equat o 1y PO

meters o W% mncions, geaerally ased as the umit for

doesrthing interatemic distances, as an example, the
carmon atoms mdtamend are TS\ spart,

absorption ~ the disciziton ot 2 gas e bguad.

acceptors — caluned curbonates that absurb carben di
wnde evohved Junng gasificanon, sothermeally .

acid-gas removal — a4 sectn o1 ¢ gis plant where by dro-
fen sulfide and cerbon dioaide are remosed from the
Wy Slream.

activated carbon — (aihon obraiped by carbonvation i
the absense of an. preterably oo vactium, has the
praparty of absorbing large quantiites of gases, solvent
vapors. uscd also Ter clantvng hyguids,

adisbatic — any process where fieat 15 nesther given oft
ner absarded,

adsorption -- the physical and chemical adherence o1 a
gy tar the surrace of a sohd.

agglomerate — assembluge ¢l osit particles nigidly jumed
togethier. as by partial fusion (sintenng).

anode carbon — carbon of tugh purnity. usuatly crystallized
te graplute torm. widely used i Leclanche cells. in
rds for sluming rethung. i electriv ares and nuclear
reactors.

anthracite ¢coal — any coal conaining 86 o Y8 peresnt
fiaed carbon, on a dry . mine amatier-tree basis,

aromatic hydrocarben — an unsatusated cyche hydrocar-
bun contaimmg one or more snv-carbun rings.

ash « theoreticaily. the morganic sslts contained m coal:
practically. the residue from the combustion of dried
coal that kas bzen burned at 1.380° F,

autoclave — 2z veossel, constructed of thich-walled steel
(alloy steel or nickel alloys). tor carrying vut chemica!
reuctions under pressure and at high temperatures.

bench-scaie unit — a smail-scale laboratory unit tor testing
process concepts and operating criteria as a first step in
the cvalustion of a process.

binder — carbon products. tars. cte.. used to impart cohe-
sion 1o the body to be formed: a coalextract binder

may be used to prepare futmed-cohe pellets from nos-
cohiny cauls,

bituminous coal — 1 ol clusy o1 coals contamng do 1w
»o pereent fived carbon and 20 to 30 peicent voletiic
matter,

blow dowa — the removal uf gnds from a process vess
by the applhication of pressic

botioming cycle — the lowe: tomperature thepnody nami
poner cyele of a combined-cy cle system.

Btu ~ British thermal umt. the quantiy ot enagy e
quied 1o rae the temperatuie of one pound oF aaicr
one degree |alaenheit,

8TX — bensene, toluene, i lene. sromatic hydracarboens,
toluene is methylbenzene, sylene s dimethyl benzene

caking — il sortvning and agglomeration of woal 1y 3
cesult ot the application oi beat

calcine — tu heat a sohd 1o o hgh femperatuie o cause
the decomposiuan of hydiates and carbonates.

carbor: fiber — very fine filuments about N neciens in
digmeter which are used 1n composite metertals, bemg
bound with resms.

carbonization — the destructive distillation of ceul i the
ahsence of air gecompunied by the formation of char
(coke) Niguid ftar). and saseous products.

catalyst — u substance thei accelerstes the rate of a
chemical reaction without itself’ undergomg a permae
nent chemical change.

centrifuge — an apparatus retaung at high speed to sepa-
rate solids rrom liquids. ¢.g.. unaissolved residue Trom
coal solution in the SRC process.

char = the solid residue from coal after the removal of
mwisture and volatile matter. i, essentially ash plus
fixed carbon.

Claus process — a process fur recovering elemental sulfur
from hydrogen sulfide gus. utilizing a brick-work kiln,
al high temperatures with oxygen reacting with the
Lvdrozen sulfide w vield dry sulfur and steam.

closed cycle — a thermodynamic power cycle in which
the working fluid is recycled.

3
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coal — u tatural selld material conssimy of anorphous
ciciental carhon with vanous amounis ub organic and
MoTane coipounds.

coke — 4 sohid consntmg primanly of amorphous cathon
hu-ing certam properties of strength, cell stractare. and
mEnEeEn anpenties, and manutactured by the thernal
Jecompositaa of petfolenm esidues and certau (ypes
ot ol

coke breeze — cohe partiches smaller thae 1 2 ek m sice

combined cydle — Two wguental thermody namie powet
Ccontenon stalems eperating st diferent wmpeiatuies,

combustion gas — ga~ tormed by the capid snadation or
caal, e, burnmg.

combustor — 1 veax! o which combustion oi gaseous
products trom 2 Tuel tahes place by the chemieal umo
ol ovgen with e gas

coupon — a pulished metal strip wsed to measure the rate
of corroston ol the mefal m a spectiic gaseous wr jlaud
CHVIFOINNCTI.

cracking — thy partizl decomposition of high-molecula-
weight vrzanie compounds inte lowermolecular-weighs
compounds, gonerally as o resalt of high temperatures.

crude gas — zax produeed 2 gastiler containmg o wide
cange of tmpuritics. abo Aown as otfgas,

cyclone separator — vssentially & ~etthng chamber to sepa-
rate salid partnles trom g ogas o wiach gravitationa

azveleration » replacedd By contatugal aceeleration.

degasification — 4 process for drammg 2aturelly occurnng
methane from coal ssams,

delayed coking — 4 process whereby cozl 1 subjected to 2
lonz 2enad of carbonization st medete Wnprrataes
to form metallurgend coke,

demineralization — removal of mineral matter (ashi}) Irom
cod! by solvent extraction, vsuaally under by diogen
atmusphiere.

demonstration plant — a plant whose design 1+ based on
Jaza desived  from phiotectle etz of  sutticent
capacity  to demoastrate the largescale teasbility or o
process,

depolymerization — the change o 3 large mulecule (e.2..
cual pulymeis) nto simpler molecules (g, anamatiss,
BTX)., usuallhy accompunied by the substitution o
hydrogen or ox) gen,

destructive distiliation — the distillatien of coul or other
soltds accompanied by therr decompustion. destrucine
distiliation of coal yvields ¢oke. tas, ammonia. gas, ele.

desutfurization — the remowal of suliur from hydrogcar.
bonacewus substances by chemeal seactions. Varous
processes are Claus, Appleby-Frodinghan. C.S.1LR.O.
ferric chloride leaching. Kennecott,

devolatilization ~ the removal of a proportiun o the
volatile matter from medium- and highwvolatile coals e
prsvent subsequent cuking.

dissolution — the taking up of a substance by u liquid
with the fonnation of 2 homugeneous solution.

distillaton — 4 process of evapeiaiion aid recondensainm

ot for sepatabing  drguids  anto Vanots o iracties
according o then hothng pomnts g Poiling ranges.

dolomite — 4 meneral g the chewneat tormuls Ca\l
{00 s, 1o, 4 carbonate of Caiviugm and nagiesie

Dowtherm — tademarh fur g sCties of enfevite wimduses
af diphens] onde and

tempetature heat-transter luads.

dipliens ] uswed o baghe

ebultated bed — a1 bahing bed. s, contamung a relatnely
small proporiion of sispended salids, bubbles through
a fnghes densiiy fludized phase with the resull that
the sysfem resembies o bothng houd.

economizer — a heat exclunger sor jecovering heat tzom

ue zases and using 11 o heat teedwater o combustion
au.

effluent gas — zas Baumag from g gasiticr or combusior.

electrode carpon ~ see anuode carbun,

elutriation — the prelerential remetal of (ke small constt-
tents ol 3 mxtuie ol sobid particles by o stream of
hizhaclocity gas,

endothermic — o process 1n which heat = abworbed

enthalpy — a4 torm uf thermal encigy detined as the sum
of the miernal energd of g systent plus tie prodect of
“he system’™ volune and pressnie

entrained bed — s bed in wlhieh saiid parecles ate soe-
peaded 10 2 moving Tud and se progresnely carnesd
over i the erflugent street

entrained flow — sce entramed hed.

eutectic — that combmalion ¢i (Wo o mere cmponents
which produces the lowest meliing tempetature.

exothermic — 4 process i which heat » hberated.

extraction — 1 progess jor dissoling ceriam cominuents
o 3 omndwe By omeans of g hgquid with sobent proper-
ey tor selected components unly.

extraction-hydrogenation — evlraction Jared out an tie
presemee of hadrogen enther as 2 gan o1 denved by
tramster From hydrogen donor soltents.

extractive coking — wmilar to Jdelased coking process.
with the eriphiasis on high a1 vields o produce hyuads,

filter cake — the munst rewdue remamuag 1rom the tilirg-
tion of a slurry to produce 2 clean ltoate

filtrate — 4 lguid bree of soitd matter siter having passed
through a filter.

fiftration — the separation of solids from hquids by pass
me the minture through o sutahle mediam, ¢ g, cloih,
poper. distomste

Fischer assay — an away Jor the determinaiion ot ol itar)
stelds fram coal o wii shzle: conducted in g setort
under an inert atmosphere with 2 eradual increase m
icmperature.

Fischer-Tropsch catalyst — 1ron and cobalt catalysts devel-
oped by Pischer end Tropscl: for the catalytic syn-
thesis ot liguid fuels from coal-derived synthests gas

fixed bed — sulid particles m wptimate contzet with Jluid

32



nasanz hroaghe thems nel oo slowlv te cause
Huidizetion

fixed carbon -- theorctcalls the carmon content ot ol
whidh ety e the clemental state practicaliv . the
dinterende between TUU percent and the sum of ash,
monture. and solatle matter percentages

fiash carbomization — 4 carbonization process Sharadtensed
by wety short residence times ot cagl e ihe weacton 1o
aplimtze tar vields, abso calied thash pyrolysis,

flue gas — wus ooung from g cotbustor, aither vxhuasted
to atmospheie o expanded through o ges wrbine.

flutdization tdense phased — the turbulent moton o1 sobid
paotcdes g tleid o steam, the particies e cdose
vhough us o mnteract and gne the appearance ot oa
bothing liquid

fiudization (entraincd) — sohd particles tiansported oy 2
Inghoveluaty thud stream waath hittle o no solid inger-
awllon,

fluidized bed - 4 ted tunough wluch o Tl s passed
with 4 vwloatty fagh enough tor the sohd particles to
separale and become trechs supported i the Nud.

fly ash = o fime ash trom the pubvensed coul burned
powetl station hadees. or entigined ash cained over
from 3 gasitier.

fractionation — Jistllanon process tor the separation »
the vanous componcenis of Iguid mntures, an etfecinge
sepuration cun oonly be achieved by the use of frag-
honating columny attached 10 the sulll abo alled
fractional dostillation

freeboard — the spoce n 2 Buwdized-bed teaction between
the tup o the bed and the top of the reactorn

free swelling index — 4 stamdard test that mdwates the
cahing chassctenstics ot caal wiwn buined as a tuel.

Freidel Crafts catalyst — tiw catahyst cmplosed i the
ssnthest, of benzene hydrocarbois by the action ot
alky ! halides un wromates i the presence ot anhs drous
alvmnum chluride.

fuel cell — 4 palvanic vell in which the ovidation of 4 tucd
ey voald is atilved 10 produce clectneity .

fuel gas — low heating value product senerafly uulized
i far powar eeneration o industaal use.

gasitication of coal — the cumursion ot sohd coal o 3
yaswous torm by any o J variety of chemcal processes
gasifier — 4 vessel 0 which pasitication ocours usucliy
utitizing fised-bed . Tudized-bed. or entramed-bed units

high-Bru gas — 4 pas. largely methane. having a heatag
value o1 900 te 1000 Brtu per cubic foot, which
approaches the value 1or nutural gas,

high heating value (HHV) — the heat fiberated during o
combust:on process i winch the product water vapor
x condensed 1o g liguid.

hydrocoking — coking ol . SRC. ete.. under hvdio-
genating conditions o torm hguid products

hydrocracking ~ the combination of gaching and v dro-

gengtion ol orzunie cospounds.

hydrocyclane — o sumll oyvclone entractor 1or removal of
suspenided solids srom g lowing hgquid by means of she
centniugal torces set up when the liquid 15 made o
Tow throagh a nizht comeal vortex.

nydrogasification — zasitication that mvolves the addition
o1 hydropen tu the products of primary gasificanon to
opirni/ze turnmation of methane.

hydrogenation — chemical reactions involving the addition
o ivdiogen. present as 3 gas. o a substance an the
presence ol g czizivit under high tomperatures and
prossutes.

kydrogen donor solvent — sulvent. such os anthracene il
tetralin (tetrahy dronsphthalene). decaling cie.. which
transiers hydrogen to oal constituents causing depol
menzation and consequent evolution of higeid products
of Jower botling ange winch are then taken up by the
sohvent.,

hydrotreating — u prowess imalving the reaction of hydro
gen with indrocarbon mintures Tor the removal of
such nmpurities s vaygen. nitrogen, and sulfur.

ideal gas — uny pas whose cquanon o) state is expressed
By the adeal gas law, namely PV=RT where P s the
pressure. Voas the voluime of one mole. R i the gas
constant. and T o the 2bsolute temperature.

icnition temperature — the nunimuir temperatuiz neces-
sany o initiate seli-sustained combustion of 4 substance.

industrial gas — scx lucl gas.

inerts — macerals in coul not readily changed by the
action 0! solvents n the selvent extraction of coal.
¢, Tusinite.

in situ — 1n 1 ongingl place. e underground gasilica-
ton ot a coal swam.

intermediate-Btu gas — synthests gas product with an
HHV between 230 and 5300 Biu per standard cubic
toot, consisting mainhy ot carbon monoxide and hydro-
gen.

lignite — a low 1unk of coal between peat and sudbitu-
NroUs.

limestone — u sedinwntary toch composed mostly  of
calvium carbonate (CaC0,) and possibly some magne-
sium carbonne (MeCO,).

liquefaction — conversion of a solid 1o 3 hquid: with coal
this invanasbhy imvolves Lvdrogenstion to depoly mernise
the coal mulecules to stmpler molecules.

liquefied petroleur: gas (LPG) — those hydrocarbons that
have 4 vupor pressure (ai T0° F) shghtly above atme-
spheric (such o propane and butanc): kept in liguid
torm under a pressure higher than 1 aim.

Jock hopper = 2 mechanica! device that permits the intro-
Juction ot g solid into an eovironment of ditterent
plessute.

fow-Btu gas — a gas having a heating value of 130 to 3530
Biu per cubic foot. when muade tfrom caal. water. and



Jr, 30 contains sanamg quantties ol caibon monovide.
carbon diovide, mitrogen. hydrogen, sud methane.

MAF — montuies and ash-tieer a teom that relates to the
organte Traction m coal. “mostures and minecal-matter
free™ 15 equivalent.

methanation — the produchon of methane (CHi) froma
minture of carbun monovide and hydrogen.

micron — a unil ol lenath equai to eite milhonth of a
meter.

natural gas — naturalh oceuning gas extiacted from sedi
mentery structures coassting mainhy of methane and
having an HHV to 1.050 Buu per standard cubic oo,

nencaking ~ 2 coal that Joes not form cohe unde
nonmal coking conditions.

olefinic hydrocarbon — a cluss of umaturated hy droecar-
bons containing one ot mor: Jdouble bonds und having
the zeneral chemical formulz CoHon.

open cyde — a thermody namic power ¢y cle in which the
working fluld passes trrough the system ondy vnee and
is then exhausted to the atmosphere.

perfect gas — see idedi gas.

petrochemicals — those derived tvom ¢rude oil or nature
gas. or therr coal-derived substitutes: they include hght
hvdrocarbons such as butylene  ethylene and propyl-
ene. the raw maternials for the produciion of plastics by
pulymerization.

phenols — & group ol aromatic cumpournds having the
Iy drows . group directy attached 1o the bensene mg.
They give the reactions of aleohols, formmng esters.
ethers, and thivcomipounds, phenols are more reactive
than the benzene hydrocarbons: derived ‘rom coul tar,

pilot plant — a chemical process plant contzming all the
processes of g commercial unit. vut un a smaller scale.,
for the purpose of studying the process.

pipeline gas — a methane-rich gus that conforms to certam
standards and laving an HHV between 950 and 1.050
Btu per standurd cubic fool. Standards include mini-
mum water conieni. minimum in2rt gases. minimum
hydrogen and carbor monoxide cortent and com-
pressed 10 1.000 psig.

precoat — laver of suitable filtzring medium. c.g.. diato-
maceous earth, laid dJown on a rotary filier cloth prior
1w uperation.

priiling tower — a tower that produces small solid apglom-
erates bv spraving a liguid solunion in the top and
blowing air up {rom the bottom.

process development unit — u laboratorv-sized svstem
usad to study the effects of process variables on
performance.

proximate analysis — anajvsis of coal based on the per-
centages of moisture. volatile matter. fixed carbon. and
ash.,

purification — remusal of the wide range ol impurtics
present an gases Hrom woal gasicstion to vield puniny
gas. See Recitsol process

pyrolysis — thermal decampuosition ot viganie compounds

m the sbsence of anygen

quenching = coulng by mmeision 11 wi or water bath wr
ApIas.

Raney nickel catalyst — nichel sponge wwed oy 3 catalyst
i ihe hydrogenastion of orgame mierialh and  the
methanation of synthesns gas to methane,

raw gas — we crude gas.

reactivity — siscepubiline te chemical change, in coul
comersion, the teactisity ol the coal Ter converszan to
liquid products iy 2 function of e MAF volatiie
matter cortent and the petrogiaphic compusition of
the coul.

reactor — vessel in which coalconversion reactions take
place.

Rectisol process — a provess toi the panticsion ol coal
sasification gas based on the capability of cold metha-
nol v absorb all gas unpurities 1 a1 single step: gas
raphtha, unsaturated hydrocorbuns, solfur, hydrogen
sullide. and carpen dioaide are removed from the gas
stream by the methanol at temperatures belew 9°C.

reducing gas — uszd as a reductmg agent i redox reae-
tons, c.g.. hydrogen, supaiheated steam.

refarming processes — a1 group of propriclary processes
which low-grade or fow nolecular weight hydrocarbons
are catalytically reformed to higher grade or higher
molecular wesght materials: alse applies 1o the endo-
thermic reforming off methane, for the production of
hydrogen by the reaction ot merhane and steam in the
presence of mickel catalysis.

refractory — a matertad capable of withstanding eatrem:ly
high tempsratures and having relatively low thermad
conductivitics.

residence time — time spent by a typical particle in 2
reaction zone,

saturated hydrocarbon — a hvdrocerbon in which all
boads are single covalent bonds and none are double
or triple bonds.

scrubber — zpparatus in which a gas stream is freed of
tar. ammonia, and hydrogen sultide.

semi-water gas — a mxture of carbon monoxide. carbon
dioxide. hydrogen, and nitrogen obtained by passing an
air-strean  mixture through an incandescent bed of
coke: HHV about 120 Btu per standard cubic foot.

sensible heat — thut heat which results in only the eleva-
tion of the emperature of o substance with no phase
changes.

shift conversion — process {or the production of gas with
a desired carbon monoxide content from crude gases
derived from coal gasilication: carbon monoxide rich



24 Iy dvorated with steam and passed througe o Gt
It eator wheie the casbon monosaide seadts with
stewi fo oroduce hvdrozen and carbon droade, the
Latter beioyg schaequently removed in 2 wash plant. The
rabic at hydrogen to catbon monovide i the product
eas can be changed st will

sintering — the agglomeratton of solids 2t temperatures
below therr melung pomnt. esually s & conzcuuence of
beat and pressure.

slag — o molien mture ot vanous matallic oxides and
salts,

slurry — & suspenston o pulvenzed solid i higquid.

solvation — the association or combmation of moecules
of sulvent with solute jans or molecuiss.

solvent — that compunent o1 3 soletion which s present
inoexeess. or whose physical state s the same ac thae
o7 the solution,

solvent extraction — scleciive transter ol desired cosl
sonstituents o tinely divided coal particles imo
suttable solvent alter intimate mining, wwally at kigh
tempaiatures zndd pressutes in the presence of hvdro-
sen, with o without 3 catabest. tollowed by phuie
separyiton,

Sulvent Refinad Coal iSRCY - 4 coal oatiact denved by,
solvent extraction: a britle, vitrvous selid (M.P. 3067 F
t 4007 Fy containing sbout 0.1 percent ash and abow
10 percent of the sultur m the onigmal coal Teedstock:
valonific value » about 16,000 Btu per pound. May be
used a a clean tuel for power generation by combus-
tont uulized for the production of highprude metal
lurgical coke. mode carbon. and activated carhon by
cokimg. ur hydrogenated to produce syntictic crude
ol

wpace velocity — the volume of a tluid (usually measured
av standard conditiens) passing through 2 umt volume
3 umt Lme: units are in reaprocal time.

stancarc ¢ubic foot (SCF} — the volume of 3 wax at
stanaaed conditions 1 temperature und pressure. The
Arnericen Gas Assoclation uses muistere-tree gas at
€65 F and 30 inches of mercury (1.0037 atn) s its
standard conditions. The pressure standard is not univer-
salan the gas indestry: 147 psia (1000 s1m) and 133
pst2 (0980 aum) are akio used The scienttic communin
uses 32° T and 1 aim 45 standand conditions.

stoichiometry — the definite proportiens in whict mole-
cules reuct chemiealty 1o torm new molecules.

strpping — e retnora] of e more sulatil compefient:
wom g had st of componids,

subbituminiaus coal — tre rooh
nows and hgniie. Jdassiied By ASTM oy hevine o renge
of heaning values butween S300 and 11006 B por
poutd v o most minerale ctiestres hasis,

substitute natural gas {SNG) - a svathelis gy conloirung

Ot coal octwaen bty

o natuiss gaus standards.

superficial seloaty — the hincar vsloan ot o tluid { owing
theough o bed ot sobd particles calealated s toough
the particles were not present.

superheater ~ 3 heet exchanger wiich: adds heat o the
saturated steasn leaving @ butler

syncrude ~ syvathetic crude o o1l produced by ihie
iy drogenaiion of coal or coai extracts. whicn is simile:
o pelroleum crude.

synthesis gas — u munre of hvdiegen and carbon ion-
onde which can e oreactod e osyathesze @ hedus
carbon.

tail gas — 2 pas issuing from @ eas-treatment umt winch
may be reevaled 1o the process or exbausied

tar (coal) — g diark Brown or black. viscous. combustibie
ilquid tormed wy the decirucnve distdlanon of cual.

therm — L unit of heat used as g basiy iur the sale o)
natural gas. eqra to 100,000 Bu

topping cycle = the higher temporaiure hermeds aamic
power excle of o cembined-aeie system.

turned down - the reductiion ot reactor flos @iey L a
fluidized-bed reaction vesse!

ultimate analysiz — the anualvsis of coul basad wn e
percertages of chienmical clements

volatile matter — those comsitucsis of coul. enelase

moistute. that are hbeated from g sample when hezted

1o 1.730° F glor ~ minutest e the absenes of oo gon

waier gis — pay produced by the reaction of zarhony und
stean o provide mintures of curbon mencaide s
v drogen: similar to synthesis gas.

water 3as shift — the reaction between wares vunor and
cirhon menoade o produce hydrogen and carhon
dionide or the reverse: CO+ H: Q0 = 1, + 0.

workirg fluid — 4 gas stream which directly dees woni.
Cg Lo powering o gas turbine
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