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EXECUTIVE SUMMARY 

The United States has more energy a~ailable in coal than in petro- 
leum. natural gas. oil shale, and tar sands combined.  Nationwide energy 
si~ortagcs, together with the availability of abundant  coal reser~es, make 
commercial  produc~.ion of synthetic fuels :rom coal vital to the na~.ion's 
total supply of clean energy. In response to this need. the Office of Fossil 
Energy of  the Energy Research and Development Administration (ERI)A) 
is conducting a research and development program to provide technology 
that will per:nit rapid commercialization of processes for converting coal 
to gaseous and liquid fuels and for improved direct combustion of coal. 
These fuels must bc suitable for power generation, transportation, storage. 
and residential and industrial uses. 

The technologies selected for development-gasif icat ion,  liquefaction. 
and direct combustion satisfy an urgent need for a particular t vp,z- of fuel. 
are potentially feasible both technically and economical ly  (in terms of the 
costs of rcsearcl~ and development  and H~e final product) ,  and will not 
exceed t]lc air. water, and solid pollution standards established by the 
E~vironmental Protection Agency ~EPA). The emphasis given .each tech- 
nology ~arics. depending on such things as technical complexity,  develop- 
ment  stage (laboratory research, including bench-scale tests and experi- 
ments  with process dexclopment  units, and pilot plant design, constrt, c- 
tion, and operation), variety of uses for the fuel produced,  and urgency of  
the need that the technology is designed to satisf_v. 

ERI)A's demon:;tration plant program was started in 1974 by one of  
ERI)A's predecessor agencies: the Office of Coal R e , a r c h .  U.S. Depart- 
ment of the Interior. The objectixe of the program is to establish the 
technical and financial feasibility of coal conversion technologica proven 
during pilot plant testing. Demonstration plants will minimize the tech- 
nical and economic risks of commercialization b x providing a near com- 
mercial size plant for testing and production. Thus. ERDA is sponsoring 
the development of a series of  demonstration plants, each of which will be 
a smaller version of  commercial  plants emisioncd for the 1980s. These 
plants will be wholly integrated, self  sufficient i,~. terms of  heat generation. 
and dependent only on fccdstock~ of coal. ~ater .  and air. 

Under the ERDA program, contracts for designing, building, and 
operating the demonstrat ion plants will be awarded through competit ive 
procedures and will be joint ly  funded. The conceptual  design phase will be 
funded by the government,  with tile "detailed design, procurement,  con- 



struetion, and opcratio,~ phases being cofundcd. 50 pcrc-'n~ from industry 
and 50 percent from the goxernme,lt. The cost involved in building and 
operating a demonstration plant will probably {~e between $200 million 
and $500 million, depending on the size of the piant. 

The proccs.~cs to be demonstrated include the conversion of coal Io 
liquid fuels, high-Btt~ gascotts pipeline fuel:, and low-Btu fuel gas. Other 
processes will bc demonstrated as they become available, t 'RDA awarded 
the first contract under this program to CoaIcon Company in January 
1975. Coalcon is to design, build, and operate a dcmol,stratien r~la'at for 
converting hiNl-sulfur coa! to clean boiler fuel. Coi~tracts mvolsing the 
developmen~ of coal feeders were awarded to Foster-Miller Associates. 
inc.: Ingersoll-Rand Research. !nc.: and Lockheed Missiles and Space 
Company. Inc. Engineering and techr:ica! support for demonstration plant 
design and construction and the procurem,.'nt of equipment with long lead 
times is being provided by tile U.S. Army Corps of Engineers. The Ralph 
M. Parsons Company is furnishing ERDA such technical assistance services 
as the development of conceptual designs of commercial plants for pro- 
ducing liquid and solid fuels from conl. and evaluations of pilot plant 
performance and unit operations for processing coat. 

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~as 
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 completion of  construction and pressure testing 
of the Tonawanda minitest facility. Illinois 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 
pc: 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 diluted 4 
to I 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 precy.idation 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 



b.opper valve test facility is being designed, and process wastewater f rom 
the deaggiomeration 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 I port o n  the Development of Coal Feeders for Coal 
Gasification Operations was completed, reviewed by ERDA. and approved 
ibr publication. Work on Pha~ ii continued.  Prelimina~" layouts were 
completed for the coal plug and positive displacement laborato~'-scale 
feeders. Assembly of the coal plug. centrifugal, and positive displacement 
feeders was completed,  a,ad components of  these feeders are being tested. 
The dynamic sealing potential of a twin-screw feed concept is being tested 
on a limited basis. The layout for the basic coal flow feeder test loop was 
completed. 

As part of  the Phase I eflbrt in the Development of  a Continuous 
Dry Coal Screw Feeder. a rotary-valve piston feeder for feeding coal to 
high-pressure gasificrs was conceived, and its operating cost established. 
Operating cost analyses comparing existing and conceptual coal feed 
systems were refined. A comparative evaluation of coal feed systems. 
based on established technical and economic  criteria, indicated that  the 
piston feeder and screw feeder concepts seem to offer advantages o,~er 
existing methods of  feeding coal. A report document ing the Phase I effort  
was cnmpleted and submitted to ERDA for review. In Phase !1. construc- 
tiox, of the test tacilit.v for the dr)  coal screw feeders was started. The 
Ne~i-Bossi V-12 screw feeder has been received, and alternate screws for 
the feeder arc being fabricated. Preparations tor initial test operations with 
the unit cont inued  throughout  the quarter.  The IMPCO screw feeder was 
ordered, work on the preliminaD designs and engineering of  the test 
system was started, and requirements for the coal retel lor  for the system 
were determined. 

The final report  on Phase 1 of the Coal Feeder Development Program 
was completed and approved by ERDA. The feed systems selected for 
further study in Phase 1I are: fluid-dynamic lock. kinetic extruder,  ball 
conveyor, and ejector. Eight tasks were established for the Phase lI effort .  
and schedules were re-ised to accelerate hardware design and procurement .  
An annular jet e jector  configuration was selected for initial investigation. 
Preliminar2,. experiments  wi',h dense-phase flow of gas-solid mixtt, res 
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 lbctLsed on design, procurement ,  and fabrication of  parts. 
Two types of  ball conveyor tests were planned: static and dynamic.  As 
part of  the supporting analysis effort, the theoretical model of  the ejector  
mixing section was reformulated, tile first test rotor for the kinetic 
extruder was designed: and the standpipe ball conveyor model was devel- 
oped. coded, and debttggcd. Work on the model  of  the fluid-dynamic lock 
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was subcontracted. Other activities included design of the rotor drivt 
f,.vstem for the ki~:ctic c:t~ruder and fluid-dynamic lock: prcparalio:l of 
layouts for the test loop facility: and review of plans, designs, and facility 
layouts. 

Engineering and Technical Support to ERDA d,.:ring the first quarler 
of 1976 focu.~d on assisting with the clean boiler fuel demonstration 
plant proL-n'am. This work inclttded preparing a detailed cost estimate for 
the revised scope of work and reviewing RFPs for survey, soil, and 
topographic work. Among the engineering activities on the ctcan boiler 
fuel demonstration plant were reviews of detailed design packages, configu- 
ration managen~cnt pla~. and reliability and quality assurance piam Prepa- 
ration of a draft pr~ject management plan for the synthetic pipeline gas 
demonstration plant continued: preliminary evaluations of technical. 
economic asse-sment, 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 contract, and scope of work. 

Technical .4ssistance Sen.ices to ERDA involved continued work on 
the conceptual designs of the Solvent-Refined Coal oil/gas. Fischer- 
Tropsch. and Coal-Oil-Gas tCOG) plants. Capital cost estimates are being 
developed. The design of the 40,000-ton-per-day coal mine was completed 
a~ad adapted to meet 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 thc complex. Coal liquefaction processes 
for the CO(; 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 oil/gas plar:ts 
were evaluated for conformance to ecological requirements, water poilu- 
lion effects of coal ash were investigated., and carbon monoxide emission 
control requirements were investigated. Several organizations were visited 
to review their environmental or laboratory facilities and capabilities. 
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i. CLEAN BOILER FUEL DEMONSTRATION PLANT 

COALCON COM PANY 

NEW YORK, NEW YORK 

Contract No. E(49-18)-1736 Total Funding : $237,222,300 

INTRODUCTION 

Under ERI)A's sponsorship, a demonstration 
plant for producing clean boiler fuels from high- 
sulfur coal is to be designed, constructed, and 
operated by Coalcon Coulpany. an affiliate of 
Union Carbide and Chemical Construction Corn- 

pan.v. T',~ plant must be fully integrated from 
the receipt of coal to deliver5." of a finidlcd 
product, including cleanup of  all waste streams 
and . . . . . . .  ,~_~,~.%'. of  all potential by-products. Coal- 
con is o~amzing financial suppo~ for tile pro- 
gram among pri~'ate companies and public 
agencies. This consortium will pro~ide 50 percent 
cost sharing of the plant cons:ruction, e~-ah~ation. 

5 



I 
PROJECT I FY 74 FY' 75 FY 76 

I 

DEMONSTRATION PLANT 

LEGEND: 

PROCUREMENT 

/ '~BEGINMILESTCNE 

COMPLETE MILESTONE 

O DECI$1ONMILESTONE 

4 
PRELIMINARY 
DESIGN 

.L.7 
FINAL 

A 

• EVENT 

1 RELEASE RFP 
2 PROPOSALS RECE'VED 

TRI 
QR.! FY 77 FY 78 

DESIGN ¶ ~' 

EVALUATION 

t 

,.x 

FY 79 

CONSTRUCTION 

FY 80 

7 
~'IPI" h A't'tON 

3 CONTRACTOR SELECTED 

4 CONTRACTAWARDED 

Figure I-1. CLEAN BOILER FUEL PROGRAM SCHEDULE 

and operation. The government is funding d~sign 
and engineering of the plant. 

The overall objective of this contract is to 
design, construct, and operate this demonstration 
pian~ ~o verify the commercial economics, tech- 
nical scale-up potential, and physical and chem- 
ical feasibility of a process for producing clean 
boiler fuel in a commercial-size, wholly inte~ated 
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 requirements for a plant for 
demonstrating, with minimum risk, the economic 
feasibility of future commercial plants (mini- 
mizmg 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 I11, the construction phase, includes site 
preparation, equipment purchase, construction, 
field erection, and plant acceptance and c!aeck- 
out. in Phase IV, the plant will be operated to 
produce synthetic products and to obtain data 
for evaluating the potential of this process for 
fuil-scale commercial development and produc- 
tion. Figure I-I 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 method for hydrocarbonization, 
which produces both itquid 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 
cyclone 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 
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consists of  a combin:,tion o f  coal de~olatilization 
and hydrogenation of the various conslituents o!" 
the" ~olatile matter. The ; ~rlially converted coal 
r¢~l~in~ :~s char. 

The remainder of  T.he system includes purifica- 
tion and ~cparation o f  ti;e components  into vari- 
ous usclul or waste fractions. Immediately after 
hydrocarboni/at ion,  the product ga~,e~ arc sepa- 
rated from the entrained chat in a cyclone sepa- 
ator. The fractionator removes the heaxy oil and 

. ligh; oil fraction (mostly dec:me, toluene, and 
tnn~ethyl b,:nzene): arnmonia is recovered from 
the ga~ stream by a wash s-.'slem and is sold /or 
tcrtilizcr: I-ydrogen s-tlfide carbon dtoxide, and 
lra.-t, h.~,dro,.,~tOOn~ are removed b 3 an acid~a~ 
rc~;~val s.x's~cm. A.~ a iqnal step. the ,-'as is passed 
lhr,,,:gh a cryogenic system: a liquei~icd petroleum 
ga. t.xt,,.- fuel is rcn:o~cd frown the gas stream, as 
is z h3drogen-rich t'ract~,~n for recycling to the 
h . v d r o ; z r b o n i z a t i o n  reactor. The remaining 
prodt :c l  ts s~'nthesis gas. primaril~ carbon mon- 
oxide- Jnd hydrogen. ',~hic!~ is sent to a methana- 
lion r¢:,czor for ~nrichmcnt to high-Btu pipeline- 
quality d:.~. 

HISTORY OF THE PROJECT 

Work under this contract  began in J anu i~ '  
1975. Tests in support o f  this program axe being 
conducted at Tonawanda.  New York; South 
Charleston, West Virginia; Buffalo Testing Labo- 
ratories in Buffalo, Net '  York;  mad m-hoarse 
laboratories. The Tonawanda miafitest facility is 
directing its ~ork toward conP, rmw, g kinetics and 
yiel.d data for agglomerating high-sulfur bitu- 
minous coals LPittsburgh seam No. 8, lllinois No. 
6. and Kentucky No. 11). The South Charleston 
facility, is being used to evaluate alternative 
meli~ods for deaggiomerating high-~lfttr  bitumi- 
nous coals in the hydrocarbonizaT2on process. At 
the Buffalo Testing Laboratories. the physical 
properties Lviscosity, density, pour point,  heat 
capacity, etc.) o f  the liquid product  are being 
determined: ultimate analysis o f  coal. char, and 
liquid products is being determined; and the 
major groups tphenols, bases, acids, etc.) in the 
liquid product  are being determined. The in-house 
laboratories are performing l~roxirnate analyms of  
coal: determining the bulk and particle densities 
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Figure I-2. HYDROCARBONIZATION PROCESS SCHEMATIC 

7 



and size distributions of  coal and char: calculating 
the simulated boiling-point distributions of prod- 
ucts using data obtained t'rom gas chromatog- 
raphy: determining the heating value of coal. 
char. and liquid products; analyzing gas products 
for major and minor components: and analyzing 
liquid products for major components. Union 
Carbide's computer process simulation system, 

.... PROBE, is also being used to support this 
project, 

During 1975. work on the clean boiler fuel 
demonstration p!ant involved mainly preliminary 
~rocess design and engineering of a commercial 
plant. This effort included a review and evalua- 
tion e f  all hydrocarbonizatien subsystems to 
minimize capital investment and maximize sub- 
~,vstem operabi]ity, flexibility, and reliability. By 
the end of 1975, defim~ and engineering for the 
commercial plant were abot:, completed. A pro- 
cess evaluation report w~s prepared and sub- 
mitred to ERDA. This report includes preliminary. 
data on plant design and provides a basis for  
starting the desi~n of  the demonstration plant. 

W'ork towead establislting the definition and 
design basis for the demonstration plant began 
late in 1975. The plant will be one-fifth the size 
of a commercial-scale plant and will be capable of  
operating on three different types of  coal. Prelim- 
inars, perlormance specifications were issued, and 
work on the overall process design of the demon- 
:irat~on plant, analysis of the three coal types to 
be tested, and development of  process designs o f  
plant subsys:ems were started. New Athens, 
llhnois, was sele,~ted as the site for the ~'.,ant, 
based on economic, technical, and environmental 
studies. To support the demonstration plant 
desi~m effort, tests were planned to resolve design 
problems. 

Emphasis at the various test facilities was on 
desigT:ing, fabricating, and installing necessa~, 
equipment. By the end of the year, the minitest 
facility was nearly completed. The deagglomera- 
lion f.~cihty was completed, and a series of  tests 
was started to determine the minimum amount o f  
noncaking material that must be premixed with 
• ,he feed coal to prevent agglomeration in the 
reactor. Other activities involved: 

• Computer processing-for example, updating 
the process simulation system and writing 
new programs to ease detailed process de- 
sign. preparing functional specifications, and 
evaluating subsystem alternatives. 

• Procurement. 

Reliability and quality assurance, such as ;he 
analysis of  ttlc process and equipment risks 
associated with the demonstration plant and 
studies of  criteri:l for .~lecting materials. 

PROGRESS DURING JANUARY- 
MARCH 1976 

Commercial PLant D~ign 
and Engineering 

Process flow dia.-~-am 
completed, with material 
included for all sections. 

revisions have been 
b:'!ance summaries 

Demonstration Plant Design 
and Engineering 

The pre!iminary design basis for the demons*.ra- 
lion plant is being updated based on information 
obtained from engineering studies, support devel- 
opment programs, and design activities. The pre- 
liminary system process desigr, was developed 
from a design point fl-tat represented the available 
average composition data for Illinois No. 6 coal 
(the pdmaEv 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 o f  
the data. 

Characterization of  the Illinois No. 6 (Herrin), 
western Kentucky No. l l ,  and Pittsburgh seam 
No. 8 coal feedstocks was completed. 

Detail process design for engineering packages 
has begun. Performance specifications, equipment 
lists, and process .flow diagrams were issued for 
the coal handling, preparation, pressttdzation, and 
heating sections. 

En~neering efforts /'or tl~e primary processing 
sections of  the plant focused on completing the 
design point heat and mass balances for hydro- 
carbonization, gas cooling and hydrocarbon sepa- 
ration, ammonia recovery, acid-gas removal, 
cryogenic hydrogen purification, methanation. 
and hydrogen production. These balances were 
revised during the quarter to incorporate ammo- 
nia rejection through decanter wastewater, a 
slight performance modification in the methana- 
lion section, and other minor changes. 
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Work on coal prcsst, rlzat:on i,~cludcd docu- 
me)~ting requircmcnt.~ for this ~ction. an'J, results 
at~d recommendations for the design of a simple 
two-lock-h:)pper system wttl~ single equaiizatmn: 
invcs~tgatir, g the commercial a~;~ilability of hi,h- 
pressure filters and cyclones and high-pressure 
biowers lot dusty gas; m-d de~eloping a mathe- 
matical model of a lean-pha~c, entrained-bed coal 
heating tower and a prcoxidation to~'er. Adsorp- 
tion data for nitrogen in powdered coal were also 
mt:asurcd. Up to 2 ?ercent nitrogen adsorption in 
the coal powder i.~ expected ar coal heater and 
prcoxidiz,:r operating conditions. Because the 
presence of nitrogen co~ld be a probl,.'m, a study 
was started to determine the most effective 
method Ibr desorbing nitrogen from coal before 
reactor injection. 

Work on dexeloping a reactor 6es~gn and pro- 
ccss flow sh,~ezs for the hydrocarbon,  :tion unit 
;,n;'o Nes ev.-Juating: 

• Fast injection based on prior e,~pefi.ence and 
t'htid coker reactor configuration 

• Fast injection into a turbulent bed to 
achieve desired ~t~ar recirculation and in- 
lcrnaI dispersion. 

Q External hot char recirculation with con! in- 
jection into a rceizculation !oop. 

* Preoxidatior, to operaze with any of the 
above configurations. 

Range of al~plicability studies currently in pro- 
~ess  will pro~,zde the information required for 
performance specifications of  both the hydrocar- 
bonization and the cB'ogenic hydrogen purifica- 
tion anits. 

The design Ior gas coolir¢, and hydrocarbon 
separation is being reviewed In the fractionator 
design effort, difficalties associated witil high- 
pressure operation (near critical) and thermal 
effects were experieuced. "i'hercforc. a revised 
design is being invest.igated. 

Preparation of  a preliminary specification on 
ammonia  recovery wa~ started, ar.d arrangements 
arc be:,ng made to subcontract the basic engi- 
neering package. The "'Pi,osam-9~"" process wil! be 
used to extract ammonia frem the decanter 
wastewater. ~The decanter wastewater wilI con- 
rain 99.5 percent of  the ammonia released by the 
hydrocarbonization reaction.) The acid-gas re- 
moval concept has been revised in favor of  simul- 
taneously s:udying sulfinol and co[.4 methanol 

wash systems. A process specification issued for a 
cold methanol wash ~,stem covers an ~.nte~ated 
system to take care of  both the hydrocarbonizer 
circuit and the char gasifier products. Methana- 
tion and water-gas shift equilibrium computations 
were incorporated into the overall process model. 
Performance specificazions and the process flow 
diauam for the methanation unit were reviewed 
with ERDA, revised, and reissued. 

Specifications and requests for bids are being 
generated for the char burning and steam genera- 
tion system. Coalcon intends co procure the en- 
tire basic process engineering as we~ as detailed 
engineering and equipment supply for this 
system. A performance specification is belng pre- 
pared for subcontracting the Claus sulfur remo~'al 
and rccoverj" system, and a work package to 
provide total design of the Aqua Claus system 
gas  negotiated. 

Char ~o l ing  process specifica*hons based on 
quenching the char with organically contaminated 
process wastewater and using the evolved steam 
in the char ~sif ier  were nearly completed. Since 
the approach involves using dirty steam in tile 
char gasifier, the feasibility of  using thi,; system 
depends upon the gasifier selectccL Using this 
metl~od would allow Coaicon to eliminate the 
Phenosolvan, Ptaosam, fluidized-bed char cooling. 
and UNOX wastewater treatment units. This 
approach would simplify wastewater treatment 
requirements, Until the proposed ~ s t e m  car, be 
carefully evaluated, however, design of  the wnste- 
water treatment system is proceeding on the basis 
of  handling organically contaminated water. 

Process flow diagrams for gasification, gas com- 
pression, carbon monoxide conversion, and acid- 
gas removal in the hydrogen production system 
were updated. To assure reliability and availa- 
bility of the total facility, initial work was pred- 
icated on a Koppers-Totzek gasifier. Recent infor- 
m a t i o n  about ti~e Kopper~Totzek gasifieL 
however, compared to a Texaco gasifier indicates 
that *,he latter is best for Coalcon's needs. There- 
lore. Coalcon cuxr.ently is evaluating the risks and 
costs associated with the change from a Koppers- 
Totzek gasifier to a Texaco gasifier. To minimize 
the overall impact o f  a decision to switch to the 
Texaco gasifier. Coaicon is designing a Selexol 
system (required for the Texaco approach) as 
well as tile Sulfinol system for acid-gas removal. 
Simultaneously, Coalcon is investigating file possi- 
bility of  combining the acid-gas removal systems 
of the gas processing and hydrog, en production 

g 



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

Discussions were held wRh vendors to develop 
information on lead times o f  equipment for the 
water treatment system. Preparations are under 
way to  obtain an engineering consultant for the 
water t r~ tmen t  sy~em because o f  the uniq,Je 
water requirements of  the clean boiler reel 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 temp*.ra- 
lure and wet bulb temperature should be com- 
pared economically with an g ° 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 designin.*. ",he diJect-contact aftercooler 
for the o x y ~ n  plant, Coaicon decided not to use 
demineralized water as the cooling medium. 

The preliminary summary covering the feed 
streams of  the demonstra*.ion plant wastewater 
treatment unit is being 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 plant. 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 o f  the 
demonstration plant and a tertiary purification 
step for final treatment of  hydrocarbon-laden 
wastewater; a literature search for various 
methods o f  treating phenol-laden waste streams is 
in progress. 

Facility Support 

Minit~:st Facility 
Construction of  the minitest facility was com- 

pleted and -;nstruments were calibrated. Pressure 
testing of  the facility was also completed, and the 
hot lines and vessels are being insulated. 

The Illinois 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 

have been planned to demonstrate the feasibility 
of feeding 30 pounds of coal per hour in dense- 
phase transport with the fluidized (coder. Coal 
feed rate will be calibrated against pressure drop 
across the coal feed line. The tests will be per- 
formed at preheater temperatur~¢ nf  70* F and 
660 ° F for pressure d~.~s of  4.4, 1.8. and 1 t.2 
atm at a h,,g=ogeTl ~OW rate of  0.3 foot per 
~ecl ,d ~_nd ~.h~ hopper pressure of  35 atm. For 
the tests, coal in the feed hopper is fluidized by 
hydrogen, then transported by additional hy- 
drogen throu-J1 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 ceils to deter- 
mine coal teed rate. Pressure drop is defined as 
the difference between the hydrogen pressure in 
the feeder and that in the char hopper. 

Deagglomeration Te~ Facility 

Using hydrogen as process gas, eight runs (Run 
19 through Run 26) were conducted in the de- 
ag, g, lo.,r.z,n:~on facility to determine the amount 
or  noncakh.~ matedaI that must be premkxed 
with the feed coal to prevent agglomeration in 
the reactor. Runs 19, 20, and 21 were completed 
using one ~,art 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 
agglomerating Pittsburgh coal with Wyodak coal 
car. be processed successfully. 

During a 5-hour run in February, about 60 
pounds of  Wyodak char was produced Ibr an 
extended run  using a 4-to-1 ratio of  Wyodak char 
to Pittsburgh coal. The f'trst attempt at the pro- 
longed run, Run 22, lasted 90 minutes, termi- 
nating when the coal conveying line split and 
released hydrogen into the test cell. When 
attempts to  complete Run 22 were plagued with 
coal- feed sto-:pages, the inner diameter of  the 
coal feed line was increased from 0.082 to 0.t27 
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  31.9 pounds per hour, 
with no apparent caking or agglomeration. A 
stabilized bed composition was achieved during 
the r.est. Several brief feed interruptions occurred 
that may have been caused by minute pressure 
fluctuations combinedwi th  the effect of  a low 
fines content o f  the feed mix, but  they did not 
cause operational upsets. Of the char recovered 
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from the receiver. 55.3 percent was greater than 
60 mesh. whereas none of the" original feed char 
was ,2_rearer than 60 mcsl:. "l'he reactor w:dls attd 
thermowalls were completely free of coke 
buildup. 

Three additional run~ (Run 25 using a 3-to-I 
ratio of Wyodak char to Pittsburgh coal. and 
Runs 24 and 26 using a 2-to-i char-to-coal ratio) 
expener, ced coking and agglomerating problems 
caused by insufficient dilution of the ao~.lom - 
crating Pittsburgh No. 8 coal with inert material. 

Other Technical Support 

Computer Proce~ing 

"l'hc computer proglam for calculating reactor 
thermal balances and computing hydrocarboniza- 
tion heat of reaction at 77 ° F was ,:t~lnpleted a~.d 
citeckcd out. The demonstration plar, t is to be 
designed witl': a capability for hez;.ing reactor 
feeds to provide a thermal balance, even if an 
excess heat inpu~ (similar to that observed for a 
simulated pilot plant run this quarter) is required. 

A data book on d~ermodynamic and physical 
properties was generated by cmnputer. The book 
covers pressure and temperature ranges of interest 
l'or /he 32 compounds used for simulating the 
process system. This computer data book will be 
used for modeling thermal calculations of the 
hydrocarboniza.'ior~, gas cooling and hydrocarbon 
separation, ammonia recover5.', acid-gas removal, 
cr3.'ogc:aic hydrogen purification, m~:thanation. 
and hydrogen production sections of the plant. 

A parametric study is being conducted using 
~hc computer process model to determine the 
effects of  such factors as preoxidation and varia- 
tions in coal composition and process yields on 
the process and equipment performance require- 
ments, The results will be used to generate pro- 
ccss specifications that include the required per- 
formance rangeability for all plant sections 
involved. 

Coal Grinding 

ERDA authorized Coalcon to start a coal 
grinding test program. A sample of Illinois No. 6 
coal, obtained from Peabody Coal Company and 
consisting of run-of-mine coal and washed coal. 
was shipped to Williams Patented Crt, sker Com- 
pany, St. Louis. Missouri. The coal is being tested 
to characterize tl-'-e grinding conditions r~qaired 

to prevent the production of more than 10 per- 
cent --325 mesh coal. Tests made with a roe mill 
pulverizer appeared to produce more fines than 
expected. In an attempt :o control particle size 
distribution, further ~ests were made using a 
hammer rail! puh, erizer. Results of  the tests are 
being evaluated. 

Agglomeration and Devolatilization of Coal 

The degree of a~,lomeration and devolatfliza- 
tion that occurs when coal is heated and held or 
transported at elevated temperatures is being 
determined. Initial emphasis is on establishing the 
aLalomeration tendencies of coal in the feed 
vessels and of  coal fines in the holding vessels, 
cyclones, and pipihg. Tests were designed to pro- 
vide specific data such as v, eight !o~ o f  coal; the 
amount of carbon monoxide, carbon dioxide, 
ammonia, sulfur dioxide, and hydrocarbons m the 
effluent: and the de~ec of agglomeration based 
on screen analysis and visual observation. Oxi- 
dized and unoxidized samples of  each of three 
different types of  coal are to be tested at five 
different temperatures ransting from 570* F to 
750 ° F and pressures of 2 and 35 aim for i: 2. 5. 
10. and 20 mLnutes in. h.vdro~n and nitrogen 
atmospheres. 

Coal Heating 

A coal heating test p.-ogram was appr,~,ed by 
ERDA Lhis quarter. Coalcon currently i~ negoti- 
ating to subcontract the work. The test is to 
cover all process parameters believed to influence 
heat transfer fouling in a tube heat exchmager 
handF.ng a hot gas that contains fine coal solids. 

Reactor Heat Balance 

Co-,icon received verbal authorizatien from 
ERDA to 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 hydrocarbonization of  Illinois 
No. 6 coal will be used to process the experi- 
ment',d data and heat of combustion data that 
IGT is generating from Illinois No. 6 coal a~.d 
char. 

Lock Hopper Valve Develo,oment 

.~reliminary design of a valve test facility is 
under way. The present concept features several 
test legs in parallel, pressurization of  individual 
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test articles, heating of  individual test articles to 
demonstration plant temperatures, and dense- 
pha:,e fluidiz.ed recycle of  the test medium. Pre- 
liminary design data will include physical size of  
the test rig, services required, ~perating cost esti- 
mates, 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 

A~ part o f  the wastewater treatment test pro- 
gram. laboratory studies ~ being conducted to 
determine how easily the water can be treated. 
Characterization of  wastewater sampies taken 
from the dcagglomeration facility is nearing 
completion. 

Program Management 
A proposed plot plan for zhe New Athens site 

was prepared, illustrating the probable location o f  
the demonstration plant, the future expansion to 
a commercial facility, the ash pond tbr the 
dernonstratlon plant, and the ri~o_hts-of-way tbr 
the access road and rail line. The ash pond, de- 
signed to serve demonstration plant operations 
for I0  years. ~as designated on the plant !ayout 
with provision~ for expansion, and the amount o f  
o~,crflow from the ash pond was estimated. 
Approval of  proposed road and rail access to the 
plant is being sought from railroad and locaI 
authorities. 

Work on property acquisition is continuing. 
The preliminary overall plant ¢iz~ was established, 
indicating that additional land is required at the 
demonstration plant site. Peabody Coal Company 
is to provide an additional drawing that will show 
rn~imum western and southern limits available 
for the plant. The real estate report has been 
submitted to  ERDA. 

Demonstration plant cost estimates are being 
prepared, hti:ial drafts of  tl;e configuration man- 
agement plan were prepared. With a revised pro- 
gram plan identified, Coalcon has developed a 
data m m a ~ m e n t  system consistent with chemical 
industry practices to obtain and store vendor in- 
formation that will be generaled after procure- 
meat of  equipment and systems. This vendor 

information is critical to the design of the facility 
and w,.'ll be stored in the data control center that 
has been established for total co,ltrol and re- 
trieval of data and documents. 

Formal subcontracts were processed for envi- 
ronmental analysis and soil investigation and for a 
topoffaphic survey o f  the plant site. Existing and 
proposed ~tandards that apply to coke and power 
plants were reviewed, and suggestions tbr clarifi- 
cation of Illinois standards were made. Tile EPA 
was contacted to obtain information on proposed 
levels of ammonia, carbonyi sulfide, and carbon 
di.~ulfide. An environmental protection 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 personnel established 
and updated the av~lability apportionment re- 
quirements for each section of the demonstration 
plant; subdivided the apportionment for the 
hydrogen production system because of  the 
separate specification and procurement required 
for the char gasifier, carbon monoxide shift, car- 
bun dioxide removal, and hydrogen compression 
units: and requested information concerning 
equipment reliability and maintainability from 
potential contractors o f  the various sections. 

Among other activities. Coalcon reviewed per- 
lbrmance specifications and process flow diagrams 
t'or the demonstration plant and investigated the 
reliability and quality of  Koppers-Totzek .and 
alternative hydrogen generation processes. Partici- 
pation in the development o f  the design concept 
for the char burning and steam generation system 
included consideration of  alternate configurations 
,"or furnaces and boilers. Vendors of ctlar- and 
coal-burning furnaces are being contacted lbr 
information related to on-stream availability. 
Vendors were also contacted for inlbrmation on 
tile suitability of  materials for heating hydrogen 
at about 42 to 49 arm: a study was completed 
that recommended the use of  lncoloy 802 at 
operating temperatures up to 1,600 ° F. 
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Ii. DEVELOPMENT OF COAL FEEDERS FOR COAL 
GASIFICATION OPERATIONS 

FOSTER-MILLER ASSOCIATES, INC. 

WALTHAM, MASSACHUSETTS 

Contract No. E(49-18)-1793 Total Funding : $799,545 

INTRODUCTION PROGRAM DESCRIPTION 

(.',::~1 ."coders for coal gasification plants are to 
r,c c ' , e l . , pcd  throt ,gh the pilot plant stage by 
t ' , , , t .  ~-Xlilier Associates.  Inc.. under ERDA spon- 
,o - ,  ,. ihe project  recognizes th:,t the coal 
Iced i~ one c l emen t  common to all gasif icat ion 
i, ~, - , e x .  H o t  ever. no s.vstcm available now can 
ha>~., the quant i t i es  of  coal tabour 1.000 tons  
per hotlr) that will be used m commercial  pro- 
tosses. The.,e processes require l!le injccl ion o f  
coal. crusiwd to I ,8  inch and less. from at; 
atn~osphcric-prcssurc hopl:er  into a gasitqcr, where 
pressure may be as high as IO0 a;m. 

Feed methods  being used in pilot and demon-  
stration plants depend  on the coal size and gas- 
filer prcssttre. Low-prc~t~rc ~m~ts use lock 
hoppers ~which must b¢ operated at low temtx:ra-  
tures) with batch feeding of  the coal. Slurry-feed 
tcchnique.~ u.md in high-prc~urc gasifiers need 
energy to  vaporize the liquid umd to t r anspor t  
the coal. Both these techniques are ineff icient .  
but  can be to le ra ted  in small-scale gasilqcrs. It 
w i l l  ho~.cver, be necessary to develop a tech- 
nique to provide a cont inuous,  high-pressure I low 
o f  coal to commercial- .~alc  ttni~., at reasonable 
eft'icier;tics and costs. 

The project to develop coal feeders, started 
during Ma.v 1975. has three phases: it is to be 
completed by Ma.v 1977. By the end o f  1975. 
the initial pha.~" o f  thi., project ,  coal feeder con- 
cept stud.~. ~ a s  about  comple ted .  This effort  in- 
cluded the prepara t ion  o f  a list of  coal feeder 
requirements and an evaluation o f  existing 
feeders. The results show that there is no suitable 
dry' coal feeder available that  can Ol',erate v,'ith a 
~s i f i e r  pressure o f  o~'er 20 ;*tin. Hot,  ever. based 
on literature, patent  r e v i e t s ,  and consultation.- 
with manufacturers,  four  feeder concepts coal 
plug feeder, centr ifugal  feeder,  positive displace- 
ment feeder, and conveyor  feeder--were selected 
for further s tudy in the  second phase o f  this 
project. 

In Phas~ il .  s tar ted late in 1975. critical com- 
ponents of  the  feeders  .~lected in Pha~  1 are 
being tested in the labora tory .  The four different  
laboratory-scale feeders f i l l  be built .  :hen tested 
for about 2 monti ls .  The.~ tests gi l l  be con- 
ducted to de te rmine  hm~ accurately the equip- 
ment  ct~ntrols the f ' ow o f  coal.  and thet i~er  it 
maintains s tabi t i t ' . . ' . . reals  effectivel~ against t:,,.c 
gasifier pressure, ope ra tes  economicall.~ ia ", 'rms 
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of equipment life and power requirements, and 
delivers coal having the desired characteristics to 
the gasilier. D-~ta from laborato~' research will be 
used to design feeders compatible with existing 
and projected pilot plant operations. The report 
on feeder e~aluation, developgd in Phase 1. will 
be updated to include feeder performance, appli- 
cation range, projected capital and operational 
costs, and development risk. Recommendatior~s 
will be made to ERDA for furdaer de~'elopment 
of promising feeder concepts. 

During Phase III. feeder concepts that have a 
strong probability of being feasible on a com- 
mercial scale will be designed, built, inszalled, and 
operated m 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 te~t procedures, and operation and 
maintenance mar:uals. 

A fourth phase ~not part o f  this contract). 
using the results of pilot plant testing, will likely 
include the development, design, fabrication, and 
deliver, to ERDA of  coal feeders compatible 
with demonstration plants. Feed rotes in this 
phaSe should be 50 tons or more an hour. 

PROGRESS DURING JANUARY- 
MARCH 1976 

Coal Feeder Concept Study 

The  Phase I program effort was concluded with 
corni~letion 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 o f  the laboratory-scale coal 
plug and positive displacement feeders were com- 
pleted. Component testing is proceeding on the 
coal plug feeder, centrifugal feeder, and positive 
displacement feeder concepts. 

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 a compacted coal plug as a pressure seal were 

encoura~ng. Leakage rates for coal plugs formed 
and ted against backpressures exceeding 68 atm 
were subs~.aittia'ly less than vent losses from a 
du~ lock hopper Wstem. Additional objectives of  
the coal plug feeder tests are to minimize the 
power x'equirements of  a plug feeder and optimize 
coal feeder passage geometry. 

Component testing of the coal p!ug has in- 
cluded feeding of coal compacted to 1.020 arm 
against a backpressure of about 70 arm. Attempts 
to lower the high compaction pressures of  the 
straight section feeder have been limited by fri:- 
lion threes that raise the pressure requircd to 
move the plug Therefore. expanding t.tpcr feeder 
sections are being ~ested: these tapered sections 
decrease th.  ~ t'riction forces that must be over- 
come in plug feeding and. simultaneously, provide 
a check-valve effect to prevent backward move- 
merit (blow-out) of  the coal plug. To date. coal 
at a compaction pressure of 545 to 081 arm has 
been fed against a 35-arm backpressure in tests 
with the tapered sections. Feeding also has been 
accomplished at backpressures up to about 70 
arm. but stability problems were encountered. 

Assembly o f  the zero pressure differential cen- 
trifugal feeder model was completed. The design 
of tile model was modified to accommodate feed 
against small pressure differentials (to about 2 
arm). This model will be used to investigate coal 
flow from a supply point to the feeder eye. 
transition flow from the feeder eye into the 
feeder sprues, and coal flow in the feeder sprues. 
In preliminary testing, the unit fed unilbrmly 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 a bi-stahle 
feeder flow condition exists: a high-rate st.reaming 
flow condition in which the feeder sprue is oni'..' 
partially f'dled 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 feeder always operates in 
the choked outlet  mode were identified. 

A Megat=ch 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 
peripheral equipment necessary for testing the 
unit was designed and partially fabricated. The 
unit, operating without peripherals, has conveyed 
hand-fed coal. 
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Limited testing was conducted to evaluate the 
dynami~ ,sealing potential of a twin-screw' feeder 
concep t .  Results to date have not been 
encouraging. 

The components, drawings, and background 
data for a cold feeder test loop. designed by 
Petrocarb. inc., for a previous feeder development 
program at Bituminous Coal Rese~ch, Inc. 
I BCR). were received in Januar3". Foster-Miller 
personnel met 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 %~.ill bc shortened 
substantially. 

The basic layout for the feeder test loop was 
completed. The layout and a parts list were s u b  
mitte£ to ERDA for approval to procure equip- 
ment. Detail design of  Foster-Miller modifications 
to the BCR test loop is continuing, and bids arc 
being sought. The basic test loop is a batch 
system that v,-il~ aUow feeder operation for 10 to 
15 minutes; the next stage of development will 
include additions to provide for continuous 
feeder operation at rates up to 5 tons per hour. 

A study is being conducted to determine if 
technology within tk. ° . briquetting industry, is 
relevant to the Foster-Miller coal plug feeder 
development effort. Efforts to date have revealed 
no significant potential for technology transfer. 
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I I I .  DEVELOPMENT OF A CONTINUObS DRY COAL 
SCREW FEEDER 

INGERSOLL-RAND RESEARCH, INC. 

PRINCETON, NEW JERSEY 

Contract No. E(49-18)-1794 Total Funding: $1,043,719 

INTRODUCTION 

A continuou~ d~" coal screw feeder is being 
developed Ibr compatibilit~ with existing and 
projected pilot plant operations by h,gersolt-Rand 
Research. Inc.. under the auspices of ERDA. 
Ultimatcl.v. Ingersoll-Rand is to recommend coal 
feed injector equipment that will be compatible 
with projected demonstration plant requirements. 
]-he en_~neering and economic feasibility of the 
candidate coal feed injector will be evaluated 
throughout the development. A successful con- 
tinuotzs dr3.' coal feeder could be used widely in. 
for instance, gasification plants that produce high- 
BIu pipclinc-q,:ality gas or low-Btu gas that 
~ouid supply combined-cycle electric power 
generation stations, and in gasifiers used to 
~tlpplv hydrogen lc,r coal liquefaction planr~. 

PROGRAM DESCRIPTION 

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

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

Work on Phase 1. coal feeder concept study. 
during 1975 included a deter~nination of coal 
feeder requirements imposed by several coal gas- 
il'ication proteges being considered for future 
commercial operation and the ,.,stablislunent of 
optimum conditions for a con feeder system. A 
stu':ey of manufacturers showed that no com- 
mercial equipment now available is suitable to u~e 
for coal deliver" at the high pressures and tem- 
peratures of h~ture gasification systems. As a 
result of :' linfited patent search, however, two 
concepts involving the use of  piston feeders were 
found: these might be adaptable  to the deliveD" 
of coal to gesifiers. Conceptual designs of two 
adz,.ptations of piston feeders were prepared 
during 1975. 

To compare the s.vstems being evaluated, tech- 
nical and economic criteria were established. A 
comparison of the operating costs o f  existing coal 
feed techniques {lock hopper and slttrr3.' pump) 
with those o1" the dry coal screw feeder and 
piston feeders indicated that the latter was an 
acceptable technique for coal delivery, to high- 
pressure gasifiers. 
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In Phase 11. critical components of  the equip- 
ment selected in Phase I are being tested, and 
two laborator2,.,-scale, coal feeder p ro to types -one  
using a Negri-Bossi V-I 2 injection molding 
machine and the other using an IMPCO 1500 
machine-are being designed, fabricated, and 
tested. Among the characteristics to be studied 
are feeder stability and controllability, seal et'fec- 
t,xeness, coal metering accuracy, life expectancy 
of cri:ical compone:,ts,  mechanical power require- 
ments, and methods for reducing the feed coal to 
z size compatible with process requirements. The 
data resulting f.~om laborator3." tests will be used 
to de s i~  feeders compatible with existing and 
projected pilot plant operations. Recommenda- 
t=ons will be made to ERDA for further develop- 
ment o f  promising screw feeder concepts. 

Phase ill ~ill involve the instadation and oper- 
ation of  the IMPCO ~rew feeder in a pilot plant 
selected b'.. ERDA. Feed rates during this phase 
will range from 0.5 to 5 tons an hour. A report 
will also be written, and will include design speci- 
fications, installation drawings for the selected 
pilot plant, assembly procedure, installation and 
functional test procedures, and an operation and 
maintenance 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 an engineering design of  equip- 
ment sized for a demonstration plant. 

A fourth phase (,not part of this contract). 
u~ing the results of  pilot plant testing, will 
probably include the development, design, fabri- 
cation, and delive D' to ERDA of  coal feeders 
compatible with demonstration plant require- 
ments. Feed rotes in this phase will be 50 tons or 
more an hour. 

PROGRESS DURING JANUARY- 
MARCH 1976 

Coal Feeder Concept Study 

During the Frost quarter o f  1976. a third new 
concept for coal feed to high-pressure gasi.qers-a 
rotary-valve piston feeder-was identified. (Two 
concepts were identified and described in the 
previous quarter: a sin~e-acting piston feeder and 
a double-acting piston feeder.) The rotary-valve 
piston feeder uses a hollow cylinder, situated in a 
cylindrical l~d.v, which is perforated at one end 
to admit coal to be delivered. The cylinder is 

restrained from axial motion and is caused to 
rotate on its axis by a rotary actuator to fill and 
deliver coal alternately. Coal falls by gravity from 
a hopper and through the perforated wall into 
the zone bounded by the v,'alls and end of  the 
hollow cylinder and the :"ace of  the piston posi- 
tioned within the hollow cylinder. Gasifier pres- 
sure is sealed by stationatT seals arot:nd the ports 
to prevent blowback through the hopp,.'r. 1"o de- 

'liver coal. the cylinder is rotated 180 degree," 
Following delivery, hydraulic pressure translates 
the piston into the cavity previously charged with 
coal to expel the pressurized ga~ back into the 
~sif ier  without loss. The cycle is completed by 
simultaneous retraction of  the piston and rotation 
of  the hollow cylinder back to the fill position. 
Power is required for rotation of the cylinder and 
linear actuation of the piston. 

The operating cost for the rotary-val~e pist,.~,: 
feeder was established. The c~mp:trati~., operati;:g 
cost analyses performed prc~,,,-.~l~ f-.~r e~:istin- 
teed s.~stelns and ~lle sc~erai : ,. =~cpt, were 
refined and the method of  al:a]' - - ,v:, cs|-a.xdcd. 
The operating costs indicalc "~'.at the pi-.ton 
feeder is an attractive technique f,,r ~'oa] ,.~'h~'cr2, ." 
to high-pressure gasifie.rs'. 

A comparative evaluation of ~'oal ."coder 
s~.'stems was completed, using the te,'htlical and 
economic criteria established during the fourlh 
quarter of  1975. Existing coal feed ~'stems (lock 
hoppers and slurry pumps) were compared quali- 
tatively and quantitatively, when possible, with 
new teed system concepts (the single-acting. 
double-acting and rotax3.'-valve piston f~cd,:r:~ and 
a screw feeder). The evaluation indicated tha; the 
piston feeders as a class seem to offer adtantages 
over the lock hopper and slur~" pump methods 
of feeding coal to high-pressure gasifiers. The 
screw feeder concet~t, although not as dramatic. 
also shows advantages o*er existing methods. A 
proposal is to be submitted for further e,'aluation 
of the piston feeder concepts. 

A report documenting the efforts and results 
of the Phase I 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- 
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slruclio:~ o f  the tc~t facility liar the IMPCO and 
NeD'i-Bos.~i dr3. cvral ~crcw l'eeder~ ~i th in  an ex- 
i.~tmg Quon.,~..t building at ingersoll-Rand. With 
ERDA'~ approval ,  ctan~truction began in March 
and i~ proceeding as sd ledulcd ,  with complet ion  
¢.,~pectcd in April  1976. 

A l unctional test o f  lhe Negri-Bossi V-12 screw 
feeder wa~ conduc ted  sati~factoril.v at ln -e rml l -  
Rand'x Plastic . 'qadfincry Division in Nashua. New 
llamp.~hirc, before it ~as  shipped to !ngersoll- 
Ralld'a Ne'w Jer~c.~ la~illl.v. l h e  la~ot,t that will 
bc u~.'d for ~tud.~ing modif icat ions,  al ternate de- 
yig]l approachc~, etc. .  ~an complc led .  

Prepar-allon~ for the initial test operat ions  con- 
l:l;ucd, t ' .qtlipnlent stzc!l as the solenoids. ~heck 
~ive~. regulator,  111ctb:anc monitor ,  muffler, p rey  
sure gaugc~, piping, and hoses ~erc mounted  on 
'he  in_,trumentation panel. Operat i tm of  each icst 
co:nponcnt  ,aas verified. Fhc p rocure  vessel 
capacity was t: ,crca.~d b.~ St., percent.  The sie~e 
xhaker opera t ion  ~va~ checked out  and high- 
~olatil¢ ct~al rccc,~ed from West Virgania was 
.~izcd up to 32 me.q1: arrangcmcnt~ arc being 
made io procure and ~ize different types of  coal. 
Manuthcturing dra~'ing.s o f  al ternate screw designs 
**ere comple ted ,  and fabrication ~as  started. 

The IMPCO .~crc~ feeder and all long-lead-l ime 
items ~t~ch as the explos ion-proof  motor  have 
been ordered.  The necessary modification in the 

hydraulic and electric, al engineering area is ?f9 
percen: completed,  including safety requircmen:s  
for opera t ion  in a coal dust  envzronment. 
Mechanical engineer:,ng work has begun. 

Preiimina_r3' design and ent,dneering of  the 
IMI~r20 screw feeder test system were started.  
'Problem areas, such as the coal  receiver, coal 
disposal, and safety during testing, ~eere iden- 
ufied, and various a i temat ives  are being consid- 
ered to ~oive the problems,  Defini t ion of  prelimi- 
nary requirements  for the coal receiver included: 

• A coal I]o~ rate of  1 to 5 tons  per hour. 
• A pressure rating of  abou', 100 arm. 
• U~e'of n i t r o ~ n  as the  pressurization gas. 
• Adapta t ion  to the inject ion assembly of  the 

IMPCO .~crew feeder. 
• Seals al the receiver/screw discharge inter- 

face lhal are capable o f  withstanding tem- 
peratures as hx,2-2~ as 500 ° F. 

• A discharge por t  capable o f  opening quickly 
for removal o f  pumped  coal. 

• A capabil i ty for retractabilit .v from the m- 
3cotton assembly for  inspect ion and ~.-rvice. 

A primaD' considerat ion in tile design of tile coal 
receiver is the establishl~ent  o f  a method for 
removing pumped coal with minima] pressuriza- 
tion gas loss and downt ime.  S e , e r ~  concepts  are 
bcmg examined with empimsis  on reliabili ty,  com- 
plexit.~, design and en~nce."ing effort  ,equired.  
and initial and operat ing costs. 
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rJl I ~ ! 1 ~  t ~ " - "  IV. COAL FEEDER PROGRAM 

LOCKHEED M!SS!LES AND SPACE COMPANY, INC. 

SUNNYVALE, CALIFORNIA 

Contract No. E(49-18)-1792 Total Funding: $108,186 

INTRODUCTION 

Lockheed Missiles and Space Company. Inc.. a 
subsidiary, of Lc, ckheed Aircraft Corporation. is 
conducting a coal feeder development program 
under ERDA'~ auspices. There is a need for this 
effort because lock hopper or slurr2.." concepts for 
coal feeding are inadequate with respect to pres- 
surization power losses, efficiency, maintenance. 
~er.'icc life. feed rates, and capital investment 
requirements. Because the feeder system is a criti- 
c,d component o f  a coal conversion plant t.affecting 
equipment and maintenance costs, plant eft~ciency. 
and down time), an improved coal feeder for all 
processes using pulverized dD" coal at reactor pres- 
sures up to 100 arm must be developed. 

PROGRAM DESCRIPTION 

Work under this program to develop improved 
methods for continuously 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 
• ~ystcms were identified through a literature 

survey and patent search. Four systems were con- 
sidered to be reasonable candidates for further 
development: fluid-dynamic k~ck. kinetic e\-  
truder, ejector, and ball conve.xcr. Fhese ~.x,: .:.~ 
apparently offer potential technical adve,.: . .-- 
over lock hoppers and slurr2,." systems alld = ,  
economically competitive. The fundamen;.al !.r,.. 
lem areas of  tl:esc I't~ur candidate ~Tstem-, wcr~ 
assessed, and techniques were defined for studx- 
ing and resolving these problems in Pnase 1i of  
this pro~'am. 

Initiation of Phase il. laboratorb,-scale feeder 
development, was attthori_~.ed in December 1975. 
In Pha.~ 11. Lockheed will conduct laboratory 
tests o f  critical components o f  the equipment 
selected in Phase !. Target specifications for the 
desig.n are Iced rates of 0.5 to 1 ton an hour. 
pressures of  6.8 to 100 arm. feedstock sizes of  
fine to 1/8 inch. and temperatures as determined 
in Phase I. In addi'.ion, coal feeder prototypes 
will be designed, fabricated, and tested for stabil- 
ity and controllability, seal effectiveness, coal 
metering accuracy, life expectancy o f .  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 de~,elupment of promising 
feeder concepts. 
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During Phase Ill, feeder concepts having a 
strong probability of  being commercially feasible 
will be designed, fabricated, and operated in 
existing and projected pilot 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 speeifica- 
!ion,. assembly and detail drawings, assemb~.y pro- 
cedures, installation and functional test proce- 
d:tres, and operation and maintenance manuals. 
lhe  data obtained in the pilot plant tests will be 
:~,'.alyzcd. and u final report including engineering 
desigu of  equipment t'or a demonstration plant 
~slll be r, reparcd. 

A l'otlrth phase (not part of this contract), 
using the results of  pilot plant testing, is envi- 
sioned to include "te'~elopment. design, t'abrica- 
lion. and delixery to ERDA of coal t\~eders 
co~7~patible with demonstration plants. Feed rates 
in this phase likely will be 50 tons or more an 
hour. 

FROGRESS DURING ,.IANUARY- 
MARCH 1976 

Coal Feeder Concept Study 

The Phase 1 fin."! report was completed, re- 
:qewed by ERDA. and approved t'or release.. 

Labora¢ory-Scale Coal Feeder 
Development 

Four coat feeder systems are being studied in 
Phase 11: t]uid-dyn~mic lock. kinetic extruder. 
ball conveyor, and ejector. (Lockheed had indi- 
:ated previously that an injector, rather than an 
ejector, would be studied. Further analysis of  the 
injector late in the fourth quarter of  1975 indi- 
cated, however, that it was not a reasonable can- 
didate because of  its high energy requirements.) 

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

• Laboratory tests, using simple bench-scale 
equipment, to answer questions pertinent to 
equipment design. 

• Supporting anaIysis provided by mathe- 
matical models developed for optimizing 
equipment design, projecting operating effi- 
ciency, and updating economic data gener- 
ated during Phase I. 

e Design of  test equipment. 
• Fabrication, including procurement of  mate- 

rials. 
• Installation of test equipment followed by 

testing as outlir.-efl in tim test plan and data 
reduction and analysis. 

• Documentation. 
• Design. procurewent, and installation of  

equipment for tht :est loop facility. 
• Assurance tl',;:t hardware is manufactured to 

applicabie sp,.'cifications anti that all opera- 
tions m:d specil'icatio~s adhere to safety 
requirements. 

Sche'!ules for the Phase 11 program were re- 
vised ;~ accelerate hardware de.,ign and procure- 
ment ,~; the test !rogram can begin in August 
rather than October ! 976. 

~: Lockheed selected a design for an ejector Zhat 
should transfer coal from atmospimric pressure to 
a reservoir at abou~ 2.5 atm. at a maximum rate 
~)l" about 720 pounds per hour. The analysis pre- 
dicts that a primary.." air suppJy of  about 380 
potmds per hour at 5 atm is required to drive the 
ejector at maximt,m efficiency. To simpliG, the 
coal-air entrance 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  gas--.;olid mixtures were done during the quar- 
ter to assist planning for additional laboratory 
hardware and tests and to provide an initial cor- 
relation witl~ literature results. Dense-phase flow 
from a bed (with an internal diameter of  3.77 
inches) of sod;.um chloride fluidized with air was 
established t h r o u ~  a flexible neoprene tube 
(22.5 by 0.128 irlches) by pressurizing the fluid- 
ized bed slightly to establish a pressure difference 
across the teed tube. A funnel-shaped flare on the 
feed tube inlet was used to decoupte the feed 
tube inlet from the bubble phase in the fluidized 
bed. A steady salt flow rate of  about 50 pounds 
per hour was achieved with a feed tube pressure 
difference of about !.24 atm. The feed rate 
changed very. little during large variations in bed 
height and fluidizing gas velocity. The experi- 
mental data, coupled with conclusions reached by 
other investigations, suggest 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 teed 
tube. Additional tests are planned to: 

o Calibrate the dense-phase feed and transeer 
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- 
izing gas flow rate, solid-particle-size distri- 
bution, and gauge pressure drop. 

• Determine ejector pe~fformance with g~-gas 
singie-Fhase operation. 

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

9et~ilcd designs of components were com- 
.~teted for laboratory -nvestigation of  dense-phase 
pneumatic transport of  pulverized coal and the 
ejector or jet-pump concept for dry coal pressure 
feeding. Hardware is being procured. Installation 
of equipment for solids transport studies was 
completed, and check-out runs with inert solids 
were started. Fabrication of maclained parts for 
the ejector ~nixing and diffuser section is behind 
schedule. 

Two types of  ball conveyor tests are planned: 
* Static tests designed to observe the flow e f  

gases through a column of packed spheres 
and coal to determine the coal-bed charzc- 
teristics. The variables to be investigated are 
coal-bed packing density, diametral clear- 
ance. and pressure drop acror;s the bed. 

• Dynamic tests designed to observe the be- 
havior of the column while moving at the 
expected velocity. Coal-bed properties, diam- 
etral clearance, and column velocity are to 
be investig.~ted. The force on the piston will 
be determined to permit calculation of fric- 
tional forces. 

Fabrication and proc,~rement of  parts for ~he 
ball conveyor laboratory equipment are nearly 
completed. Assembly of the test setup is also 
nearing completion, instrumentation for both the 
static and the dynamic tests has been completed. 
and the first tests with coal are scheduled for 
~pril 1976. 

Supporting analysis efforts involved work on 
all four feeder system concepts: 

• The theoretical model of the ejector mixing 
s~ction was reformulated to eliminate an 
arbitrary, temperature ratio selection problem. 
The first test rotor for the kinetic extruder 
was designed. Contacts with workers active 
in the field of  particle flow dynamics have 
not yielded information beyond that already 
considered in development of the existing 
kinetic extruder flow model. 

• Development, codir:g, and debugging of  the 
standpipe ball conveyor model wen: com- 
pleted. Basic inputs to the model 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 between each bed that is 
blown (channeled). Model runs made to date 
indicate that, if channeling occurs, flow 
threugh the channels accounts tor 90 to 
99.5 percent of the net gas leakage. If the 
standpipe pressure ~adient  is approximately 
uniform as required, gas leakage is fairly 
significant. To minimize leakage: a distribu- 
tion with a small pressare drop near the top 
of the pipe is needed: controlled gas flow 
can provide this small pressure drop. 

• Work on the model o f  the firid-dynamic 
lock has been subcontracted. The effort 
involves development of  a mathematical 
model to describe two-phase flow through a 
bladeless radial flow compressor. 

Design work during the quarter l'c.t,.,cd on the 
rotor drive system for both the kin~z:.c extruder 
and the fluid-dynamiz lock. The Oesign will be 
released on a component basis so ~hat matena! 
procure:nent and manufacturing can be started. 

The test loop facility will be located in r~u,d- 
ing i50 of the Lockheed platlt in Sunn.~:fic. 
Calitornia. L~youts were prepared for equip.,n~.nt 
ideation ,and preliminary, sizing. Tank su;~pora 
structures are being designed. Plans for 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 
sea.is, bearings, and valves were contacted to 
determine .~vailability of  equipment. Considera- 
tion is being given to using existing components. 
if applicable: for example, an existing air turbine 
capable of  delivering 35 horsepower at 20,0tJO 
rpm could power initial tests of tile fluid-dynamic 
lock and the kinetic extruder. 

Product assurance and safety efforts were de- 
voted to review of  plans, designs, and facility 
layouts. A preliminary analysis 6f  haz.~rds was 
prepared to establish safe test setups and opera- 
tional procedures. The hall conveyor test equip- 
ment and proposed ope~t ing  procedures were 
also reviewed. 

23 



V. ENGINEERING AND TECHNICAL SUPPORT 

HUNTSVILLE DIV1SION 

U.S. ARMY CORPS OF ENGINEERS 

HUNTSVILLE, ALABAMA 

Contract No. E(49-18)-1759 Funded by lndividua! Task 

INTRODUCTION 

Under an intemgency agreemei~t 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 demonstration plant 
design 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 en~needng forces to provide technical 
services for facility design, con.~truction, and re- 
lated support as requested by ERDA. Demonstra- 
tion plant assistance requests are made in the 
form of task assignment letters describing the 

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 requested ERDA 
inputs, directions, or approvals. ERDA is billed 
by the responsible field operating agency for 
actual expenses incurred montlfly. 

PROGRAM DESCRIPTION 

Under the current task letter, the Corps of 
Engineers is supporting ERDA in advance plan- 
ning for several demonstration plants and prelimi- 
nary engineering for the clean boiler fuel demon- 
stration plant (see Sect.~on I). The scope of 
services requested is: 

Advmwe Planning 
• Help prepare requests for proposals (RFP) 

for new demonstration plants. 
• Take part in reviewing and evaluating pro- 

posals received in response to the RFPs. 
• Perform special studies, such as specific 

concept designs, relating to design and 
construction on a task basis. 

Preliminao' Engineering 
• Review and/or prepare design criteria. 
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• Review preliminaD' engineering designs. 
• Review and validate cost estimates and 

schedules. 
• Review and/or assist in developing envi- 

renment-al impact statements. 
• Review the results of site investigations 

and evaluations done by contractors. 
• Assist the development of  reliability and 

quality assurance plans, configuration 
management plans, and computer pro- 
gamming  Ibm" resource management. 

The Corps of  Engineers was also asked to procure 
long-Icad-time items for the Coalcon clean boiler 
fuel demonstration plant. The Hunt~wille Division 
was designated as the field operating agency re- 
sponsible for these tasks. 

PROGRESS DURING JANUARY- 
MARCH 1976 

Planning 
A detailed cost estimate was prepared for the 

revised scope o f  work tbr the clean boiler fuel 
demonstration plant, which is to convert 2.500 
tons of high-sulfur coal per day to clean liquid 
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 o f  the estimate with ERDA. RFPs for 
survey, soft, and topographic work t'or the 
Coalcon plant were also reviewed. 

Activities related to the synthetic pipeline gas 
demonsra'ation plant that will convert high-sulfur 
coal to clean high-Btu pipeline-quality gas in- 
cluded helping ERDA prepare a project manage- 
merit plan describing ERDA management o f  the 

program and relationships of ERDA. other 
government agcrcies, and the contractor(s), Pre- 
liminary evaluations o f  technical proposals for the 
synthetic pipeline gas demonstration plant were 
completed by the technical advisory, committee. 
qu.estions were prepared and sent to the offerors. 
and oral presentations by the olTerors were held. 
Preliminar), evaluations of  economic assessment 
and work breakdown proposals were completed. 
Cost estimates for each proposal were prepared 
and submitted to ERDA. 

The Corps of  Engineers participated in a final 
meeting to review and incorporate comments into 
the final draft of  the RFP and model contract fur 
a fuel gas demonstration plant that will convert 
high-sulfur coal or l_;:y:aite into a clean low-Btu 
fuel gas. Other acti~rics during the quarter in- 
cluded participation ia a preproposal meeting at 
ERDA ann ~.~ a ~.~ee,..,ng at Mound Laboratory. 
Miamisburg. Ohio. to review the scope ol" the 
eftbrt and establish operational facilities for the 
project. 

Engineering 

The Corps of  Engineers, ERDA. and Coaicon 
met to review ~he completed design packages for 
the clean boiler fuel demonstration plant. Package 
content was defined and schedules estabP.shed. 
ERDA and Coalcon responded favorably to the 
level of review o f  detailed design proposed by the 
Corps of  Engineers. During the quarter, review 
conferences on process flow sheets for five pro- 
cess systems were conducted. Also. the Corps of  
En~neers reviewed the Coalcon configuration 
management plan and reliability and quality 
assurance plan, participated in the Coalcon quar- 
terly review, and participated in a task ft,rcc 
meeting on environmental impact statements. 
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VI. TECHNICAL ASSISTANCE SERVICES 

THE RALPH M. PARSONS COMPANY 

PASADENA, CALIFORNIA 

Contract No. E(49-18)-1775 Total Funding: $2,cu90,892 

INTRODUCT|ON 

The Ralph M. Parsons Company is providing 
technical amistancc sereices to ERDA with the 
objective of  developing and dcmonstratin~ prac- 
tical pro~cs.scs for producing liq,,id and solid fuels 
t'rom coal. Under this program, started ;.n 1972 
and updated in 1974. Parsons is: 

• D¢~clopin~ conceptual designs and ecolxomic 
cv.~lu.'-'tions for commercial plants. 

• Esaluating pilot plant performance and other 
experimental opt:rations. 

• E~aluatin~ unit operations and processes for 
possible applications in coal processing, in- 

cludin~ design and construction of pilot 
plants. 

• Evaluating proposals for new work and for 
changes in ongoin~ work. 

The development of commercial design con- 
cepts and technic-I evaluations in~'olve: 

• Review of chemical, mechanical, and mate- 
rial problems associated with the design of 
l~e pianos and equipmcnL 

• Identification or problems in sizing, safety 
factors, and instrumentation o£ equipment. 
which must be resolved before equipment is 
specified 10r ma~.ufacture. 

• Identification of  construction problems, in- 
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eluding availability o f  materials, type of  land 
base. and area required for construction, 
that must be solved before large equipment 
can be fabricated in the field. 

o 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 selecting the best 
coal processes to be demonstrated in commercial- 
sized plants. 

PROGRAM DESCRIPTION 

Parsons has two main tasks: develop concep- 
z,,,d designs and economic evaluations of  commer- 
cial plants, and do technical evaluations. 

Conceptual designs and economic evahmtions 
of commcrcial-~cale plants are being developed 
ibr the Char-Oil Enemy Development ICOED) 
process, an oil/gas process based on the Solvent- 
Refined Coal (SRC) process, the Fischer-Tropsch 
process, and a combined Coal-Oil-Gas ~COG~ 
process. The conceptual designs and e,-onomic 
evaluations are based on engineering data such as 
process yields, con~'ersion efficiency, p~ah. eco- 
nomics, and en~-ironmental analysis fi'om pilot 
plant operations. The COED design was com- 
pleted by the end of  !975. and designs of  the 
oil/gas, Fischer-Tropsch. and COG plants were 
well under way. The design, equipment specifica- 
tions, and capital cost estimate of  a 40.000-ton- 
per-day mine were also completed during 1975. 

Parsons. at its own expense, is developing a 
computerized process simulation program that 
can estimate fixed capital investment, material 
and enemy (utility) balances, and potential profit- 
ability o f  various coal conve~ion complezes. The 
program will be a~ailable to this prcject. 

Among the technical evaluations is the develop- 
ment of functional and preliminary specifications 
for equipment and control apparatus required in 
the candidate conversion processes. All the com- 
ponents o f  a plant, from coa: handling through 
fuel production, are being considered, along with 
the associated units for power generation and 
waste treatment. Another evaluation consists o f  a 
sludy of  materials for equipment to determine 
what is preferred for use in co',d conversion pro- 
cesses. Parsons is also determining what facilities 

are required to control air, water, and solid waste 
pollution to assure 'i~at plant operations are with- 
in applicable state and EPA environmental stun- 
dards. Finally. Parsons is providing general sup- 
port activities and preparing reports for ERDA. 

PROGRESS DURING JANUARY- 
MARCH 1976 

Conceptual Designs of Commercial Plants 

Work to change the design of  th= SR('-ba.~d 
oil/gas plant to include a 2-to-1 oil-to~g'~s ratio 
continued. A 50.000-ton-per-day coal mine was 
desigaaed to supply the oil/gas complex, and the 
capital costs were estimated: design of  the related 
coal preparation lhci!hies ...ontinued. All basic 
process desigw.s, procc.-- flow diagrams, and pro- 
cess input for equipment si/ing and spec:,fications 
~br the complex were completed. Some change:, 
incorporated were the ave of vac:,um filters in 
the dissolver desi~,n, tile addition of  a third shift 
reactor to the shift unit to control the ratio of  
hydrogen to carbon monoxide, and the addition 
of a .~cond side stripper to tl,e distillation unit 

that the unit now is capable of  producing 
naphtha, light fi.,ei oil. wash oil. and bottom.~ 
'.boiling above 400 ° Fh Par~,ns selected a liquid 
phase methanation process, completed design cal- 
culations for the methanator, completed a pre- 
liminary overall utility balance, and initiated the 
final review of  all trait material balan:es. Prepara- 
tion of  a list of catalyst and chemical require- 
mcnts lbr the complex, estimation of capital 
costs, and .~lection of  constroctior, matcri:,l., is 
continuin~ 

Material and energ.~ balances and a p.r'aliminar3 
t,tility balance for the Fischer-Tropsch plant were 
completed. The design, specifications, and capital 
and operating cost estimates for the 40.000-ton- 
per-day coal. mine and related coal preparation 
facilities for the Fischer-Tropsch complex were 
completed, in addition to ",he process flow dia- 
~ams. equipment specifications, and capital cost 
estimates for the coal storage, grinding, and dry- 
ing units. Capital cost estimates for the process 
units were started. A quantitative economic com- 
parison of  the ~pital  and operating costs of  
single-stage and two-stage gasifiers indicated a 
potentially ~ower product cost for the latter: 
therefore, the two-stage gasifiel was chosen for 
the Fiseher-Tropsch plant design. Construction 
materials for the plant are being selected. A draft 
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was prepared that describes the products ex- 
pected frum the plant and lists the properties and 
m"-rke! specification for each product. 

The comparative evaluation of coal liquefaction 
processes for the COG plant continued. The 
scope and objectkcs of the program are being 
defined. Cost. yield, and utility data arc being 
dt'-'e!opcd for th~ H-Coal and Synthoil processes 
and for four SRC processes. Block flow diagrams. 
macrial balance calculations, some eqt:ipment 
spe~:ificatl.ons, and factored cost esttmates for 
selected proce~se~ were prepared. 

Technical Evaluations 

t-quipmenI development continued thi~ quar- 
ter. Conceptual configt~rations and capital co~t 
and puwcr rcqui:cmenl estimate~ for ground coat 
compression ~crcw feeders were obtained from 
equipment manul'acture~, preparations for test~ 
at I 1 aim ~¢rc started. 

Additional information was received on the gas 
venturi scrabbers for the Fischer-Tropsch process 
and on the dry and wet electrost~ti~ precipitators 
designed tot ~ucuum sere'ice. 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 fiher cake 
w~th solvent be submitted for turba-fdm ~zcuum 
evaporator zests. 

Other acti~ities included evaluation of  process 
flow diagrams of  the Fischer-Trop,.-'h and oil/gas 
plants for conformance to ecolo~cal require- 
,nents. investigation of ~'ater pollution effects of  
coal ash. and mxesti~tion of requirements for 
carbon monoxide emission controls in states 
where coal conversion facilities could be located. 
Tile SRC plant in Fort Lewis. Washington. a'as 
~isited to review its en~ironmental facilities and 
procedurc.~. Parsons visited scve~l organization., 
to evaluate zheir facilities and capabilities for 
investigating the Lnginecring properties of mate- 
rials for coal conversion. 
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GLOSSARY 

T h e  i n t ¢ l l [  ,)l" flit,, glo~.,,ar.~ i,~ t o  g ive  J g e n e r a l  dc t ' i r i l i o l l  tit t ¢ rn i ino log . ' ,  a.,, 
u s e d  ifl thi , ,  r e p o r t .  A ..'lo,~,,,:tr) i.~ , : o n s i d c r c d  dcs; . rablc  b e c a u s e  o l  t i l e  d l ' . ' c ~ e  
ol ' igi l l  Of t h e  tc, :hntl!og, ,  ;llld b r o a d  . , ,pcc t run  ~. o f  t~oh.'nliul r cadeP , .  For m o r c  
prcci- ,c  dllt. l d c t a i k ' d  dclqllitioll. ' ,, t i le r e a d e r  i,~ rc!L'rrcd to  771e .l?uittdl Ht,,,~ t~r 
. 1STI I  S.. 'a , : ,hu,! ,  publi. , ,hcd b.,. t h e  A m e r i c a n  Soc ic tx  fo r  " ic- , t ing  M ' , t c r i a l s  
i %STM i (7?c.?i,a/ t".,.i-ulccrC /la,di~,~,~h b y  R. 11. Pcrr.~ alitl  ( ' .  II. C h i l h ) n .  a n d  
• t t)tt tt,,;r,zrl ,,t l l i , : , :Z. . i l iutvWl,  dlld l~t'hitcd l't'#'lH~ publi. ' , t lcd in 106,'4 b.~ t h e  
U.S .  l )c ; , . , r tmcnt  , , : "  the  I n t e r i o r .  

~, -- ,,~.li.~UO:ll ,:;;;~. ,1 . i ' l l :  ~,I !, ' i;: j lh equal to  l 0  10 

ill~:~t'r~ ~,: l l- I ' ;  ::ii.21Oll.~. 7¢:1~;J11) ,l.~cd a~ the i l lU[ I 'ol 

d¢.~crlbtng Pl i¢ iah. ' l i l i c  di.glailc¢',, a~ a/l eMl inp l¢ .  Iil~: 

12~¢~llll aloln~, .+11 d :a : l l o i i d  ,l ie | ,~" %, Jp>r!,  
absorp t ion  - the .h,.~. i~:; lon e l  a g - .  i,.:., h,Fi id.  
ac~:eplors - ca!..l:l,:.J ,:a."bonatcs ;h.~l al:.,,orb carbt, n di- 

OXl~ld CXi,l]t. t2 --I 2;;ri;;~ ~a,~:';,;ailoi:. : \o lhei i i l ical l ) .  
acid.gas remova l  - a ,~cd[itlll tit d ~3~ piant where h.~dro- 

Den suh]dc -qld ,:arb,,:, dh,%.ldc arc rCillO~.ed l'~Oill the  

ac~ivaled ca rbon  - ~ - ih , , ! !  ttbl31l!Cd 1"~ c j l inon l /a t lO l l  in 

the abscn-¢ ,~i d l l .  pr j terab l .~  il l J VaCliUlll, has the  
propcrl 3 ,}1 Lt~,,~lrl/"il~.~ l a l~¢  qtldllll t iC~ of ~as~2.-,..~olvenl 
vapors, used also ion, ,alail~.X lil~ hquid:;. 

adiabatic - dn'. piocess wilef,: i/cat is neither 21~.ell o1"I" 
nor ab,~G~ed 

adsorp t ion  -- the ph)sll.aI uric che/ni~.al adtletcn~:e ,~l a 
7a~ It, the sur f:*-¢¢ of  a .',ohd. 

agglomerate  - assemblage cl  a,,,h parllcle~ flgidl.~ lUincd 
lOgcl.~ler, a:, by partial iu.,:Oli tqnter ingl .  

anode carbon - carbon o f  inb, h purit,., usuall) crystallized 
it. graphite Iornl. wtd¢l.~ u~ed In Lcclanclle cells, in 
n~Js for a laminJ  refiluzlg, in ¢l¢ciric arcs and nuclear 
reactors. 

anthrac i te  coal --  an)  coal ¢on'al i l in,2 8l~ to t i l l  percent  
fixed ,.afbou. on a dr.~. il)i/h:;'il.tnatler-lrc¢ bash,. 

aromatic hydroca. ,bon - an  uilsa;,uratcd c)chc hydrocar-  
bon containing, on,: or iriore .'~Ix-c3rbtln rin~.',. 

ash  - -  tlleoteti,:all.~, the inorganic :,;.ills contaiued m coal ;  
practicall),  the residue from the cuinbuslion o f  dried 
coal that has b..'cn burned  at 1.380 ~ F. 

a u t o c l a v e  - a ,~essel. cons t ruc ted  of thick-walled steel 
(alloy steel or nickel al loyst ,  l\lr carr.vin.~ out .:heroical 
reactions under  pressure and at high temperatures.  

b e n e h - s l l l e  u n i t  - -  a ~matl-s~ale laboratory unit  for testing. 
process concepts  and operat ing criteria as a first step in 
t h e  evaluation of  a process.  

b i n d e r  - carbon products ,  tars. etc. .  reed to impart  cohe-  
sion to !lie hod?  to be formed" a coal.extract b inder  

ma)  be u~ed to  prep. l ie  I'll, n i c e - c o k e  i~:11¢I~ Iio111 l l l l l ;  

c l l k l i l~  coal:l. 
b i t u m i n o u s  c o a l  - a bload c!a',.', e l  coals ;Ui i l .al l l l i ig -'~(~ It.' 

bt~ p~ic¢ i i l  I ]xcd ,~alboti and  _0  Io  . i t}  pc iccn l  ~ol ' . l l i¢  

l l i a l l e r .  
b l o w  c lown - -  the r¢ lnova l  o f  l iq t l id~ l ' roni  a l:iocc.~.~ w:~x.l 

b)  the apphc:xl i ln l  tip prcx~,.,IC 
10oRomlng cyc le - thl: low¢;  ; o l i p ¢ i a l u l c  i h ¢ i l u o d )  i ld i l l l .  

ptisl, raf C)CI',." I l l  a COl i lb l i led-c )c le  ~).Ml: l l l .  

B tu  - B r i l bh  thcr lna l  i l l l l l ,  l hc  qu ' , ; I t l l )  L,i ¢~1ci,2", il:. 
qLiillad i~l ral~., the le in ,~ ra l t l l t . '  e l  ionl~ pt l l l l ld  e l  I t i l i ' - I  

,hi,: de:.'r,:¢ I . i~,i¢!lheil.  
B T X  - hcnIcIIC, tt lhlClI¢. %,)lcilla. d l t l l l l : i t lC h.~d[ilL~IfDi,.'l~. 

l t~luen¢ is l l l e l hy l . bcu /¢n¢ .  ~,)1¢n¢ l~ d l l n e l h ) l  bc i i /¢n¢ 

c~k in ,  3 - the .-.oliunnl~ a l ld agL41olncrati,ul ol  ~u',! a.~ ", 

(l.'~uh ol  lhc  appl lcJt l t~l l  o i  hca!  
c a l c i n e  - -  Io  I leal  a I t lhd t o  ,l t t le l l  ~elnpiarLitllle i t  I ~.'all~L" 

the dlact~nlpo~lllt~n o f  h )  d i l l ies  a i id  c:.lrbollalc.s. 
carboe, f i be r  - -  ve r )  l ln¢  l~lal,.I,2-,il.,, - ' tboli l  .% i,,;ci,Jil.~ in 

d laUle lc r  vchi,'h :ire used In ¢olll.nt).~lle in~lcri-',l.~, being` 
b o m l d  w i i h  ZCSlll~. 

c a r b o n i z a t i o n  - the des t ruc t i ve  d i s t i l l a t i o n  e l  c~:',l In ihe 
:l i ' l~-ncc o f  air a , 'co lnpani , 'd  b )  l t i c  I 'or l l la l l t ln  t,l" ¢| lar 

(cukel ,  ]iquifl l t a r l ,  and ,_,asellus prodLzct~,, 
ca ta lys t  --  a Mlbslanc¢ [hal ac,:eleratcs die rate o f  a 

chenl ica l  ruactizin w i t h o u t  i ' .$cl f  under~t~In I a perma-  

nen t  chelnic: l l  ¢banb','. 
c e n t r i f u g e  - an apparu ius  totai ln,=' a l  h igh speed to  .~pa- 

rate sol ids f r o l n  l iqu ids ,  e.g.. una i sso l ved  residue I ' roni 

coal  so lu t i on  in the S I C  process.  
d l a r  - the solid residue from coal  after  the retrieval of  

inuistur¢ and volatile mat ter ,  i.e., essentially ash plus 
tixed carbon. 

Claus process - a process for recovering elemental sulfur 
i ' ro ln llydrogen sulfide gas. uti l izing a brick-work kiln, 
;,t high temperatures wi th  oxygen reacting with the 
hydro.aen sulfide to yield dry sulfur  and .'.team. 

closed cy,-le - a the rmodynamic  power  cycle in whidl  
the working fluid is recycled. 
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coal -- a l l a t l t ;a l  ~t+IIA mater ia l  ,~t,li!M,~;,iil,.' I l l  .ll l l i l l.. '~hli;l ~ 

cl¢ill,2111d] ,.~l,l~oll ~,iil!l tal'loLi.,. JII it l t: l l ;~ td ol,="qll¢ / l i d  

l l lOr~a l l l i  ,2o ~ l'_pOllll~l.,. 
coke --  a so l id  ~Ol!M,qll l~ ~'i:llll..l;I]-% ,.il J i l lo !~ ih lL l ' -  C.I~OII 

I la. : : i~ , /¢r ;anl  ~ l t ~ C l l i ¢ ~  ol  .Mrc i i l lh .  ~cll , . I I : i~ ' l l l l¢.  al ld 
il l- ' i l l:!VJlll l l i l~.',-rllI¢~. -tiid in. i l lul :4.1l i rcd b)  lhc  lho r l i l a |  

d¢OJl l lpO,. l l ,o i !  o f  p c l l o l t u n i  IcMdll¢,- Ji Id ,2c; laln |', i~c~ 

,.,i o.ul+ 
coke breeze - -  ,.'okc parlt,:l¢.` ':,mailer lhal: I " inch nl .,,lit." 

combin¢c l  cyc le  - -  txwl ~2qui:nl la l  |hi.-rlntid-%llalnl7 pl.llll.,! 
~tql%yi.,lOll ~,.`It21:~,, o;',t.'lallll~ a|  d l l l~ ' l¢ l l l  iCil l~%'lali l i¢'~. 

c o m b u s t i o n  gas - -  L-'a', lu :n l td  b.t |all." rapid -i%.lda.l!t~li t,! 

~odl. ,2.~.. b l i ln l l lg< 
e o m b u s t o r  --  a %,l.'~.~i i l l  ~ lh i th  O) l l l~ l lX lk l l l  i l l  IJ.'li,'llll', 

• .olodll~I~, I ; o tn  AI f u l l  tJk¢~ place b-% lh¢ . 'hcnl i , :a l  liP.lOll 

o! l l \ .x~¢ l l  t~ l l l !  lh¢  .~a ~. 

CouPOn - a poh.,,hcd racial strip t.,x'd to  lllca.-,ui¢ the rate 

o! ,cor,'oMUII i, tl the llll.':a] in a ~p¢¢1;1~" ~a~ 'ou ' .  -.,r h q t n d  

~..liVii%llilllCll; + 
c lack ing  - l hc  p a r l l : l  d c ¢ o i n i : o q l h l n  i l l  h l~ l i - iuoh:~u l~ l -  

l~,¢l~lil t l !~Jll l i2 , .un lpot i t lds  i l l tU lox~¢!.l l lOl¢¢Lllar-~Vcl~hl 
. 'u i ' , lpoLl i l~. . . ,~. : l t ra l l , ,  a,. a r t suh  ol luyh l~:l:!i;~.'i'Jttix¢~. 

orut le cja$ - ~2.as p i~d i l o2d  IIi a ~aMl]¢r . 'Ol l la l i l l i i~  J "+,% I~lc 

i'ktll~.¢ o f  i i i lpt ir i lh. 's.. l l>~.i kliol~,n a~ oll~.'t~. 
cyc lone  separa to r  --  cs,,¢llllall-% -" .-cttlln 7 ,:hai:lb¢l I , i  :,cpa- 

r a t :  ..,,.1ha ?~rth+!¢,, !r~-+=';l J b'a',. II! %thlch gra,.ltJ!lO:lal 

a~ 'c ]0 ra t l o i l  is r¢'.~lJ~c'd b~ ,:,~l:ttII"d~al a¢¢¢l t ra l lO l l .  

deg ls i f l c , t t l on  - -  a p i ~ c s s  f l i t  dr:,lnni,_' ,;JlUr-',l l) o , :¢ l l l l i ! !g  

- ' l lelhi ! lC l l l l n l  ,2,1Jl .~.2:41!1:;, 
de layed c o k i n g  - d p lo¢¢ - -  : l t l t r t b )  . '.21 I% ",Ubl'2t.lcd I l l  .J 

ll.irt 7 '~c r l l~  ill+ ¢.ar.~o~l#'ati,llt ,it mtldt:t-'lt¢ h : l l l i l t r a t t i t t s  

i l l  h+i'ill t : lc lalhlr71¢: i i  , 'ok¢. 
ch. ,mineral izat ion - rcmo%:,l ol  iDln¢lal i l l " l l t t  la.` l i t  I l o i l i  

70:41 h-% ";,tllVOnl Cx l l a¢ lh ln .  usual ly l indc f  h.~d;,i,.'¢n 

atl ltOsplltr~.'. 
d e m o n s t r a t i o n  p lan t  -- a pl:i'il ~t.l:os¢ dk'M~ll 1", ba~.dl. ~ till 

data  de=,i~-cd f:,+m pi lut .sdalc t ts l i l i  I .  o l  su f t ]¢xen l  
capaci t)  t,1 demons t r " l¢  tilt: lar,=,c-~¢al¢ I,-a,,xbilit) t+i a 

~:o,~es--,. 
d e p o l y m e n z a t i o n  - the ¢h:4n++ ol a hr,='¢ Inulcculc I¢.'J.. 

coal  pu].~ : l i t , s )  :n i t ,  s i lnpl¢!  i i l t l l¢cu l ts  {¢.~.,  a: , , tna t i t s .  

BTX), u:;ual l )  aec tmlpan lcd  b)  lh¢ 5uhs t ih i l i t l n  i l l  

h)  d r u ~ n  l l l l  l l \ )  ~ : l i .  
des t ruc t ive  dh ; t i l l a t i on  - the d i s t l l h l ! t , n  i l l  Ct,'q t i t  o i t i ¢ l  

solids :4¢¢tiiripal~it:d b,~ ;licit dct . l l lnp .~ l t lU l l ,  d¢ 'd lut t l ' . c  

disti l lation o f  i~odl }ields ,2oke. |a , .  ammunla. . . 'a . ` ,  etc .  
desuffur iza t ion  - fl~e remo:'JI ut ~ ,.ulfur frum h~drocur- 

bona¢, :uus  subst:4nc,:s b.~ cilcnilcal reacti,ln.',. Var ious  

processcg art '  Claus.  A p p l c b y - F , i d m g h a m .  C.S, I .R.O. .  

!'errt¢ chlor ide leaching. Kennecot t .  

d e v o l a t i l i z a t i o n  - -  111¢ rcino~-dl o f  a p ; t lp i ) i ' l l un  o f  the 
i<ul:41ile m a t t e r  f r o m  l l led iu in-  and high-~'tll-"-lil¢ coal~ h.> 

pr~vcxll subscqu¢: t t  t:aklng. 
d issolut ion - -  tb¢ tak tn~  u p  o f  :4 ~ubstancc by  a liquid 

w i th  the f o r m a t i o n  o f  a homogeneous  soluIlOll. 

d is t i l l a t ion  -- J ;+:,1~¢~, ,,'. tx j . : ' , . ; . : t l , ,u  Ji id i¢~ l l : ld¢ l ls j l ! , l l t  
llscd |01 sCpJlJ l l l l~  iki i l l l2 % i l l l o  %_,lllSt:~ l iJ~ llt.~ll "- 

J~'dtlldlll':: 1o l ie: i t  bo i l i ng  ,'~,lil!~ ,,i' h o l h n l  IJll~t.-,~. 
d o l o m i t e  - J l l l ! l l¢ la l  h a l i l i ~  l hc  ;2li¢iillC-tl lo in ! i l i a  I'~M._' 

l ( ' O  31=. I.¢.. a i.'JIPiill..llt: i l l  C. i l l l l i l i !  / l l l~ i l ia~l!¢'qt: l l l  

~ow ' t he rm  --  l lad t . -n la l [  ll, l i  _l k'lh."~ i l l  t.'llll.'¢[li." ! l l l \ l l i l t ."~ 

o f  .. i lpl l¢l l~l o x i d e  and d i p h e n ) l  u,-ud .I.- high- 

l¢ l l l lp¢ la l t i l¢  hca i - l I J l i~ l+ i  f lu id>.  

ebu l la ted  bed - a b~uhng bed .  ~a.,. ¢o: l lammg a ,cl-,Incl.x 
-.i.:411 phq~.~l lh,n ~tl st is!:, : l idcd +tllnd-. bubbl¢~ th to t igh  
a hr-:hcl dcn>l;~ thlxdi,,,:d phd,¢ wl :h  the . . ' suh that  

the s}sten+ r¢.¢:ublcs a b,) lhng liquid. 
~onof lR izer  -- a he'll ¢\chjll~.Ic, ;o: l¢¢Ot¢lillg hr.'at I:Ol!l 

| | t ic ~d~l,:-,+ alld t!.%|llg II !...i llc;.ll l¢¢dx,.alcl ol C~llnbtl'~|loll 

-'111. 

effluer~t g a s -  ,'.ms Isstna+ | t o m  J gd',lllt~l or ¢onlbtlslor.  

e lec t rode  c a r b o n  - -  "~¢c d n ~ l ¢  , . 'arbon.  

elulr iat ion -- the prclclcnh'al  tczno-al o:  d:c ,,nail coll~ttt- 
il¢lll'l Ill -i IlllNILill2 Ill ',,1lid paltl,21~:', b~. d ",H¢alP. tit" 

hl~:h.,.,:h,¢it.~ ,.,a -. 
enl:10thetmic - a ph+¢¢,,., in ,.,,hlch h,.'-,I -'. abmuh¢d 

en tha lpy  - J lo in1 tit thcrn:al  t.-nL-ug-% d,:lincd as lh.l' .Mt|n 
LLI. I.h~.- -~lllCfll'll ¢11¢1'g% ill :4 .,% ,,,|¢nl p|l ls tii¢ p loduc l  . t  

"]lC ~,~sll~lll',,. I,,+h;lll¢ n l ld  pr , : - , . . ;¢  
entrained bed - - bed xn x~llt++!; , , + i t d  pat; . . : l¢ ,  a , :  s u s -  

pc; ldcd nn J l l lOxlII'J I]inid dlh.! JIC plogt¢.,bix¢l.~ ,2Jilted 

o1¢~ i l l  the ,.'flltx;:;ll .,1112+"I11 

entrained f l o w  - ,,,'c en l t a l i l ed  bed.  
eutec l i c  -- lilat ,211lilt'llll,.i[lllll I:; |%1,0 +1l !Ilt:ll. ~ i."llllpOIl¢lll" 

~ lh l th  p i i ld l i¢¢s The lol~¢~| i i l=:lt lt l~ tClilt '~2:atul¢. 
e x o l h e r m i c  --  a i ' . iocc,~ il l wh i , :h  heal. i> hbctJh:d.  
ex t ra , ' t i on  - : p.,,l~¢ss h ) l  dl.`~,ol,:lll~ O.'l~Jlll OIl l. ' , l l iLltni '~ 

~11 ~ l l l l \ I I I I t2 I'.) I l l¢an~ o l  J l i qu id  I ' . l l l l  ~ol-:.'.;t p l . p c i -  

11¢~ 1"11! %'ldclcd Ct~lil~x~nt2tll', ,lill.%. 

e x t r a c t i o n - h y d r o g e n a t i o n  --  c%I i jd l lO l l  ":4l l led Oll i  111 the 
plt.'~CllCe i l l  h. ' .dl l lg¢l l  ¢11h¢i a ~, "' gas ,u der ived b~ 

tl-'ill~.lcl I ' lot l l  i l )d l t l~ l . ' l l  d l l l l i l l  ,~lllqt:lil_~. 

extrac ' l ive . t~oklng - ~li l l i l ' , t  h~ dcl',.~¢d ¢llkln,J prolc.` , , .  
i l l l l i  the txl iphJ~P, t i l l  l ush  ;JI -% Icld', h ,  l ) roduc¢ IlilUld'~. 

filler cake -- thc t11ol+.t rcHdtn+ r¢:'i.llIH.'l~ llOnl the tihr-,- 

tk,n ,it" a qt l r r )  to  prodll¢¢ -" ¢[Cal! f ihiatc  

filtrate - a liquid Irel: tit" so;id lnat tcl  .iftcl hJ'.ln~ pav,,2d 

t h rough  a filler. 
f i l t r a t i o n  - the ,~.pJratton . !  ~t,lld~ l ' lo/ l l  hqt: ldx b-% pus.`- 

trig tl;¢ n11\tur¢ t h l t m ~ t  a ,,ult+hl¢ .mcdl,lnl. c ~.. tit+lb. 

p:lpc.-, d ia t . in t tc  
Fischer  a s s a y  - an a,,~.~ lo t  tlic dcl¢rmin:411Oll ,JI oil {furl 

-%l,:lds fitllll Ci..lill t l l  ,lii "~|;-"l~': Collduch:d in a . . ' to t :  

:rod,it all inert -'l|lllO.~ilhCf,C wl lh  ~.1 ~I:4dila] mcr¢-'l.',¢ lit 

;clnp¢lallif¢. 
Fischer-Tropsch cata lys t  - iI,m and cobalt ¢' , tal}sI ' .  dl:+¢l- 

at'~:d h~ l ' lsdler -"nd %upsc+: ful the ca tabt ic  s.vn- 
thesis ul liquid f',J¢ls I'rtl!ll teal .derived .%~,thcsl~ g".~ 

fixed bed - ,olid particle., : .  n, tm;at¢ ¢unt+'-cl i, vxih fhdd 
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' ;.a "oq I t '..t ll:lt ,LI ;21~ '~llC Ill. DGI I+',, ,d, r.~. 1,. h, ¢ Jll~C 

I] laldl/dl I~ ,tl 

| l xed  catbor i  -- Ihcv,r¢ll,all 3 the' ~d:~,,ll o.,II1¢111 ,Jl ~,,ai 

'~[l~,[l ~'XI-I ~, Ill 1]1,,~ ¢lCl!l¢lllal ",Idle. pla~.llcal]}, lh,.: 

dlllk'lclt~,." b,:tx~.c~.n ttl(J ]"l%'lCCll| -'lIId I]lf ~,UlII Ol .1%11. 

!11t>l'~lUt~.'. alia :Ula111C In;.lllt.'! pcl~.t..lltagc.~ 
f l a s h  c a r b o n i z o l 0 o n  I a ~.arbolll/allt~ll ph,~.c-~s , [ : a l a . ' c l l / ud  

b'~ i¢l~ ~,!~ort r,.'t,:dc11,,." flit1,..;,, ,H ,odJ l~! the I¢.i~/1.~.,I 1._~ 

,,phllll;,-" tal .~1¢1d: al~,, called lla.',h p.~tol.~.,r, 

~|Ul! ~Ja$ -- ~..J~ IS~,L£!;l~ lit,Ill d ~.ulllbtl~tot. ,:llht'I cxhaanl¢ "-! 
D., almo,:,ph~.'ic ul c>.pandcd th luugh  a ..:"-,, ltllbIIIc. 

f l u id iza t ion  Idcm,¢ l ~ l l a~ . ' l -  lhc t u /bu lcm mohol ;  v~: -ohd 
palll¢]C, It1 d :liLI,~ ~.IIC41|1. ' he  I'laIIIcJ¢',. ;.tic ~l,,v,,c 

t_'ll,.0tlgb :.a,, t,o Illlei.~cI .alld gl',¢ the .itp.'p-.~ala:lo." ol a 

ht,lhzlg h,luld 
f iu id iza t ion  I¢111Iat : lcdl-  ,ohd  part icle,  hJtl:~pt~rIcd D.~ a 

h,gh.~.¢l,,,.ltx llm.t ~ll...'jIll V,.llh lutlc ,,t no -ol,d iIlIC:- 

a¢IIull. 
fluidtzed bed - a bed lhmu,gtl  v. hl,:h .a fluid I~, I ) a ~ d  

u,llh a :ch~,:lt 3 t;tgh cll'.,ugh for 1he s,,hd pa111clcs to 

~'palal¢ dIld bc~.Olll~." trct.'t'. ,tmp,.~ttcd ~n the fluid. 

f l y  ash -- a till¢ gStl lf,,uYI 1he puNcn~ed <tla[ burned  m 

p~,a~.l ~tatlon h,~tlct>, or ,.'lll:aincd a.~l, calllt:d t,'.C~ 

l loln a ga,,ll'ict. 

f rac t lona l ion  - .Jl:'.lllLIIIorl plO~:¢,',~ |tl! I|1c '~Cpa[allt)l'l OI 

11:¢ 'ta[i.0us , .ompon¢:: l , ,  o f  hqt i id  llll~,lur~.'~. ;111 @1 |C~ll~;." 

• ,¢p;ataH,Jl| ,;au o11l.~ b,." adu¢ ' ,cd  b,. '.!:¢ u~¢ o f  t:a,~- 

l ]Ol lat inc o~lumn~ at tached lo  fl~e .-,:dl..ab, u ,;ailed 

f reeboard - I|1¢ s~-,a., tn - Ihudl , ,cd-bcd Icact lun b,..t~.~e,:n 

lh,: lop  ~,l the bed and 1h¢ :~,p ol the r c ac tu t  

free swel l ing index - -  a , , la , ldard  t¢.',l l h a l  II,~dlcal,..:s the 

¢akln~ ,.'lla:a, tcrlstl,,:- ul ~.oa| '~tr}lcn bu:ncd  a.~ a l u d .  

Freidel Craf ls  c a ~ l v s t  - the ,.atal}~,: cmplo.xcd m lh¢ 

rL~.tl~.llCXl.. ~.+1 bC:llC:l¢ !',~,dto,:arbon~ b~ Ihe aCIIUII t~| 

alk~! hahd¢.~ ul l  ;llOI11atlC.~ in Ih¢ p~¢~.:n¢¢ o f  anh~dlot l+  
aiuln~num chloride. 

fuel cell - a gaham, .  ¢¢II in ~a, hi,~il the o \ i da l i~n  ~l a tucl 

I¢.~,  o~all t-, u t lh /cd  IO pxodtJ¢c cl¢¢trl¢itx. 

fuel gas - Io~ hea l ing  ~alu¢ p toduc l  .='cneral!.~ uttlizcd 
oll-~lle !or p o ~ t r  gCllelallon or i~du~.l;lal u ~ .  

9a~i f ic l t ion  o f  c o a l  - -  Ih¢ ,:um¢:s~tm ,Jl ',,ohd coal  m l u  a 

~a~,:uu.',, lo rm b~ all) UI';I ';ariel} o f  ;hcirlz,,/al pro~ess,.-.-, 
~asi.~er -- a ~c~,~[ m x~luch gasilicalion ~ ¢ l l r s  usually 

ullh, .mg qxcd-bcd .  I lmdi, ,cd.bcd. , .  entrained-bed units  

high-Btu ~ - a ~ .  largel', methane ,  ha~tn~ a hcalmL: 

value - I  'aO0 to 1.000 Blu tx't cub1,: loo t .  whi,:h 
approa~.hc~, the %'alu¢ for naltKal '.~.as, 

I~igh I '~al ir~ value IIIIIX.') - th,,: heat liberated dur ing ,a 
¢ombu:,t'o11 process m wluch the product  ~ a l c t  +,aD+1 
~, , . :ondcn~d to a liquid. 

I ~ d r 0 ¢ o k i n g  - col in. . '  c,I tars.  SRC. etc..  under  h xdlO. 

b'~nating ¢ond|tion.,, ~o I,.alrll h,qu~d prt~ducl.., 

h y d r o c r a c k i n g -  the COlllbizlatiun o t  clacking and hxdrt,-  

~l.'lldllt~[i Ill ¢lt~;InIc Ct)lll~Urld$. 

h y d r o c y ¢ l o n e  -- ', .,,nr-,tl ..;~¢hlnc cxlfa~tt.)~' l o f  f¢llll.lt.a~ ol 

su:,l~.'lldcd s,ohd.', : t - m  ~, Ilu~.ing | ~ m d  by n:cam, uf  "J~¢ 

¢¢nlrllu~at lot,:¢.,, ~ l  up wl~:n the liquid Is mad,: tu  

:]uv, through a 11'_.'111 oan |cal  xor lex .  
h y d r o ~ a s i | i ~ l i o n  -- ~a~,llicaliun that Involves the addztiun 

, I  hydtugcll  It, t11¢ produch;  o f  prima~y gasifll~JIIOn to 

op l rn iz , :  t0rmat iou ol  nlclhanc.  
hvdroo~Hr lMI t lOl l  - -  chcmic 'q rcact l tms inx'olvmg the addi t ion 

~1 h.,.d;o_~en, pr , :~n!  as a g.as. to a ~,ub$lanc¢ in the  

prc:,ct~cc ol a ¢"4--:..x:" under  high l.-mr-'~ralurc~, and 
pr cs~,ul t:.-. 

hydrogen dono r  solvent - > o b ; ¢ n t .  s u c h  ~ anthraoenc o i l .  

Iczra]m IzcuatL~drunaptz t t~ lcne| .  d~c.t l tn, etc..  whid~ 

t tanslclx |l~dru~%'n I~ ~.ual ct~nsllluc~ln causing d c ~ l  3 

,n,:lLzatl,,n and CUhScquent c~.oJulion o (  hquid producl~ 

ol h ~ ¢ ,  bodm._, lan,=,c ~ln, :h ',re ,.hen taken up b.~ the 

sulx e nl .  
h y d r o t t e a t ~ j l  -- -', p i ~ c ~  in~o l : i ng  ihc te'~ctum ~,f h.~dru. 

gcrl ~l lh  h.~drucarbon m i x t u r e )  for tile rcnloval u f  

• ,uch Inlpuri l . i~, a~, oxk,2cn, n i t rogen ,  and sulf , ,r .  

ideal gas - any ~an ~.'ht~:,e equa t ion  o .  ~,lal¢ i~ c x p f e ~ d  

h.~ the ~dcal ,_'as la~.  nam¢l.~ i:'V=RT ~ h c t e  P ts the 

ptc$:,ut¢. V is the ~,,alum¢ of  one rr~lc.  R ;~ the ~',~ 

cun~tanl,  and T i.,. the  absolu te  t em!~ra tu r c .  

i~nition temperature  - the m i n i m u m  tempera tu re  ne, :~-  

• a ~  to imitate _,~h-sustaincd c o m b u s t i o n  of  a s u b s t a n c e  

i n e m  - macerals in ¢0al nol  re,dil~ d+anecd b.~ t h e  

action o:  ~b., :nl~ in tile ~,,.,Nent cxlracllofl  of  Coll. 

¢.g.. lUslr'.iI c. 

in situ - -  z n  Iln orlgln-.I p l a c e ,  e . g . .  u n d e r g r o u n d  i~a,ifica- 
11OI I tl| a co.ll ~ 'q l l .  

intem~edi~ae-Btu g ~  - s~nthe~l~ ga~ produc t  wit la an 

l i l l y  between 250 and ~ Btu per standard cub ,c  

hNII. ¢ol~s~slin~ maml~ o f  ca rbon  mo n o x id e  and h.~dm- 

g c n  

l igni te -- a io.a, lank , f f  cual  bcI~.~¢n r~-, l  -wld su~bl ;u-  

tnlnOu.'~. 
iirln~stone -- a sCdilllCllt;lr~ l ock  Conl.DO~cd mosl].', q f  

di~l¢lum ,.:arbunate (CaCO.~ i and I ~ i b J ~  .r~m¢ maLgn¢- 
s ium ca tbona lc  4%1gC03 I. 

i iqu~t~-'t ion - conversion ~1 a :,olid to  a hqmd- with coal 
this in;atiabi.x mxoh,cs I; .~dtogcnation t o  dcl~l~m~r,z, :  

1~.. ,:,,al m~ale,.ulcs to s impler  molccuh."s. 

l iquet i~l  I ~ t r o l t u m  gas { U ~  I - i h o ~  h.~dn.~arbons lh ' t l  

have a xai',,;r prc~,utc {ai 70  ~ FI  sbght ly  above a tmo-  

spheric |Su,gll a~ ~rop; l r~  2lid butav~)" kepl in l iqmd 
l u f m  undel a p fc~uf¢  h ~ h e r  than I a im.  

lock  h o p l ~ r  -- a mechanical  d¢~i¢¢ that  i~fmit~, the in t ro .  

ducll~m t,l a .~did in to  an environn~:nl  o f  dif.t¢rent 

pl C~sSLIIC 

I o w . B t u  g , ~  - a ~ s  having a hcalinl;  value o f  150 to  .150 

Blu per cubic I't~.tt. ~ h e n  n, ' ,dc f rom ¢¢~11. ~,'atct. ana 
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air. It contains ',at} )l]~ qtlJ]ltt:le~ t)l" ,.2albeit nli.ltltlxldc. 
carbon dloxi~.ic. ]lltl'Ogell. h.~dtogcn, cud methane. 

M A F  -- ITIO]~IUi'e- alld .,sh-tlee: a Icon: that relate,, to tile 
oI uanlc lracliOlt 111 goal. "'i.'lolstUl¢. arid millefal-ln"tter 
free" is cqmvalent .  

metharmtion -- the: productlt~n o f m.-thane tel l . ;  ) lit)in a 
mixture of  ¢arbo;l ltltnlOXlde .gild h.~, dlo~e|l. 

m i c r o n  - a unit ,,l" length equal t ,  o;,~ mill,onth o f  a 
Inctdr. 

natural  gas - natmall.~ :)ccu]ting gas extracted from sed]- 
ment;',~ structures cg,lS:M]ng tnainlX o f  llx¢lhane and 
harm,.- an HtIV to 1.050 Btu per .,,~.andard cubic fool. 

n c n c o k i n  9 - :t coal that does not t'or]n coke tL, Idet 
nt)[nlal cokmg ~;onditions. 

o l e f i n i e  h y d r o c a r b o n  - a class t.q un.~jtt:ratcd h~dtocat- 
bon~ cuntainin,_.' tree ot ]nor:  double l-ond~ and ha~in~ 
the general chemi,:al formula C,It . . , , .  

o p e n  cycle - a Ihermod~namtc power cycle in ~,hieh il:c 
workln~ tlmd pas.m~ d 'rough tile ~::,t,:'l~ onl 3 once and 
15 !lien e,.haustcd to the atmosphere.  

p e r f e c t  gas  - -  ~ c  i d e a l  ga~ .  

p e t r o c h e m i c a l s  - t h o ~  derived fi'om crude oil or natur-'q 
g:ts. or their coal-derived subst~:utes: they include hght 
hydtoca~btms ~uch as butylenc ethalene and propyl. 
erie. the ra~ materials for the prt, duct]on o f  plastics by 
po~t}mer !ration. 

I~enol$ - a gro~? el aromatic cuu~pounds having, the 
hadrox>~ group directly attached to the ben/ene r;ng. 
The) ~i~e the relic!ions o f  alctfllols, forming ,.~ters. 
ethers, and thitmompound$, phenol,, are ~;at~te reacttvc 
than the ben tene  hydrocarbous:  deri,.'¢d ; io,n coal tar. 

pilot p l a n t  - a chemical process planl conxamm,.' all tlle 
processes o f  a commercial unit.  but on a smaller scale. 
for tile purples,: o f  studying the process. 

pipeline gas -- a methane.rich gas that conforms to cerium 
standards and having an t tHV between 050 and 1.050 
Btu 9or standard cubic toot.  Standards include mini- 
mum '~'ater content ,  minimum inert ~ases. minimum 
hydrogen and carbon monoxide cur:tent and co] i f  
pressed to 1.000 psig. 

preeoat  - layer of  ~uitable filtering medium,  e.g.. d~ato- 
maceoui  earth,  laid down on a rotary filter cloth prior 

to t, peration.  
priiling t o ~ e r  - a tower that produces small solid aLl.,Ion,- 

crates by spraying a liquid solution in the top and 
blowing air up from the bo t t om.  

p roce~  development  unit -- a laboratory.-sixed system 
used to s tudy the g-fleets o f  process variables on 
performance.  

p r o x i m a t e  a n a l y s i s  - analysis o f  coal based on the per. 
c e n t e r s  o f  moisture, volatile matter ,  fixed carbon, and 
ash. 

purification -- te']]t)~al o f  the ~ldc  lallL'.t- ol Ilnptzrlllt:-, 
?le:-t.'llt ;!1 #a',.e', IlOttl ...tJ'l ~d',tt'lCatlOl] tO .~,eld l')tlrlI) 

,-'as. See Recite, t,[ proce.',,, 
pyrolysis - lhdllnal det:tlnll'JO~lt]on el ol~alllC ct)nllk)nnd.-. 

ill lh,: ..tb.,.eucc o!  o \~gen  

q u e n c h i n g  - ¢oohll~. b~ nnt]'lel'~lon ip eli or ',:,,ter ball] "..'~r 
.-pin.'.. 

Raney nickel catalyst -- nickel sponge t=.,ed a-', a cataly.~t 
m ~l~e IL~drogenanon of  urge;lie ]nateriab and the 
]!lethal]allen t}f-%'.lithe.M::, g_t..,, to n!et}]all,2. 

raw g a s  - ,ce cr,~dc gas. 
reaet;.vit.u - .-t,.,,.:eptlbfllt.~ Io cilemical change, in coal 

ctln't.cr,~lt)n, tile ],.:acti;]l) t.)l i l l , coa l  l't-r ctlflvers/~.'l It) 
liquid products  is a lunc t io ,  o f  li:¢ MAF w,l:]tiie 
ltla;'ler Cot"'fenl and tile pelrogiaphic conlpuSJtlon Of 
the coal. 

r e a c t o r  - ves~[ in which coal..ct,nversloXi reaction.'; take 
place. 

Rectisol process - a proce.,.-, !~,; the ~,)-r]l'lc~,Itln uf co-]. 
ga~ilieatlon ga.~ ba~ed on the capabil;,t.~ el" cold me!ha. 
nol i,a absorb all ga~ Impurities ,n a ~lpgle step: ,_,as 
naphtha.  ] ,m, turatcd h.~droc-',rbun~. ~ull'ur. I]ydfogen 
sulfide, and caf0on dic-xide are removed l iom ,l:e gas 
stream b.~ tile methanol at tempera'tutus beluw O'C. 

reducing gas -- used as a reducing agent in redox teat- 
trans, e.g.. hydroge~L sup:l l tcated steam. 

r e f o r m i n g  p r o c e s s e s  - a ~it)u;1 o f  proprietary procc,,se.., m 
which low-grade or Io'~ t, molecular weia;nz h_~drocarbons 
arc catalytically reformed to higher grade or higher 
molecul'~r weight materials, als:~ applies to the endu- 
thermi~, rel't~r,mng o f  methane,  for the production of  
hydrt~.,en by the reaction o1 methane and steam in the 
pre.~nce o f  mckel ca!all ,,is. 

re f rac tory  -- a matertal capable o f  withstandin,_' ex'rem-'ly 
high temp,:raturcs and havin, d relatively low therm::l 
conduct!villus. 

r e s i d e n c e  t ime - time ,~pent by a typical particle in a 
r e a c t , m / d u e .  

saturated hydrocarbon - -', hydroc-"rbon ill which all 
bond~ are single covalent bonds  and none are double  
or triple bonds. 

scrubber - apparatus in which a gas stream is freed oF 
tar. amino, in ,  and hydrogen sulfide. 

semi-water gas - a mixture o f  carbon ,nonoxide.  carbon 
dioxide,  hydrogen,  and nitrogen nblained by passing an 
air-stream mixture throu,,.fll an incandescent bed o f  
coke; IIIIV about 120 Btu per standard cubic foot. 

s e n s i b l e  h e a t  - -  that he',t which resulzs in only the eleva- 
lion of  tile temperature o f  z'. substance with no phase 
changes. 

s h i f t  c o n v e r s i o n  - process For the production o f  gas with 
a desired carbon monoxide content  from crude g ~ e s  
derived from coal gasification; c::..rbon monoxide rich 
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]',.If~_ l~i:ttll ~.~.hCil." lhv ,.~:b~,rl if~i, Hl~'~.l~J I~.';I~.IL %Vf[|l 

steam n, produce h~d+,,::~.n and carh,,n Jft,xfd,:. t!,: 
I=u~-r bcfn~ .,~h',.cqucl!tl.'. rcm,,vcd m a x~.ash ~[illi. 1],¢ 
fatfu ~) h}dt'o~cn l,.~ c..ttboll ir'~Hf,.)\ldc :n tilt" prodtfcl 

.uas ~.an bc clran~cd :at ~ill 

sinlering - lhc a~.~Iolilct;,tiltlIi of y.~hd'~ .~I l~Ili~l]Iurc~ 

tIcloW [~ fC l f  fllCilfnL-' ~olnl. U~,UaJ].~ ~,b ~ L, on-,,.'qUCIICC ~)I 

he;at and ?rc~ut~. 

slag - a tool;on m~xtufc o! ~..lll,~Ub metallic ox ide :  and 

sah~. 

slurry - a susl.),:nsvm ~; pul~.cn,'cd ~,ohJ m a liquid. 

s o l v a t i o n  - the assuciatlL~rl o I  c,,Hrl~lftalfoR Of Iltt~iCc;l]C~ 

ol ~OI',cfll Wllll solute ions or nlOlecui,.'~,. 

so lven t  -- that  coznpOllctl!. ~H a solulfon v, luch is p:c~,cnt 

in Cx~.CSS. or whos,., ph>',ical state fs the '~-:JW~¢ aS ih31 
,,: the solut ion.  

so lvent  e x t r a c t i o n  "-- ~lccl ivc lral]Stct o1 dcgltC&J ~c~:l 

~on~titucnt~ lluql l'mel,, di~fded coal part~clc~, into a 

>uflablc ';ol:Cnl alter infuriate mixin,...,, usuall~ at l::glr 

ICIlIp~;IaIuIC~ " 'n ( l  ~f~,bUlCb in the prcscni,,: t)t h. ' ,dw- 

~:cn, ~sith of ",~.ithuuI 3 cata!yst, followed h.', ph.:;c 

S,:par :]: toil. 

S o l v e n t  R e f i n ~ d  C 0 a l  i S R C ~  - a ~.,,:d . ' \ t f ' , c t  J c r w . . ' ~  b;, 

~Jlvcn[ c \ t ra~ l lun:  a brlltl¢, vltr~vu~ ~.[fd (M P. _ROO ~ l 

to 400- F) conlafP.ill~ abvut  0 . |  pcrccn,  a~h and ab~)Lfi 

10 pcr~CTfl of I!1C ~,ultur Ill the orl~.tnal ~o;![ leed',Iock: 
calor;l]c value ts abouI l(",.O00 Btu per p, mnd. %Ia} bc 
r,:,ed a', a clean fuel for pov.'el gcncial~un b} combus- 
t ion: atili/c'A for the p ruJuc t ion  o t  high-g':adc mcc£ .  

lurgical cvkc. anode carbon,  and ac~watcd carbon  b). 

c o k i t l ~ ,  or  h,.dro~cnatcd to p roduce  s)nri~egfc crude 
,..ul 

:.pace velocity -- the vulun',c ol  a fluid (usually measured  

a~ s landatd :ondi t ions)  passin:~ th rough  ", urrf| x~.hnnc 

In a urn[ l tmc:  unit.,, arc in re.-~pr*acal t ime. 

~ a n d a r c  cubic too t  ISCFI - the' volunlc of a ~aS ;..It 

~tJf:G~.'.1 c,mdIUu.n.,, ,.q Icm~raturc  and pressure. The 
.A-'~Icric;.m (.;as ..~,:~t~,LiaI.lul'~ usc,~ n~oisturc.I'rc¢ ~as at 

(:(~ F and 30 mchcs o f  mercur.~ ( I .0037  a im) ."-s ilS 

.,'andard c , m d m o n s .  The pressure slandard is m,:  uni, 'cr- 

.¢,.11 in fl.c gas !nd,,s~ry: 14.7 psia ; ! . 0 0 0  a ; m ) a n d  14.4 

psfa (O.O,,,O a im)  arc ,l::o us,:~ The sci,:nut]c com:uuni tx  
usc.~ 3"=' F and I ainl ai standard condition.-,. 

~ o i c h i o m e t r y  -- the dcl]nite prop~.~rttuns ill V~hlci: mole- 

cules react chcnticall.', to !brm new molecules.  

strippfng - ~hc ret:=o":~I u( I!'C tllur-a ;o'~lII:. ~ u t ; ~ ; r = ¢ [ . I  ". 

subbi tomer. : |u$ coal - -  IPC r '  C.I'. :~1 ~.~,JI ~C1"~ '~  ~. ~ItETltf" 

m,t:s :UIJ h~IrA~', da~r:-'cd t'> ASTM .:,- Ir, v,r~ i r:n.,.:.~. 

vt hc~'.rr.= xalue~ h~:~.c~-n S.3LX) and !I.OOG B'~ For 

poUqJ ~)ll ~., I:lOl,,t fltlnetil)-..'rlCc!.II'c~ ,'~as]~,, 

substitute m~tural gas ~ 5 N G  I - a syn:Sctm~ ,=~ con "t~: : f :n~  

~, natura~ :Ca', ~landarc~. 
superficial ,.el~fit~ - the ]tricot ~.":lu,.~". of  ", fiuld | :-~rnL-' 

Ihfou~); a bed ol ~uhd path:l::', c',[¢u|-,tc,.- ~ a:. I'. 'uu;:h 
the pat:,,.']c,, ~ct¢  not prc.~nt. 

s u p e r h e a t e r  - a hcJt cx~ha']~¢~ ~Inc!: adds-, heat ;,~ 11.c 

• ~ :u t a t cd  stc~:n Icavin~ a bu=h:: 

syncrude -- b.~111!~¢1iC Crude o; i :  off. p r~ug~ 'J  b~ if',c 

iL~dro~¢naiiun =,l coal or oaa; e>.lrJCt.~ v,'hlcn l~ ~l;r,i~:: 

IU p ¢ l f ' ~ l l , : U l l l  ~:rud¢. 

synl.hes~s gas - -  a f::L\'.ur,: u l  ~'-d;L'~ZCII Ltr~J ,~ fbon Hun- 

.,x)dc ~hich can b,: te~ct,d i , . ,  S~:lthC~IZJ a hv~'.,:.  
ca.'bon. 

tail gas - -  a :,Js fssuln~ troI~t a ea~-tTcal .~c."d un i t  ~.hf,:!: 

,na.~ bc ,ccyclcd to the p' acc~ ot exhaust..'d 

tar Icual l  - j d:rrk bro~.n Jr bla:k .  , . i~ous. cu.m~w~hb:,: 

itqmd turm~d ~> "he dc:.;ructi~c ~i.~tU!a,r,m of  c~f:d. 

t h e r m  -- ~ unz'[ o!" hca: used a::, a b'~s: '.. k,~ the ..,;.tic ,.L' 

na:ural ~a~. eqf .a l  t o  I00.000 Btu 

topping ¢' tde -- the hl~hct l en t~ ta ;u r¢  ~hcrrnc~; l=: , t i ,  

po~.cr , : ) t ie  o t a  C~; l ! l~ i t tC~-~% C':C s}$t¢In 

t u r n e d  d o w n  - tltc r.~:du,:tfon u! reactor fiov. f-' , i¢: L~, a 

t]uid~/~d-bej fca,~tiL;n ~eS.~! 

ul t imate ana ivs i=  - -  lhc aw,tx~is o :  cu:,l b2~,:.~ ,.,n ~:c 

~~r,crta~cs ot  Cl:cn~rc3i clC:l!Cntt, 

vola t i le  r n a ~ e r  - ; Im~c cun.', lJtucni~, ol- , :oa t  ¢\c!~L~l~c ,, l  

moisture, tha, are hbc~a!C~ f rom a SJt l l~J]C '~,~!'~*:,f h~': ' .L"~. 
- -  ¢ - 

weber gl~ -- ~:a.'. produced b', tnc rca,~tr.)n or" -~tS,.rx ~:.j 

;t¢:Jtn to provl~c r t l i x tu r~  o f  car~0n mon,a , , i~  :.~L. 

]b J ' u ~ c n :  str.lii~r to ~ynthesis ~as. 
we';e: ~ shif t  -- the reaction b~l'ACcn ~:q..'. ,.:,.:or a:~,] 

.J rhon monox lJc  to  produce h}~ro~¢r, anJ c~-bwl 

dlo \ idc  or the rcvcr.,,e: CO * H : O  : I t :  + C O :  
wmrking f l u i d  - a ,='a:, '~trca:'t ,,~,l,ich dite,:tl> de,as worl : .  

c ; . pnw,'r i%, ", :_,as turbine 
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