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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any

agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or

imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and

Technical Information, 175 Oak Ridge Tumpike, Oak Ridge, TH 37831; prices
available at (615) 576-8401.

Available to the public from the Hational Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161; phone
orders accepted at (703) 487-4650.
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EXECUTIVE SUMMARY

Installationof a continuouscoke pilotplant started inthe secondquarter of ]994.
Ten of 14majorcomponentshave been set. The remainingfour are on order. Star]up
is scheduledfor late September, ]994.

Eighttest runswere completedinthe continuousmildgasificationunit(CMGU).
These were short test runsto evaluate repairworkor to demonstratethe PDU. Efforts
continuedto obtainfinancingfor a commercialunit.
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INTRODUCTION

Petroleumcurrentlyaccountsfor over 42%of the total energy consumptionin the
UnitedStates; over40% of the petroleumconsumedin the UnitedStates is imported
from foreigncountries.The remainingoil reserveavailablein the UnitedStates is less
than 6% of proven recoverablefossil energy reserveswhile over 90% of the proven
recoverable reserves are coal (l).. Total coal resources in the United States are
estimatedto be morethan 3.9 trilliontons (2). Justthe demonstratedreserves,that is,
the depositsthatare provenandcan be economicallyminedusingtoday'stechnologies
and miningtechniquesamountto 488 billiontons. At an annual productionrate of 900
milliontons per year, the demonstratedreserves alone will last more than 500 years.
In view of the very abundantcoal reserves and limitedpetroleumreserves, it would
seem prudentto make good use of coal in our evermore difficultpursuitof energy
independence.

Devisinga continuousreactorsystemthatcan delivera goodqualityco-products
whichrequireonly minimalupgradingbefore being marketedis a majorchallenge. At
present,mildgasificationreactor configurationstend to fall into two broad categories:
circulatingorfluidizedbedtypescharacterizedbyhighheatingrates(upto tO,000°C per
second,or fixedor movingbedtypescharacterizedby slow(on the orderof 0.2 to 0.5°C
per second)heatingrates. Circulatingor fluidized-bedtypesproducehigh iiquidyields
at the expenseof quality. Fixedor moving-bedtypesproducebetterqualityliquidsbut
in lesser quantities, An optimum reactor is envisionedas one which avoids the
secondary reactions associated with slow heating rates and the quality problems
associatedwithhighheatingrates. Importantly,an optimumreactorwouldbe capable
of processinghighlycakingcoals. The reactorconceptunder investigationinthiseffort
is an advancedderivativeof a reactoronce used in priorcommercialpracticewhich
approachesthe characteristicsof an optimumreactor.

It is importantthata mildgasificationreactorinterfaceeasilywiththe subsequent
product upgradingsteps in which the market value of the products is enhanced.
Upgradingand marketingof the char are critical to the overalleconomicsof a mild
gasificationplant becausechar is the major product (65 to 75% of the coal feedstock).
In the past, the char product was sold as a "smokeless" fuel, but in today's competitive
markets the best price for char as a fuel for steam generation would be that of the
parent coal. Substantially higher prices could be obtained for char upgraded into
products suchas metallurgical coke, graphite, carbon electrode feedstock or a slurry fuel

.Numbers in parentheses indicate the reference listedat the end of this report.



replacementforNo.6fueloil.Inthiseffort,upgradingtechniquesarebeingdeveloped
toaddressthesepremiummarkets.Liquidproductscansimilarlybeupgradedtohigh
marketvalueproductssuchashigh-densityfuel,chemicals,bindersforformcoke,and
alsogasolineanddieselblendingstocks.Abouthalfofthenon-condensiblefuelgases
producedbythegasificationprocesswillberequiredtooperatetheprocess;theunused
portioncouldbe upgradedintovalue-addedproductsorusedasfueleitherinternally
orin'acrossthefence'sales.

Theprimaryobjectiveofthisprojectistodevelopan advancedcontinuousmild
gasificationprocessandproductupgradingprocesseswhichwillbecapableofeventual
commercialization.Theprogramconsistsoffourtasks.Task1isa literaturesurveyof
mildgasificationprocessesand productupgradingmethodsand alsoa market
assessmentofmarketsformildgasificationproducts.Basedon theliteraturesurvey,
a mildgasificationprocessand charupgradingmethodwillbe identifiedforfurther
development.Task2 isa bench-scaleinvestigationofmildgasificationtogenerate
designdataforalargerscalereactor.Task3isabench-scalestudyofcharupgrading
tovalueaddedproducts.Task4 isbeingimplementedbybuildingandoperatinga
1000-poundperhourdemonstrationfacility.Task4 alsoincludesa technicaland
economicevaluationbasedon theperformanceofthemildgasificationdemonstration
facility.
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TASK 1. LITERATURE SURVEYS AND MARKET ASSESSMENT_

Oblective

The objectivesof thisTask are: (1) to identifythe mostsuitablecontinuousmild
gasificationreactorsystemforconductingbench-scale mildgasificationstudies;(2) to
identify the most feasible chemical or physical methods to upgrade the char,
condensiblesand gas producedfrom mildgasificationintohighprofitendproducts;and
(3) to assessthe potentialmarketsfor the upgradedproductsfrom thisprocess.

Summary

Thistaskwas completedandthe TopicalReportwas submittedandapprovedby
the DOE inJanuary 1988(3).

TASK 2. BENCH-SCALE MILD GASIFICATION STUDY

Objective

The objectiveof Task 2 is to studymildgasificationin bench-scale reactor(s)to
obtainthe necessarydata forproperdesignof the one ton/hourmildgasificationscrew
reactorinTask 4.

Summary

After much consideration,it was concludedthat it would not be necessaryor
desirableto builda bench-scale reactor. Instead,data andexperiencefrom Dr. David
Camp'ssinglescrewreactorat LawrenceLivermoreNationalLaboratoryprovidedmuch
useful informationfor the design of the reactor for this project. In addition, the
informationavailable from the literatureon the eight years of operationof the Hayes
processat Moundsville,West Virginiaand the earlier Lauck'sscrew reactorsupplied
valuableprocessdesigndata.

TASK 3: BENCH SCALE CHAR UPGRADING STUDY

Installationof the continuouscoke pilot plant started in the second quarter of
1994. Almost ell components of the pilot plant are used pieces of equipment.
Modificationsand repairsare requiredto providea continuoussystemto produce500
to '700poundsperhourof formedcoke. Ten of 14majorpiecesof equipmenthave been
set includingthe three largestcomponents,the briquetter,curingcalciner,and high
temperaturekiln. Remainingequipmenton order include: two screw conveyors,the
briquetterconveyor,and the cokecooler. Startupof the pilotplantis scheduledfor late
September 1994.
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TASK 4. 1000 LB/HR CONTINUOUS MILD GASIFICATION UNIT (CMGU)

Duringthe secondquarterof 1994,eighttest runswere completed. These test
runswere of shortdurationwitha maximumof 3.5hours• Test runswere performedto
demonstratethe PDU as part of the effortsto obtainfinancingof a commercialplantor
to checkoutrepairs to the CMGU. The CMGU continuesto operate withoutmajor
problems. The newspraycontactcondensersystemhas performedwell. Priorityhas
been givento constructionof the continuouscoke PDU.

f

GlennW. O'Neal
Project Manager
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