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F] :OM THE DIRECTOR
. I Ii' I mlllll I I

T_is issue of the PETC Rtn,ivw features a technology we consider to be of

central irnlmrtaru;e to the present and future utilization of coal: _::oalprepm'alion.

Part mineral separation, part physics and chemistry, and more than just a little
engineering, the art and science of coal preparation is not new to PETC, ()ur

roots in the technology go back |o the 1920s, decades before we became part

of the U.S, Department of Energy (DOE), when "King Coar' was meeting more

than half of the nation's energy needs. As researchers within the Bureau of

Mines, we collaborated closely with the mining industry to seek ways to make

coal a more markelable end-product, one thai would be cleaner and, therefore,

easier to transporl and use,

The Federal government's interest in coal preparation has continued more or

less unabated for over 50 years and is now focused in DOE's Coal Preparation

Program. As stated in our lead arlicle, "Coal Preparation: The Foundation for

Modern Coal Use," we believe coal preparation is an

enabling technology thal supports the entire spectrum

of coal use by transforming as-mined coal inlo a higher-

value product thal can meel present and future cusLomer

specifications. Confinned Federal support for the Coal

lh'eparation Program stems ft'mn the convi('tioL_ lhat

this technology will help us meet the growing energy

needs of our (tolneslic e(:onorny through the expanded

use of clean (:()als and will lead to the production of

premium coals and foal-derived fue)s that will euhance

the export polential and value of tj,S, coals,

Over the years, the einphasis of the Coal Preparation

Program has changed to reflect the needs of the nation

and the coal industry, For example, through the 1970s,

the Federal program fun(:tioned largely to assist the coal

induslry by characterizing Ihe cleaning potential of

various coals and the performance of commercial coal-

Sun W, Chun cleaning devices, Dm'ing these years, tlm goal was to

provide technical inforn_ation to an industry that continued t()be very much

preoccupied with retaining production levels in the face of increasing

co m petition tYom pet rol eu m and na rural gas and the challenge of com plying

wil h n(_w regulati()ns (:overing safety, health, and the environment. When the

Federal Coal Preparation l_regram was transferred to the new DOE, the

program igoals were shified toward longer-range, higher-risk developme, nt

a(.:tivities. Eml)hasis was given lo advanced lnethods for deep (.:leaning coal,

i_rimarily for the removal of sult'ur. During the early 1980s, the progranl

invested in a broad range of advanced technologie,; and was able to identify
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a number of highly promising approaches for deeply cleaning coal. As we

approacht:d the mid-1980s, some proiound changes in how people regarded

the physical envir(_um_ent were beginning iv take hold not only in the United

States but throughout the industrialized world. It soon became clear thai this

thinking would influence the direction of national policy and would likely

result in legislation that would affect the way we use coal in the future. To
better prepare for that future, a major new element, the Acid Rain Control

initiative, was added to the Coal Preparation Program in early 1988.

Specifically, this initiative responded to the then-pending passage of acid
rain legislation that is now incorporated in the Clean Air Act Amendments
of 1990.

In 1992, the Coal Preparation F'rogram will strive to buiht on the technical
progress of the initiative and lo strengthen PETC's traditional close support

oi'the near-term concerns of the coal and oval preparation industries (see t'irsl

article). WE plan to initiate two major efforts. Two solicitations (, hich will

result in a mmlber of contracts) will be awarded for High-Efficiency Prepara lion,

an effort that inw)lves the development and testing of innowltive, near-term

process operations associated with cleaning, handling, and delivering coal

fines. PETC's Coal Preparation Process Research Facility is now coming on

line; its first major mission will be iv prvvide industry with tesi facilities in

suplmrt of the High-Efficiency Preparation activities. In addition, one or more

awards will be made tbr Premium Fuel Apl31ications, a 5-year el'for{ to

establish design bases on prototype commercial processes for producing

ultra-clean coals that can be substituted foroil in several diverse applications

and that can serve a,; feedstocks for advanced pulverized-coal systems,

Over the next year, PETC will be working hard to strengthen the cooperation

between the FEderal government and the coal and coal preparation industries.

We believe thai our efforts will help ensure that the fllture expansion of coal

use --. the more than doubling vf U,S. coal COl_tsumption Iv 2 billion Ions/year

by 2O3O that is forecast in the National E_Tergy Strategy-- will be realized.

This issue rf tlm PETC Review als() includes articles describing I:'ETC's Coal

Preparation Process Research Facility, the Advanced Flue (;as I)esulfurization

project being conducted under the Clean Coal Technology Program, and

PETC's Science Oulrea('h Program,

I hope you find this issue of the PETC Review informative and thai you share

my belief thai the le{:hnologies and activities we are purstfing will continue

to shape a more secure energy future.

Director

,, • ........ ,.,,,, ........ ,Iii, _,l ,
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COAL PREPARATION:
THE FOI_.JNDATIONFOR
MODERN COAI USE

' future applicaticms of coal. This article introduces

l)()E's Coal Pre,paration Program. En'tphasis is cm the

. . key c.:onsiderations thal drive public: investment ill

, _,_ research and technology development ctirecled at
" advanc:ed l:n'ot.:esses for cleaning coal. The bat;k-

ground for lhis discussion is the history of coal

preparati(m technoh)gies, the currenl state of the
industry, anct the, impact of the Clean Air Act
Amm_thnenls of 19,q0.

., %,,
• ':. ', ..t,

_), Development History
.,,. ',,, ;,_, _ --

...., R, w(a,_-mirm(l)coal (:()nlains mineral impurilit::s

!. ,..... i_¢ thai, upon (:omL)ustion, ttr(; transforme, d to asta or
airborne emissions ()t' sulfur oxides (St)x). Coal

l)reparation involves those processes that (.:onv(-,'rl
raw coal Io ta more marketable, shippabh, _produ('t.

These processes can [)e grouped into two broad
._ class(,_s: sizing and cle,aning. (;leaning is the primary

focus of l)()E's Coal Preparalion Program. Roughly half

(,,t'the I)iluminous c:oal currently mined in tlm United

Slates is sent tc) prcq)aralion l)lants lhat inc:ludo some

form of coal cleaning. At these, pr(;paration plaids, c:oal

" :'/" is i.)rocessed into a hil,,lam'..value l)roduct thai meets

c:usiomer Sl)et:ificalions. As su(:h, a ('oal pr(;paralioll

R P. Killmeyer (left) a groul) leader in the Coal Preparation Division plant is analogous tc)an oil refinery in thai bolh
explains the capabilities of PETC's new Coal Preparation Process re,cool-,e,raw procluc.:ls and c.:onw.n'lthem lo useful fuels,
Research Facility to DOE Secretary James D. Watkins via a scale
model while touring the facility, The new facility reaffirms PETC's tlnlil fairly re,totally, the, history of coal px'et)aralion
commitment to development and testing of innovative process Ims t)(:;endriven by lhc-;need lc) redtu:e, lhc level of

operations, minm'al impurili(-;s in coal to me,el ()l)(-,'raling

Sl)e,cifications of (.:oal-fir(-_dequilmmnt. In tlm Unih;d

In lhc U,S. l)eparlmenl ot' Energy's (1)()E's) coal Slates, this history starle, d soon after tlm beginning ot'

rt-;S(ml't:ll anti (le.ve,lol)m(;nl (RNI))l)rogram, coal signitit:anl (:ommert:ial coal mining in [l-m (.ml'ly

l)rt.:l)aralion holds a uni(lu(; l_osition. Coal pre, pnr;_ti(m nint;le, enlh cenlut"y. Thf; (;arli(._sl forms o1'(:cml
is the _mcfl)ling h_(:hn¢)h_gy, se,rving as the t'oundati(m l)rtq.)aralion involved hand sorting Io rt.;m()vc;(:oars(;

for (:t)al use a(:r()ss flat; full Sl)ech'um of (:llrrenl and shale, limest(me, all(l (:lay (see FiguL'(_1 ). Hand sorling
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til CleanCoal '_ Mineral Matter (Refuse) _ FineAir Bubbles _ CleanCoalFroth I

Figure 4. Froth flotation is a process for cleaning fine coal in which the coal, with the aid of a reagent,
becomes attached to air bubbles in the water and rises to the top where it is skimmed off.

The State of the Industry
I

However, the industry's problems with coal fines
Today, the coal preparation ii_dustI'y has a suite of exte,nd beyond just the cleaning l:,rocess. Ali
technologies available thai can efficiently and commercial processes for cleariirig coal fines involve

economically clean coarse and intermediate-size suspending the coal fines in water. Within the coal
bituminous coal, However, because of the relatively pret)aration industry, the general consensus
high cost, the pro(:essing arid handling of coal fines regarding coal fines is thai teclmology is not
remain l)roblenmtic. Conventional froth flotation is availaMe for economically dewateririg; tllermal
more expensive than is coarse coal (:leaning and is drying; handling, storing, and delivering dry
limited by the extent to whi(:h mineral impurities (:ai] t)owdered fines; or reconstituting the (:()al ['intJs into
be removed without excessive losses of combustible larger sizes (e.g., briquettes or pellets). 13e(:auseof
values. Recently, an advanced coal froth flotation this technology gap, c,.mmaercial coal mining and
le.chnology--colunm froth flotation (see Micro(el*:' preparation operations attempt to minimize the

Ilighlight in PETC Heviow Issue 4 and production of (:()tilfines. Sl)(;cit'i(:tllly, almost ali coal
Figure 5. Update irt this issue)---has been (:leaned in the United States is crushed to a t()lJsize
Air Micro.- introduced irlIo commercial use oi' not h!;ss than 2 inches because any further
bubble :)_.:...(see Figure (-i),Altllough only crushing would result in a greater proportion of coal
with Coal Ti!i, a few units are now in fines, wilh attendarit processing and deliveryParticles.

commer(zial service, this l.)roblems. ]3yminimiziilg crushing operations (tin'ing

te(;hnology apt)ears to be ('oal pre.paration, the (:learie(l, wet (:oal fines can
gaining industry acC:el)- of'leri be t:on]tJilmdwith l.he plant's coarsecoal
lance as a more efficient oulput to yield a c,onll)in(;(I pro(lu(:l with ai] ov(Jral]
method of' l'e(;OVel'iilg size and moisl tll'(_level satisf'aclory h:)C,L1sIonlI-WS

_.a cm'nliuslible, values pr(-;l)aredlc)ti(:(.:(_])lshil)merlls 01' lump coal
from coal fines. (2..iric;htop size).

' '11_ '' '_ ' Illi "li]Iii II 'llll Iii_ , '_ li "'
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I1l spite oi' tllese technological limitations, it is not (St):,.) ft'mn coal firing is recognized as a major

unconunon for coal preparation plants to receive component of the total acid rain precursors emitted
as-mined bituminous coal with ash cot|tents between in the United States. The Clean Air Act Amendments

20 and 40% and to produce a cleaned product witb oi' 1990 require reductions in annual emissions of

an ash content of belween 8 and 12%, Of lhr sulfur SO,., to 10 million tons below 1980 levels by the year

in coal, between 35 and 65% is generally associated 2000.13eyond 2000, SO 2 emissions will be capped at

with mineral impurities. Therefore, reducing mineral year 2000 levels, regardless of the amount of coal

impurities also reduces sulfu.r levels by between used in the United States.

20 ar|d 40%, depending on lhr type of coal delivered

to the plant. 'rhr sulfur in coal that is not associated Tlm first phase of elnission reductions is scheduled
with mineral in)purities is generally bonded tc) the for 1995 and will directly affect operations of coal-

organic coal matrix. This sulfur is not an)enable to fired boilers Ioc,ated at 110 electric generating

removal by physical processes a11d must be cleaned stations. Beginning in the year 2000, the Act's

using much mo]'e forceful processes (e.g., by reaction provisions for SO 2 emissions reduction will extend to
wtrh chemical lcagcnt,'_':_ s). ali existing coal-fired utility, boilers. Implementatim]

will be ft-|rough a new market-oriented emission

The cleaning methods described thus t'ar apply mainly allowance systeln. Basically, each coal-fired boiler
to bituminous coal, which is lhr dominanl coal lyre

found in the eastern and central regions of the United Wash Waterr,_, ..............._,:.:,,,,,.:.., ,_.."Coal/Water
Stales. In the West, the dominant types are subbitu- Feed Slurry

ruinous coals and light]es. As lnined, these western
0¢" , .

coals contain fairly high levels of the alkali metals _) _.J L;
sodium and potassium wb.ich affect the physical _ _"i';_', !:;i:;.@

and chen]ical properties of tlm coal ash, As a result, _"*'_i ;'
Froth(Cleaner)

boilers using these coals are specially designed to i _.,_ _'_,_avoid serious ash-related equipment malfunctions, i k,_ ......'__
In addition, western coals also contaill high levels Clean Coal ......................
of moisture--30% is not uncommon--which add to _'

transportation costs. On the positive side, subbitu- _) _:,

ruinous coals and light]es generally contain much (_' _;. _;:_ Pulp [Rougher)

lower levels of sulfur than do typical bituminous coals. _;) _; _,;'
Currently, acceptable commercial technology is not .,

aw:|ilable, for reducing either alkali metal or moisture _ _3 ('_ Air

,...:-:._ ...... "_:. "_ ..........levels in subbitt'nfinous coals and iigniles. For moisture _, ..... :% "". ................... .

reduction, trromising technology may soon be available. _;;
lt) particular, DC)I£s Clean Coal Technology Program _)
includes two projerts for commercial plants to reduce Aeration System _;

(Scavenger)
moislure. Alkali metal reduction is another issue. In

both st|bbitulninous coals and ligrdtes, most of the

.1'.alkali metal in]t:ml'ities are chemically bonded tc) tlm ................................................
organic (.:()al matrix. Just as the sulfur that is chemically Frother

bO1.] [1(.1 I0the organic coal matrix is not amenable to re-

n,oval by physical processes, the applicalion of physical

coal cleaning methods is unable to reduce significantly
the alkali )neta] coJmentratio.ns in weslern coals.

Refuse
The Clean Air Act Amendments of 1990

Figure 6, Column flotation is an advar, ced form of
froth flotation (compare Figure 4)in which the

: In1990, the United Status witnessed a major str t) cleaning is performed in a tall column, and generally
--- torward in ils colllll]ilmelH t(.._('leal-I air, We have a involves a deep froth layer, quiescent conditions and

]]ew (;leall Air Act that requires large redtwlions in countercurrent wash water for producing a cleaner
emissions of acid rain prectlrsors, Sult'ur dioxide froth, and may also entail the use of finer bubbles.

. 7
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will be allocated an allowance to emit a given tonnage industry during lhe 1990s and the early years oi' the

of SO2 almually. Most iml:ortantly, these (smission laext century. The coal preparation industry has st.) tar

allowances will be marketable. Ii'an electric utility taken great pains to minimize the occurrem;e o['coal

can exceed its reductiorl target and holds unused t'ines. Because of the Clean Air Act Amendments of
allowan,;es, these allowances may be sold to other 1990, the industry is now seriously ewduating options
utility companies. The selling price for emission for deeper sulfur removal.
allowances will be determined by market forces_
supply and demand, Currently, speculation is that As a consequence oi' DOE's continuing support of coal
allowances will initially be trading at between $300 preparalion R&D, advancetl technologies are available
and $500 per ton of SO2 and will rise to more than ['or cleaning coal fines. These tetzhnologies include
$1,000 per ton of SO2 after the yem' 2000, column froth flotation, which has already seen limited

commercial application, and advanced dense-medium
The Clean Air Act Amendments of 1990 will cause systems, As mentioned earlier, the industry's problems

many existing coal-fired utility boilers to be retrot'itted with coal fines extend beyond just the cleaning process,
with flue gas desulfurization systems. However, the To date, the I)Ol_ R&I3program has primarily focused
economical option for many operators will be to on advanced cleaning operations, 13asedon inputs
switch to lower-sulfur coals and/or to purchase received from industry, we have expanded the scope
emission allowances. For boilers without flue gas of our R&Dprogram to include the development and
desull'urization, lower.-sult'ur coals will carry a testing of near-term alsproaches for process control;
considerable economic premium. For example, dewatering: thermal drying; a11dhandling, storing,
ernission allowances trading at $500 per ton of SO:, and delivering coal fines.
correst)ond to a $10-per-ton-ot:coal premium for each

percentage point less of sulfur contained in the

delivered coal. This means that a '1%sulfur coal will Evolving Toward
command a price that is $10/ton higher than a 2% Efficient Coal Cleaning
sulfur coal, ali other coal properties being identical.

For the U.S. coal t)reparation industry, the T-m near-term goal of the DOE C'oal Preparation

implications oi' marketable emission allowances are Program is to provide the U.S. coal preparation industry
profound. Traditionally, coal preparation has been with technology that can foster the indusiry's evolution
targeted at removing lnineral impurities for tlm toward deeper and more efl'icient coal cleaning. The
purposes of preparing a lower-ash coal with improved chances of success are high. We can identify a nunfl.)er
combustion properties. In the cleaning process, of promising near-term al)l)roaches that olTer economic
sult'ur levels were moderately reduced. Until now, and efficient means of processing coal fines. The
sulfur reduction has generally been viewecl as a benefits of success are considerable, Progressively
desirable, but not essential, side benefit of coal deeper coal prep_lration represenls a very economical

cleaning, The Clean Air Act Amendments of lq90 alternative for boiler operators who choose not to buihl
now provide a strong economic motivation for a flue gas treatment system, Our sludies have also
enhanced sulfur removal during coal preparation, shown that combining coal l)reparation and the newly

emerging duc:t injection systems (see Issue 1 of the PETC
The teclmical means ot' economically achieving more Hoviow) is an economically attractive al)preach for
extensive sull'ur removal during coal preparation are meeting sulfur-redtJctior_ goals. As the stflfur-reduction
well understood, l::tlnclamentally, greater liberation of goals of the (;lean Air Act Amendmenls of _1990are
mineral impurities occurs as the size;of the coal feed itnplemelated, efficient coal preparation will allow boiler
is reduced. Instead of cleaning coal thai is at a top operators to continue to rely on their traditional sources

size of over2 inches, the coal preparation industry of coal, thereby alleviating disruptions in t:oal supply
will need to shift towards more extensive size patterns, especially in the easl(,_rnI:)ortion of tlm hallo.n,

reduction, Including additional size reduction
capabililies within coal preparation plants is ta 13eyola(IIhe man(late of ii-le Clean Air Act Amentllnents
relatively low-cost mea,_;ure.However, more extensive t3t'1990, more efficient coal cleaning offers sigrlificant
crushing and seleclive grin(ling will cause a signit'i- elaviromnenlal and et:on(Jmi(: b(_laefits. In many existing
cant increase in lhc level of coal t'i_lesthai inust be coal preparalioia planls, coal [ines are simply being

l)roc:essed and delivered tc)customers. This is the dist:arded as waste, lnlprt)ved technolt)gy for pro(:t:'.ssing
major challenge fa(sing tlm U,S, coal t)reparatiorl (:pal fines will make this I)raciit:e e(:t)nt)mic:ally obsolete,
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viol(ling grealer re,cove,ry of t:t:)mt:msliblecoal, reducing directed al reducing tl_e cost inveslrnerll risks, and
solid refuse, and improving ft-letotal e,fl'iciency of environmental impact_ of producing liquid l'uels and
mining and delivering coal, More extensive sulftlr liquid fuel sl.lbs[J[1.1lest'roll,lcotll, ()ur elT(n'lsare
removal means more extensive removal of ali mineral conlained in two major prograrus managed al. IT,TC:
impurities found in coal. Bv further reducing mineral the Coal Liquefaction Program (see Issues 3 and 4 of
impurities, deeper coal preparation will yieht a fuel the PETC Revierv)_md the Alteruativ_,, l-,'ue,ls t:)rogrmu,
with irnlm:)ved c:o]nbtlstion properties and less ash, For In both programs, coal preparation serves as an

boiler ol}erators, IMs means improved boiler efficiency, imporlant enabling lechnoh_gy.
:'educed maintenance, costs, amt less ash refuse, These

benefils, combiued wilh lower sulfur levels, also Coal Liquefaction
increase lhe competitive stature of U.S, coals in lhe
inlel'national markel [or coal exports, In lhc Coal Liquel'acli{m Progrtlm, our l'octls is on

deveh)l}ir_g transportation fuels that have ali the

We are also (:(:,operating with the U,S. Environmental qualities of high-grade petroleum [uels, Ii,laddition to
Protecliou Agency and the ele,ch'ic: utility industry to converting solid coal lo a liquid fuel, a viable coal
improve our understanding of airborue toxic enfissious liquefaction l)rocess ll-ll.lSlbe aMe to achieve nearly
from (:oal firing. Meanwhile, the evolution oi' the, coal complete removal of mineral and sulfur impurilies.
prelmration industry towards de,eper and more etTirient Durirlg the, 1970s, direct liquefaction research centered
rleaning is certainly a step i1_the right direction and is on process concepts calm[fie of using uncleaned, as-
consistent with the commitmertt established in the mined coal. During the 1980s, engineering analyses

Clean Air Act Amendments of ;1990 for addressing air- and experimental research indicated that signit'icant
borne toxic emissions. By removing greater amounts of cosl savings and improvements would result from
mineral irnpurities .fi'ornreal, coal preparatiorl will also processes thai integrate deep coal preparation with

direct lique[action. ()lle inleresling systemsreduce the trace amounts of toxic metals (e.g., rnercury
and cadmium) flaal are associaled with mineral integratior_ concept involves the use of tacoal cleaning

impurities, system that produces two products" (1)an extremely
low-asia clean coal for use as a licluefactiou feedstock
and (2) a moderate-ash product that could be usetl as

Petroleum Alternatives ,_gasification fee(lsluck lo produce the hydrogen
required by the liquefaction process.

Another highly pmnaising apln'oach buihls cm the
A,l irnl)ortant contpenelat of the National lJ'ne;'gy Coal Preparation lh'ogram's wtn'k in selective
Struteg)., is the development of tdternative, fuels to agglomeration, wlrich is an advan('ed teclmique l'or
reduce the dependence of our nation on oil, deep (,:oalcleaning (see Figure 7). One al)proachl to
T(:,wardslhis end, DOE continues to support R&D aggh)meraiion involves adding a signil'i(:anl 81l-lOllil[()1'

[i

Oil_ r __.___ _

"\ /-

oA _ Qo o • I,.'_',_ !-,_._1._-I•- t ,..i, ".'-,,:-...DII,-,0o 0 %1
• o .,o M-o ,..,v.,I C0a,

o.©
............ Illl _ __ " . i _ [1 o-- ,,-.., OO

Cb
Mineral Matter Refuse

Figure 7. In a selective agglomeration process, feed coal is mixed in water, and then an agglomerating agent is added. The
suspension is agitated vigorously, causing the coal particles to cluster.. The agglomerated coal particles and rnineral matter
remain dispersed in the water. The coal agglomerates are then separated from the mineral matter, generally by screening
or flotation,

9
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agglomerating oil. In a plant that uses this approacla, small amounts of additives. Stability and ease ot'

the agglorneration step might l)e followed by a second handling have been (temonstrated at coal-water ratios

step that would recover the oil from the clean coal. exceeding 7()% coal by weight. 'rhrot@l small- and

Howew.',r, when integrated with direct (:oal liclu(,'- hsrge-scale combustion tests, we have identit'ied devel-

faction, this costly second step can be completely opment measures needed 1o make coal-water fuels an

eliminated because the first t)rocess step in direct economical and environmentally sound alternative

liquefaction invoh, es shm'ying coal in a process- to No. 6 fuel oil. Nolably, these developnmnt needs

derived solvent. This slurry serves as the feedstock for include demonstratit)g the viability ot' prbducing very

tlm liquefaction process. The same process-derived low-asia, low-sulfur coals for use as feedstocks for

solvent used in direct liquefaction can be usect as a coal-water mixtures. Tiffs past November, PETC's

highly effective agglomerating oil in a selective Coal Preparation Program solicite(t proposals from

agglomeration process. The resulting clean coal industry for IMs purpose, These proposals are now

agglomerates, along with the agglomerating oil, can be under evaluation.

fed to the direct liquefaction process without the need

for oil recovery. Over the longer term, our efforts are direcled at

developing coal-based alternative fuels capable of

replacing lighter fuel oils. Success in this effort would

Alternative Fuels allow coal to be used in a broad-range of applications,

In the Alternative Fuels Prog_, r,, our focus is to including moderate- and smaller-sized boilers and

develop lower-cost, coal-base i .els thai can sub- furnaces, industrial process equipmerd, large diesel

stitute for lower-grade, petroletlna-l)ased products. ()ur engines, and heavy-duty turbines. Althougla the

near-term goal is Io develop a low-cost replacemesat rewards ot' success are immense, the technical

for No. 6 fuel oil (a common boiler fuel), thereby challenge is greater; and coal preparation is clearly the

allowing coal to substitute for tmtroleum in a inultitude enabling technology. Specifically, this longer-tern1 goal

wf electric utility and large industrial boilers. By the requires the development of coal cleaning processes

year 2000, in the absence of acceptable coal. etrofit thai can yield an ultra-clean coal in terlns of sulfur

technology, U.S. electric utility consumption of and residual minerals. Toward this end, the Coal

premium fossil fuels is expected to nearly double, Prel)aration Program continues to invest in high-risk,

reaching the energy equivalent of about 4 million high-payoff concepts involving physical, chemical,

barrels of oil per day, Most of this consmnption will and biological approaches for removing impurities
occur in boilers that came on line after "1965 and have from coal.

since experienced fairly low ulilization. Our rnarket

analyses indi_:ate that these relatively new boilers

represent a potential market for over 200 million tons

of coal l.mr year, This estirnate does not inch lde the Combustion 2000
potential demand l'rom industrial boilers that are

designed for burning a heavy (til. Morec)ver, countries A

in western Europe and throughout the Pacific Rim are _/_s we look beyond the yeas' 20(}0, we see

also dependenl on oil-designed boilers for electri(: domestically produced coal playing an increasingly

pt)wer ,:,.,,maeratmn.'" ()ur analvses, show thai suitable coal large role in serving our nation's energy needs,

retrofil technology could open up a new export market Consider the energy supt)ly and demand projections
t'or up to an additional 2t)0 million tons per year of used to t'ormulate the Nati(mal Energy Strategy, These

U.S, coals. Considering tlm rnagnitude of both projections show coal px'oduclion and usage more than

domestic and exporl markets, it is evident thai doubling by the year 2030. This much higher level of
capturing even a rehflively small frat:lion of these coal use is essential to our national security and

markels would result in a large ht)est in coal economi(: welfare, The challenge is to expand coal use

production and extensive c:ommercial activily in but nel conlpromise our national commitment tw a

processing coal into a fuel ()ii substitute, (;leaner and healthier environment. Most recently, the

potential climate changes related to carbon dioxide

Our Alternative Fuels Program l-las already made great (C(321 emissions resulting from increased coal use have

slridt,,s towar(l reaching Ihe near-term goal ot' received considerable i)ublic altention, To respond to

develol)ing a coal substitute for No. (i fuel oil. DOE has this con(sern, DOI_ established anti is now imple-

t'oslere(.l th(,' su(.:t:essful (levelol)ment of coal-water menling the (:omt)ustion 2000 Program (see PIi;7'C

t'u(ds, whi(:l_ (:onsisl (>fa slurry (.)t'coal, water, and Huview, Issue 4). In shorl, lhis new progra)n focuses (m

10
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advanced electric power generation systems that otter The DOE Coal Preparation Program
dramatic inaprovements tta environmental performance

and efficiency.

In this article, we Mve presented a vision of the roleAttaining higher thermal efficiency in eleclric power

generation requires coal combustion and heat transt'er ]hal coal lJrel)aration can lake in shoring up llae

at teml.)eratures significanlly beyond current practice, future of coal in the United States. Attaining this

High-temperature materials suitable for such advanced vision requires advanced technologies l'or coal

systems are generally intolerant of coal ash. For l)rel)aration, lt] sonic cases, the required a¢tvances are

example, at high temperatures, coal asia liquefic'.s and lnodesl and can be reached within a few years via an

literally dissolves many ceramic materials that are evolutionary program of R&D. h-! other cases, lt]and-

potential candidates for use in high-temperature new lechnic, al tq)proaches are nee(led to meet

furnaces. For this reason, one of the major R&D lhrusts perfornmnce requirements. AI PET(;, we are

supporting our Combustion 2000 l,_rogram invoh, es dedicated lo fully exploiting the polenlial o1"(:oal

deep coal preparation in which over 90% of n|ineral preparation as the critical enal)ling technology for

impurities are removed belbre combu,;tion. After such coal production in the Untied Slales and for coal use

deep cleaning, any residual mineral matter consists of througlmut the world, Accordingly, the DOE Coal

ultra-fine grains dispersed throughout the coal's organic Preparation Program for Federally supported R&D is

matter, When the coal is burned, these ultra-fine grains shapecl aral driwm lo:

convert to ultra-fine ash parlicles that tend to follow
closely the gas flows withitl furnaces and heat • Foster the evolutiol] of tlae U.S, coal preparation

exchangers. This allows the application of advanced industry towards deeper and more efficient coal
combustion methods to minimize the interaction of cleaning. Tlm focus is on near-tern] techn,.)logy that

residual ash wilt] high-temperature materials in wouh:t ease the adverse econornic impacts of the

advanc, ed combustion processes, sulfur-emission-reduction goals of the Clean
Air Act Amendments of 1990, improve the overall

Develol)ing coal-fired systems that allow heat transt'er efficiency and environmental impacts of coal

at high temperatures would provide the foundation for production and delivery, and ehi]once the

an entirely new class of power generation te(-hnologies corot)eli]ire positior! of U.S, coal exl)orls.

]hal leap beyond the efficiency barriers of converflional

boiler systems. Engineering analyses conducted by • Provide tlm technology base for producing

PETC indicate that thermal efficiencies (coal pile to petroleum alternatives from coal, including liquid
busbar) of about 50% can be anticipated ibr advanced fuels via coal li(luefaction and liquid fuel

systems and that these systems can be available tbr substitutes (e.g., coal-water fuels), The focus is on
mid- and longer-term technologies that open newinilial commercial applications within aboul 10 years.

Compared to present-day plants, such advanced markets for coal,

systems would require 25 to 30% less coal to produce

an equal amount of power. This translates to a 25 to • Assure litat greatly increased coal use irt eleclric

30% reduction in CO 2 emissions and ata equivalent power generatio:n does not colnl)romise tlae nation's

reduction in ali environmental impac.ts associated commitmenl lo a cleaner, heallhier environment.

with coal production, coal transportatiorL and To achieve this end, the (.at)al Preparation Prograln

power generation, i ttlegrates with PETC's Com buslion 20I)0 Program
to develop high-efficiency, higt>environmental-

Beyond the economic and environmerflal benel'its l)erformance systems for elech"ic power/,eneration.

offered by improved efficiency, the Cornbustion 2000

Program hopes to achieve dramatic ilnprovements iri The Coal Preparation Program is currently able to

the environmental performance of adwmced power support three goal-oriented initiatives:

generation systems, These include in]proved melh,:)ds (1) Acid Rain Control R&D, (2) l--Iigl-M_fficiency

for the extensive control of airborne emissions of SOy F'ine Coal Preparatioil, and (3) Premium l_'uels,

particulates, and trace toxics, as well as a reduclion of

selid wastes. Coal preparation augrrmrds and combines Acid Rain Control .R&D Initiative
with advanced t|i)l)roat:hes for flue gas (;leanu I) and In 1988, in anti(:ipation of the acid rain control

the economic conversion of solid waste 1o l)rovisions of lh(-.,forthcoming amen(lmeills lc)the

uselul by-products, Clean Air Acl, I)OE inilialed the engineering

1.1.
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sc.l.,',dult'.dForcoml)le|i(,n irl 1993, 'rt_stingc)f'
actvanc,:e(I(;yc:l,ming(by (;cml Technology C]orpc,'a.lion)
will be.;l,c,'ri'ormclclal a scale,of 'I.o()0p(nvnclsI_,r hotlr.

High-Efficiency
Fine Coal Preparation Initiative

l)uring this fiscal year, IIw,1._(.)1:;Coal lh't;paralion
Program hasallocal_d $2,9 million lo SUpl)orl the
develol:mmnl of h,,cihllologylhal would enab.lplhc U,S,
c;oalprepartflion induslry lo evoiw_hwvard ¢leel)e,rand
more,etTicic,rll coal cleaning, Through lwo solicihllions
for prol._C)salsl'rom inctustry, we are l.)rc.',l)arecllc.,

1 .O I.tm==-- SUl)l)ort lhc, developmenl allCl h:sling of innovative,

Figure 8, Bioprocessing involves using microbes near-term i)roc:c;ssOl)eralicms assoc:iale,ct wilh tlm
that are specifically designed to extract sqilfur cleaning, handling, anti delivery of c',cmltint:s, C)nc;
from coal, Shown above is a scanning electron solic;ilation sul)l_orls conlinucms, l)m_c.:h..sc,ah; h;sling
photomicrograph of the rod-shaped microbe ot' new proc:essccmCel)tSand ,:;cluilmwnl in Pl:]TC's
Thiobacillous ferrooxidans that will remove pyrite new Coal th'el)t.'alion Proc:essResearch l:acilily (see
from coal, arlich_ in this issue), 'I'1._second solicitalic.m will

sul)l)orl ch-welol)mentand lesling til oft'-sih-_t'ac;ililies.

clcn,elopmc,,nt of three advanced coal (,'leaning

l)roc.:esses: t'l'ot,taflotation, selectivt; agglorneralion, anc.l Premium Fuels Initiative
advanced c.:ycloning, An overview of this iniliative Also cluring 1992, we will begin a l)rogram 1oc.lcweh)p
was presellted in the [':irslissue t)t'the tJET"Clteviow, (by no later than I;Y 1997) the design base for

l:,rololype c:omnat-;rcialfac::ililies IIml are C:almlfleof
Ai this lime, we are pleased lc)reporl lhal Duque.sne producing ultra-clean (::oalsuitable for c:onversion to
Light Con_rany, serving western l_erlnsylvania, has highly iotlded, staMc.',c-oal-waler fuels,
bee,n selected lo demonstrate the commercial feasi-

bility ot' an advanced cycloning lerlanology uncler This researc:h, which exlJh)its two of lhc three
Round IV of lhc DC)EClean Coal Tec.:lanolc_gylh'ogram, tt;c:hnologies_advarwc_,d/'rolh flolalicm and s(.;le(:live
'their te,(:hilical approach is based orl R&D c:owdtlc;h_(l agglomeration_being inv(.;sligaled under lhe Acid
at Pl!.Tr(]'sin.-hotJse labcJralories urt(.ler the aUSl.dCesof Rain Conlrol ]nilialive, t'bt.:tlseson a broadc'r speclrum
the Coal Preparatior_ Program, 'Fesling tract evalualion of (-()als (ali 1.3.S,(;()als having m()¢h.'rah.;Io high pyritic
of dvan('ed/'rolh flolalit)n (by ICF Kaiser ]!;ngineers) stllt'tn" and low ()rgtmic sulfur), Mor(.;c_ver,lh(,
and sele(.:tive agglomeralion l:)rcJcesses(by Southern c.:l(.,,aningsyslems lo I)e (h.'velol._('.dulader Pr(.,mium

C().mpaJ_yServices) al about 3 tons t)e,rht)ur is l:uc;ls will t'()(:uson lh(; ultimale in physic:al lit_(-.'ratitm,

Ele_;trosl;at,ic; Sol)ar'ator.

Positively Charged Plate

4" + .F. + 4. .t 4

Mineral Mat;l;er

Feed Coal Particles Tribocharger Refuse

_ A ._AAA
A @ A 0 + A A ......._////

_ _ _ a" _ -- _" 4/),','_,.S:_e,.

• "®+ 0'
Cban Coal/

CoalPart,icles ,_ Mineral Matter ] Negat, lvely Charged Plat;e

Figure 9. In the triboelectrostatic beneficiation process, the friction of particles with the walls as they flow
through the tube (tribocharger) charges the coal and mineral particles oppositely--resulting in positively
charged coal particles and negatively charged mineral matter.

1.2
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(_;<)ills,,',,iii be ground to m.icrorl sizes, and till coal

cleaning and ancillary opera! ions rmcessarv to pre t.'m;

the coal will be deve, lope, d througla the proof-(d-co_,t:ept
scale,.

Exploratory and Advanced tleseorch

In addition to !he three major program initiatives

aheadv described, the Coal Pre,paration Program also

includes e,xl_h:)ratory and advanced research. This

work will lead to the next generation of candidate

technol_)gies for engineering development. Participants

in the program include industry, universities, national

laboratories, and PETC's in-house Coal Preparation

Laboratory. These organizations are conducting

,_xt:itillg research on :_,t;... ::-::!0,, .,ffadvanced

,,,pproaclms (e.g.. micronized magm_,tite (:j cloning

and eh.;t:t.rostatic separation) for economical, effic:ient,

and deep (:leaning of coal.

Che, mi(xal coal cleaning methods are be,ing dtwel()I)e(t

for the extensive (anti, we hope. in,,_,xt)ensive) removal

of mineral impurities and of organic:ally bound sulfur

and alkali irnl:)urities, We are building on the ()verall

progress made in gmmti(: engineering and investigating Richard E, Hllcko ]Teads" ;Wl'(7's Coed

the feasibility (ff using ini(:robf-_,sspe(:ifically designed Prel)arr, tion cmd Solids 7)'an.s'/)ort .1)il'isio._) (1rut i,s'

to extract su lfur im pu rill es from coal (see, trig u re, 8), cu rr_',nt]3' re,vt)olTsihle, .fr"r th_? imt)le, m entation o.f

We are also contil)uing to investigate new approaches (_]] rosp, t_rc:h cu:tiviti,:s in D()E's Coa] l:)rt;i)arr.Jtirm

t'ol deep coal cleaning based on expl, oiting diffe, rem:e_ Program. A grguttmte o.f the {.hffversity of

in the, surt'a(:(; prol)erties of (:lean coal parti(:le, s and ])iltsl)tllgt'l, Rich h(ls (_n M.S. do_lre_ in cb'ii

mineral impurili(-_,s, l:(_r(;xami)h_,, the program has erlgim_e.ri_g, hTitially e-m_ph)yed _zt ]]rll(:f;tOll hi"

ma(le (;onsiderabie progress in ult(terstan(tilag iiw, lho, ( _.S, Htm;cttz of MhTc;s irl 1974, ]7(; lr(m,@,,rred
fundamentals of electrosta, tic coal cleaning, whi(:ll iv: lo DOE/JT 1977. t;rr)m t/u_ otlls¢:l, tHe'li h(_.s"

based on the electr(_static l)rincipl, that like, (:barges tvork¢_,d (dtl_ost ¢:xcJus.'it,,;,]r ii1 t]1_;(lro,(l t)fr:orl]

repel ,n(t unlike charges attract each other (see Figure ])l'(",l)(lrr,llioll I'OS(?(H'C]1, _'il)_ it)ilia] p,nll)]la,_i,_ on

9). Based (>n this at:hievem(',nt, we are now evaluating ,_(:h,'cti_,e/h>ccl+/r._tiol_ and ]ffjjT-grc_(:li¢;nt ma,_4n(_tic
alternative at)t)roa(:hes tk)r m(.wing this le,chn(:)l()gy into s¢;])¢irtlth)l] (llTd 1170,qt l'l*,(:(;l'll]l' JI] {]7(_ (](IVO,Ir)J)II](U]I
engineering (teveloprnel3t. of ler:hnoh)gies lo mili,e,(_h'_ a(;h] ruil_ /)r_;r:ttrso_w,

to ])rodtu:e, ,;ll])erch;fm co(d,,;.for l)r_m_itm_ [it,q
(_l)l)]i_:(_tirm._, r_nd Io l)rorhu:v, lolv-r:ost more

More to 'Fell do(;])] 3' c]o,:mf;d cord.

.Tl_is ro'tic:h; presented the driving forces tha{ shape.,

lh,., I)()E (_()al Pre,l)aratitm Program, In /(mrlt_lating (his

lm)gram, we have soughl and re(:eJv(;(t a(h'h:e from
indu,,,trv an(t academia. As e(sonomi(:, envir(mm(,,nt,l,

and t_:;r:hnologica] develt)pments occur, w(:;are
commitle(] I() worki_g wilh industr\' and a(:ademia t()

¢:volve Ibis pr,)gram in such a way as to sttj)l)()rt our

nati()n's resc.,lve fora se(::urv., o.(:(n_(m_i(:allv slrollg, itll(t

environmentally sound futtlre, l:(_rll_(',(m_ing issue, s (_f

the, PET(: th:,_'iea; will t:_r_svnt in greater de,plh s(ml(,_()f

the, e×_:iting c<,,mp(ments (d this x'erv iml)(._rta_t

i_rogram of r_searc:h iii](] te.(:hn(_h_gy (tt,,vt.;lr_l)|l_e|_t.
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Northern Indiana Public Ser'vice Company's Bailly Generating Station along the shore of Lake Michigan,

A t]ue gas d_::sull'_lriz.ation (f"(;I))sy:,;tmn. ,.:olnrnonly (:(msidered u nrelial)lr:; and troul)h;some, In wet

known as a scr utfllm, is a separate gas cleaning t'a(:ilily scrubbing, flue; gas t]'om burning coal is sprayed wilh a

insla_lled al th,*_Imck (,hd of a l)(m,_,.r I)]anl Io rem()v(: slurry ()t' water and an alkaline reagent, ustmlly lime.-

,mllur (li()xi(te (S():_), Early, ()r conv(;nlional, s(:rubl)ers sl(me, The. S() z in tlm flue gas rea(:Is with the limestone.

have had to m:e[(:ome many (tiffi(:ulties (e,g,, high cosls, Io t)ro(lu(:e a mixture of cah:ium sulfile an(l calciuln

large Slm(:e r('.(luirc,m_nls, low energy _;ffi(:ic'ncy, still'ale., whi(:h is (:omm(nlly refr_rre.(t I()as s(:rubl)er

tr(;(itmnl I)reakdowns, aral wasle (iislmsal i)r()l)h;msJ, s/lldg(;, Over ils lift., a 50()-MW(; (:(ml-fir(;d i)ow(;r l)lanl
l towever, _t lmw 14(:n(',raliol_ (_t's(:rul)l)ers is .nnw i>_)is_;(t will1 a wr.l s_:]'ul)l)m"I)ro(lu(:es mmugl._ sludg_; lo fill a

Io _Jve,r(:ome m;:ny ot lhes_: ol)sla(:h:s, l)r()ving lhat 5(}().-a(:re (tisl)()sal ii()n(t thai is 40 feel (le,ni), th(;r(:by

l)_)Jlution c()nlr()l ne(:(t n()l t)(: e._:onomi(xally I)|'()hil)ilive. (:reating a waste (lisl)()sal l)robh;rn. I:l_;(:ause s(:rubb(n"

sludge, has the (.:()nsis!en(:y ()f l()()lhl)asle, slat)ilizing

ad(lilives are often re(luire(l Io s()lidify lhc mab,rial s()

lhal il can I_e more nasily disl)os_d _)f in a landfill,
Problems with

First-Generalion Scrubbers Alt lu,ugh (:(mvm_li()nal w_:l s(:rubh,;rs can r,;mov_; _.1(1%

(,r m()r(; uf lhc S()= fronl a i)ow_;r l)lanl's flue, gas, they

A am _'Xl)ensiv(; 1() install: (:al;ilal (:()sis ()f $2()0 I(_ m,_:_rs(:r'_hlmr, whrlh_:r "wet" ()r "dr,,,," is a(:tual]\' _,, $300 I)(;r kilowatl o[' (:al)a(:ily (()r al)()ul $1 ()(1to $15(I

(:(m_l)J(:x (:h_m_i(:al _ianl. II (:an t.; (lifti(:ull !()oI),_ral(', milli(._ t'(_ _t5()()-MW(', I)l(_nl) at.. m,l un_:om_non.

and is sul@(:l I_)m.(:h;_ni_:;_l t_i],lr'_:s, (:orr(_si(m, S_:rut)l)ers als()_:()nsun_e a trail ()f lh(; l)mv('.r ])]anl's

lflugging, i_n(t s(;aling. 'l'her_:f(n'_, s(:rubbers art ofl.l_ (;h:(:Iri(:al (n_ll)ul 1(_run I)u_nl)s. [alis, all_l _1I]_le gas

14
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reheatsyslem,lhe.rebyreducing[he power planl'sr_,t construc:liorl,and ope:ralionofan AI:(.H)filuility1o

_:lecL:ri,.:ityoutputby 3 to5%. Manv s(;rubbersrequirea remove SO.,from rlm;gas from a 52_:_-IVlW_::coal-fired

large amount of sl)ace, which can t:reale proldems for a power plaut at lhc Norlhern Indiam:_ l'u[)lic Serviue

facility al which sl)ace is limited, Wet scrubbers also Comtmny's Bailly

use large quantities oi' water, and water eva|lab|lily is Generating Station,

limited in many areas, which is |oc:aled abou[

12 miles norlheast oi' HISTORICALBACKGROUND
Irl a "dry" scrul)ber (oi"spray dryer), the reagell[ Illixttlre (]al'y, h](iial]a. The The motionof scrubbing SO2 from coal-fired

(usually lime)is injected as a finely alan|zed mist, facility will be used to flue gases dates back to the 1920s and
The droplets evaporate in lhc hot gas, leaving only dry demonslrate a var|ely 1930s when the first scrubbers were built

partich_,s lo react with the SO,, and Lobe c::ollec:lect of actvancect lec:hnical in Great Britain, These scrubber facilities
subsequently as waste, Although simpler ill operation and business-rehlled were shut down in World War IIso that the

and lower in cap|Icl c:asl than the wel scruL)ber, lhe c|ry I'ealures cturing a 3-year British power plants would not be detected

scrubber has not been widely adopted for removing period of operation, byaircraftthat could followthe vapor plumes

S() 2 fl'OI]l high-sulfur uoals, The prim:tory reason for this whiuh is scheduled to resulting from scrubbing to the plant.

is thai lime is about three to four times more expensive begin in the summer Interestingly, even these ver_jfirst scrubbers

per ton than is lime, stone, As a result, dry scrubbing is of 1992, were effective at removing 90°,4 or more of

generally used in h)w-sulfur coal applications thai the SO2. Scrubber technology continued to

require much less r_mgent than would high-sul|'ur coal The Pure Air sr,rubber evolvethrough the 196Os, with installations

applications, The wet scrubbing technique is preferred is expecled to operate in Europe, Japan, and the United States,

VVhe[] l.lSillg high-st_lt'ur uuals Iha[ require grealer without nlos[ of the However, widespread application did not
amounts of scrubtfing reageld, i)robh,ms associaled occur until scrubber technology was

with convent|ornl implemented in the United States in

First-general|on scrubbers have been plagLled by s(::rld)bers, The SO2 response tothe Clean Air ActAmendments
poor relish|lily, and lhe consequences have been absorber will ttse a of 1970 and 1977.
heightened by govermne, nl regulation. In the 1970s, high..veh)city co-current

clean air legislation man(iated thai power COllll)anies desigl], in which lhc In the United States, approximately 150

nlake lm Jvisions for service inle+rrupliuns (:aused by scrublfing slurry moves coal-fired units were equipped with these

scrubber eqtfit)mt;nt failure. Because conventional in the same direction as conventional or"first-generation" scrubbers

scrubl)ers were unreliable, utilities often found il the flow of flue gas. A during the 197Os and early 198Os, These

pecessary lo install a _q)at'emoduh; Io back u l) the co-current design scrubbers were, forthe mast part, installed
origin_d s(:rul_ber. The addilional module escalaled t'acililales aperalion al a at newlyconstructed power plants because

_'l](!;size and (:asi ()1'the, system. Theref()re, die usu relatively high flue gas existing power plants were largely

of Coll\'e,n lionel surubbe,'s I)roughl t'orl h new velocity of appmx- gramdfathered by the Clean Air laws, When

"chalh;ngus"-- largely unsuught a_d unal)precialed -- |merely 20 ft;el per domestic power plant construction

for utilily c:(m_l)aili(;s, Irorlunalely, a new general|on se(:oml, versus _l to l 2 decreased in the early 198Os, the market

of s_:rul:)bers now h)ums _m lhc horizon and has feet per se(:und for a for scrubber technology moved overseas

lhc i)ohmlial lo r_'.du(:(;or cwen eliminate many of cotweuliomd counter- where improvements were made. Withche
lhese i)roblems, current scrubber, This, advent of acid rain controls mandated for

iii turn, contributes to the older units by the Clean Air Act
the relatively smaller Amendments of 1990, a new market for

Pure Air's Advanced Fhle Gas spa(:u requiremellls for scrubber technology is emerging in the
th e AF(;I) sysl em United States, Development efforts continue

Desulfurization. Project ,:,,mpare,twith. to improve scrubber performance and to
•"""--" cxmvenli(mal s(:rul)ber, reduce costs.

AI lh(: v,trlguard ()f this new gt_l_(:,ralion is Pure Air's ()rdinarily, an F(;I)

Clear_ Cual Te(:hnoh)gy "A(lvau(:e_l l:lue (',as 1)esulfm'- t'acilily (:ontains s(;vera]

izali(m (AF(;I)) I)em()nslralion Pr(_je(:l." This uni(ltm, S(), 2 absorb(;r modules, with one or Iw() sl)are m()dules

$150.5-million l)roje_:t is a (:O()l)erativ(_ _t'f(_rl t)etw(::e_ added lo improve sysle, m r(;liability, in COml)al'ison,

lhc, [I,S, I)el)arlmenl o1'l'h_er,gy (I)(.)1:'_)._1(t Pure Air, lhc. AFt;I) t'acilily al Bailly will us(,' a sin qle 52,",-MW[,
)

u _.;e.n(_,ralparir.u'shit) I)_;lw_;(;r_Air I roduc:ls anti al:mort){.,.rmodt_h,' Io scrub ali of tl_; fire', 14as_sfrom Ilu_

(;hemi,,:als, lhc::.,and Mil,,_ut)ishi 11_mvy lmtustri_,s slalio_'s lvvo co_l-tiru(l tinily;rs, I1 will t_, IIw, .larg,(:sl-

America, ln_.,, '['his proje.(:l (;nlails IIw. (l_sign, rapac:ily S(),_ al)sorl.._,r in lhc w_.,,sleH_lu.,misl)h_.,ru and
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Turning pollutants into construction material
An industrial project to reduce pollutantslinked to acidrain and solid wasteproblemsfrom burning
high-sulfur coal is underwayin Indiana. The plant will reduceacid rain by cutting the amount of sulfur
dioxide emitted from the burnt coal.Solid wastedisposal will be eliminatedby mixing limestone,water
and oxygen with the remainingsulfur dioxideto create a by-product, gypsum,wldch has commercial
uses. The plant is under constructionat Bailly power plant, a Northern Indiana PublicService Co.
coal-burningfacility east of Gary.

........... _ Cleaner emissions=_-=:==_-_.=.= Before _ After'

..............Coal-fired __,__._.__L _ ...... ]"power plant __ ..... ___I_

How it works S____ " _'_,,2_Y41F. " _ Sulfurdioxide
1. As tile dirty flue gas enters X ql_ More than 90
the scrubber, limestoneslurry _: w contaminates percent of sulfur

is introduced to absorb the fluegases dioxide is removed [

sulfur dioxide. _'_ t Absorbergrid / i

2. This mixture then goes to II I "y__-- introduced _dC:d:_nWxt_ere isa reaction tank. Air (oxygen) liFI_lr (_ ygen-)ts Gas outlet
is added at a highpressure. _1 I I_.'L/J_/_--_"; ii[_,_ JP'"q_, , rinsed much like

This changes calcium sulfite I II I "t.... the spin cycle ona
"q _ _[;1II /--- _ IIIl_l_ : .,_ .L----" washing rnachine

to calcium sulfate, or gypsum. _1[ ! A:L__--_--= ,_==_' Mist /lt ,--_, _
3, Slurry leavesthe tank as a ....

dirty water mixturethat is 25 I Iii-- _ --_I --]-[-----:: "- -----T--I'[I eliminator /ii / _1/I_ '

percent rawgypsum. _111 __ {_i "T,-] III [_ L--J-_It_J_

4. Water is removedfrom raw Hl / --- "-::_-_@ ..... --_-- '__-';_' ......-s..................." ----..1_
gypsum in centrifuge through _, __ [] Slurry leaves a

two wash and rinse cycles. I II ..i"'_ " ;. _....... _;_,;\. : " ....7" '[ ...... ] 25% rawgypsum, i\}
5. The end product is a white t'li " ..... "_., : -.. I " .... ""]1 75%dirty water ' I I

gypsum powderwith a less i_ O ".b _ O_,.._...O _.) ......... l_i i
....,.... Slurry i......--_-__ ___ _o.--_.5-. !

thanl0 percentwater - __-°--7_tlcontent. Reaction "'".,, : O ((_

k .... o I -- -'-tan ' :_.'....:.... " °" I[---'-_ --_--_7-.____.___ _6, Gases leave the reaction '_"V ' :- Oxygen

tank and pass throughthe _ ...... --__ -ii_-_____ ___'--_" _
mist eliminator for final

cleansing before entering [-] Centrifuge
stack. [] Over a year, the processproduces ':,7

enough gypsum to supply 18,750new __-..._...
homes (based onone homeneeding _.__f.f../_'_..,.

Ch,cagoTribuneGraph,cbyDennisOdonY,Source:BarneyCarnponeschi 8,000 squarefeet of wallboard). <,_ Gypsum _
and Greta Campbell ct Air Products and Chemicals, Inc. -v___---_ ._.,,dll_- .. ::

the large,sl in the. worl(t tc)()p(;rale with high-sul[ur sm:cessl'ully by Pur(: Air's parenl, Air Products &

coal. 'rh(:u.(.,will lm _lc)spare or lmck-ulJ modules [;ht;micals, in ()lh(::r busine, ss li]ms, 'llm busin(;ss

I)ec:;.tust; a high dr;gmr; of syslem reliabilily is anli- arrangement ust_d in this project should t.)t; altra(:tive

(;ilmh;(l. This is a k(::y rr;at|ro.; (_t' lh_.;dt,'monslralion, lo many utililies bet:aus(-.',it allows tlmm to lot:us on the,

whi(:h is larg(',h;d til i)roving a sul)slanlial (;(:on()rni(: l.)usint::ss ()l' eh-mtrit:ity g(.}n(',rati()nand (listribuli(m,

bm}t;fil o1'illis a(lvmm(_'(l t(}(:hll()lo,w, while, scrubl)er conlrac:t(n's can t'ocl|s IImir ()wll

t::×perlise, (m owning and ot)eratirl g lh(; s(:rubl)(-,'r

In u(l(lili()n to many slah}-of-the-arl I(;(:hni(:al ft;atur(',s, tacilitie, s, It' su(:cessful, lhc (l(ml()nslrali()n will be:

the Ali'(ii) l)roj(;(:t will show(:ase a rl()vt-:l t}usim.,ss follovw..'(t by a long-term (17-year)c(mlln(:rc:ial ()peration

arrange_ntmt. Normally, tllilitv (:omtmnies (/;olltra(;L period, under the tru'ms of to the agre(mmnl I)uqwp,(;ll

with st.',v(;rtll (li['t(,,rtHll l'irnls lo (l(.;sign illld })tlil({ a PUl'(! Air Slid Northurl; hl(liana,

s¢:]'ttl)ber; anti once it is built, lh(; utility itself t)pt;ralc,,s

the st:rubl)t;r, [Owl_ing Ih_; surul}t)m' also mt;ims that An a(ltled bent:li! of (ht; 1)roje(:l is lhc ((.,(.:hm)logy's

the utililv ()wns a_}y oi.rotating l.)|'t)blt.;ms thai nlay abilily lo l;rodt_c(.; high-g|'adc' _..,yl)sun_as a by-lm)(lu(:l

dev(;lol_, } By {:()rtlrasl, tqlrt; Air will the,sign, ('inan(:(.',, inslt;ad of lhc wasl(; sludg(,' i_rodtlce.d by lhc,,_;a]'lie.r

bull(I, own, tnainlain, ;.in(t (}l}(wale lhc, Bailly AI"(;I) st:rubbers, A h)ng-ltu'm gyM)sum l)urt:has(.'/sal(;

fat:lilly [or Nc}rlh(}rn ln(liarm as a (;:mlrm:le, d servic:e, agrt;(,,mcml has ah'e,a(ly b{.;uulsignt:;d t)y the, l.},S. (;.vl)suni

This "t)wn allot ()l)(u'at{¢' apln'Oa(:ll has l.)p,o,n(-;nll.)loy(.;({ (I.]S(;) (:Orl)C),,'ationanti Nc)rlhe,rn lncl iana, Bailly's
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gyFsunl by-product will be, used al a tISG wullboar(I its lnrgt;r 345-MWe unit. I1'sut:cessi'ul, re,suits l'rom

plunt located nearby, thm'eby avoiding both lhc c:osl lhis apl)licaliou could lead 1o zero was{c disc:harge

and lhr; c;nvironlnel_h_l ccms(-;quences associtlh;d vvilh st:rubbers (i,e,, sc:rubburs lhal produc:e a usable gypsum

landfill disl)osal. I)y-produc:l and no vvash;vvah-;r oiTluenl), cerlninly n

very altract ire envirmmmnial pm'I'orma m:e goal,

hnproved Environmental Performance
Improved Energy Efficiency

lmnlmIitn

Ccmventionnl scru bLmrs lypicnlly remo\,o 90% of S()2:

lhe AF(.;I) st:rubber is expec:Led 1o b¢; abh_ to rc;move ._nergy consumt)tion needed lo run equil)nmnl is a

95% or more of S(), e without Ihe use of t)er['orllli-lllC(_,- c.:rilic:al consideralicm for utilities. The, operation of

enhancing c:hmnical additive, s. This .),) _/,S(),, removnl pollution-almte, me.nt syslmns rt-;quires large amoutlls oi'

tale was t:ollfirmt:;d through lesls rondu(:tod al lhe powor. As ntentioned e,arlier, conventional SC:l'tlbbers,

APC-200 pilot unit, locate, d at b,,litsubishi's Hiroshima in partit:ular, have a high power consuml)tion rate and

Res(: art:h an(l l.)evelol)ment Center in ]apart. can use tit) to 5% ofa phmt's ele(;tricity thai would
olhe, rvvise be made nvailable, for sale, ]_le(.:ause of the

Instead o{'ranking sludBe, this srrul)ber systmn will engineering aclvanres desrribe, d above, the Pure Air

i)r()duce synlhetit: gypsum, a useful by-pro(lrml thai scrubbm" is (-.'xpe,(.:te,d tc)demonstrate a gr(-.'tflly improved

will hnve n 93% purily rating as confirmed by the APC- energy otTicienc:y by consuming no mc)r(._ than 2% ot'

200 pilot plant tests and by other scrubb(5,,rs utilizing the 528-MWe fa(;ility's electrical output.

Mitsubishi's t(-;(::lmology. A high purily ruling alh)ws

file, gypsum to [)e used as a quality ingredient in the

produclh)n o1'wallboard, (_;mn(ml, and olhe, r 1)roducts, Improved Economics

Contributir_g Io lhe gypsunfs high degree, of purity is

a novel (levi(:_; known as an air rolary s[)_lrger (ARS) B
thul will be, demonslraled wilhiri the absorb(w module, e(:ause lhe Pure Air AI;'(;D system requires less spa(;e,

than does a c:onvenlional sysh-,'m, il is an excellenlltl
The Al\c, (:ombines the rune:lions of stirring and air

c:andidate for retrofitting onto existing t'a(.:ilities,
dish'ibulion vvilhin liar-;absorber, thereby facilitalir_g

eSl)Oc:iallv where Sl)nee, is limited. Tlm system's high
the oxidation of stzrubl.)er sludge to gypsum, In a

(:onv(mtional I"GD system, stirring wouht be done reliability allows lh(..'use of a single absorber modult;,
with no slmre, or bat:k-up rno(h.lh:;s, I"h(-.,high-ve, locily,

by inixe, rs, and oxidalion air dish'ibulion wouhl I)e,
c:o-currenl t'eultire t)e,rmits the use o[' a nlore (:oiYll)tict

l)t_rl'or)rm(l t)y a st_.t)arat(-;fixed sparger or air pUml)ing
absorber, Installing only one re,lalively small absorber

arrang(mmnl, Merging these functions into one pie,(-e
h'aFislales into lowm" (:apital ct)sls. At the Bailly

()f e.(lUilm]enl is eXl)e(:led to t)rovide, better mixing

within the bast.' ()t"the S(), e absorber and lo yield a high- Generating Slation, s(:rubber Cal)ilal costs are projected
t() bf-:al)l)roximately $1@ per kilowail, whi(:h c:omlmres

purity gypsum, This (:on(:el:)l is relatively new in

scrul)l)e.r applit:ations. The l)erfornmnt;e, ()t' the ARS (lt_ile favorably wilh lira cosl o1'u t) lo $300 1)or kilowatt
l'or a conv(rational wet st:rubbing system. Also, the

was (:onfirme, d l)ytesls al 1Ioosier En(-;rgy's Me,rort]
Power Station. st:rubl)t;r's improve(t ermrgy efficien(:y, high (h.,,gree.()t'

reliability, an(t olher a(lvan(:e(l t'eal uros gre:llly .rt;(lut:e

its Ol)eraiion and maiiltenan(.',(; c:ost whe, n (:Oml)ared
Waslewater disl)osal oflt,'n l)OSeS a (liffi(:ult problem for

with (.',onvoll[ional scrubb(]rs,

st:rubl)m' ()peralors, parlil::ul_n'iy wlmre (.)xi(lalion of

scrtil)ber sludge to gypsum is ell!l.lloyb_(l. The, AFGI)
l)rojet:t til 13ailly will also (l(mlonslrate a novel waste-

vv;alt:;rm,al)orati(m system (WEN), in which process Long-Range Effects
wnstewaler will l)e ir@(:te.(t illtc) tlm flue gas (luc, lwork

t_l)slream ()t' the existing ele(;trostali(_' l)Ire(:il)itator (1!',SP}, "1_AI"
The hol flu(-.'gas will _-'vat)(_ral(', lhe wash-m, al(;r, and ..['Vlany high-st_lfur (:oal mine operators have exl)r(._sse,d

dissolv(;(I solids in the water will solidify so Ihal they COllcern lhal iml)hm.:_ntati()la of lhc (]h.,,an Air A(.:I

_tre (:()llccl(.:d by lhr-;ESP, ahmg with lh(:,, fly ash, ()t' Amt;ndments of 1990 nntl the high (:()si (_f emission

Bailly's ix.v()boih;rs, lt._ WES will I)e deln_mslrated ()n (.:()nlr(d sysle, ms will sigtait'icanlly reduce, Ilmir mnrkt;Is.
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Innovations likt-; Pure Air's AI:(;I) technology will rate, s will help 1o In'ese.rve the ¢:cmqmlitiveness of

allow an economic:al and e,,nvironmentally responsive stc-.'_,'l,aluminum, glass, paper, plasli_:, and other

use c_t'high-sulfur coal, there, by preserving the jobs ot' donmstic i ltdustrios.

those working in eastern and midweste, n'l high-sulfur
t:oal mines.

The c:onstruction activity assocititt;cl wilh the proje, ct Conclusion

will have a positive eft'ect on the local economy near

the power plant, About 150 construction workers "lr
will be employed t'or 1 1o2 years, The pur{:hase of In summary, recenl l:_ublic debate, over at:ld rain

locally available construction materials will also control legislation revolved largely around the

benefit lhc local economy. More importantly, when negative aspects of l'irst-generation st:rubbers: their

conslruc:tiola is completed, there will I.)(;at) new full- high cost, large size, poor reliability, high energy

time posilions at tlm facility, c:onSUml)tion, and the produc:tion ot' large amounts of
scrubber sludge. Now thal the Clean Air Act

Most likely, utility rates will have Io be raised to Amendments ot"l _390have been enacted, advanced

cover the cost of the AFGD system, but tlm rate scrubb,¢ technologies offer one of the naost attractive

increase will be only about one-half of that which routes for compliance. (:ompared with their

would have been required ii, ta conventional scrubber forebears, these new scrubbers are cost-effective,

had been used lo comply with the terms of the Clean easily retrofitted, highly reliable, energy efficient, and

Air Act Amendments of 1990. Electricity consumers e:lvironmentally benign. Advanced scrubbers will be

will benefit from these rates in many ways. For an important element in the spectrum of new

example, energy-intensive industrial users buy a teclmologies that will allow coal, especially the

great deal of the electrical power generated in the high-sulfur varieties, lo successfully compete for

Uniteci States. I11a very real sense, lower elec:tricity energy markets in the "1990s and beyond.

THE INDIANA DUNES

Adjacent to the Pure Air prolect site, only about 300 feel; species more typical of Canadian forests and the tundra

away, are the Indiana Dunes National Lakeshore and the (e.g., Arctic bayberry, jack pine, and northern rose),
Indiana Dunes State Park. The Stats

Park was established in 1926, This unusual diversity of plant life

followed by establishment of the i I, i'. serves to attract a wide variety of

adjacent NationalLakeshorein 1966. wildlife to the area. For example,

Together, these _vo parks span about nearly 350 species of birds have

20 mile._,, been sighted in the dunes, ranging

from waterfowl {e.g., geese, ducks,

"1heIndiana Dunes consist of large and swar_s) to raptors (e.g., hawks,

sand dunes at the southern edge of falcons, and eagles). The National

Lake Michigan and an area of dunes Lakeshore staff even manages a

directly behind, whose cover has nearby heron rookery unit,
evolved to mature forests. With

1,445 native plant species present, From 1895 to 1934, the Indiana

the area is a botanical smorgasbord Dunes served as the laboratory for
whose variety is exceeded in the Henry C, Cowtes, a professor at the

United States only by the Grand University of Chicago who was

Canyon and Great Smoky Mountains ., ...... eulogized as being America's first
National Parks. Overlapping ranges ...... professional ecologist, Atthe Indiana

of plant species converge at the Dunes, Dr. Cowlesstudied the effects

dunes, where plants usually found in warmer climatss (e.g., of geological formations on plant communities and the

orchids, cacti, and carnivorous 'plants) grow alongside transformation of habitat by those communities. Amidst
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Thonlos _or_lis is cl T+J,Chn+dogy 'l'+Pum/,o<1<hPr

omi Pro/etl M<m¢+gorh7 PF+TC's Ol'fir<'+oJ'ChP(in (,'o¢11

TorlTnology, Ctm'ont/y, Tom is re,,+l)Onsihh,lhr Ihep

tt,,chni¢:_d mTd .tncmclgvriul din',clim7 oJ'vi_hl ()h,,ml Coul

te,chnolo,ey de.mozlsh'tHioll projo, cls in llw, ul'_',oof SO 2
control. As 1)OIY,,;Projt:cl Mcmugvr of thr Pm'o Air

AFGI) domonstr.tion proje, ct, 'Ibm utilizes his multi-

discil_linoly ln_t:k,:_rotmd lo htmdh', tl l,vith, vm'io(v

qf projecl-rt;,hTlod issue, s, inr:hiding, todmic.l,
enVil'onmel_ttH, C,ollll'(Ichlol, tm,,;iru:,_,s',and

re,guhHory conce, rns,

'Ibm n;coiw;d o B.S, in Chomislry, o 13,S. in Goology,

and <m M, S, in l;m'lh Sole, no(; --.ft'mn (Tr_hJbrl)J(1

Univemiiv of Pe,nn,s'yhqmitL Additiomdly, lw, out'nad

u ].D. in L_zwfrom l)uqt..',,,m(; Univorsity cmd is _1

l i<:e17sedattorney, 'Ibm's areas o.f inl<,rost revolve

orotmd the, common lhemt',s <).fonergy und tlw
011 viro.I] n 1 (-?11t.

the kaleidoscope of plant species found at the dunes, Cowles

recognized some patterns. As the habitat changed,

proceeding inland from beachfront to forested dunes, he

observed a succession of plant communities--ranging from

grasses that colonize the beachfront dunes to increasingly

complex cottonwood, pine, oak, and beech.maple forests.

This principle of ecological succession is important enough

that when ten European botanists were asked what sites

they wanted to see on their trip to America in 1913, they

responded: the Grand Canyon, Yosemite, Yellowstone, and
the IndianaDunes. Scientific investigations ere still performed

at the Indiana Dunes, largely under the auspices of a staff of
scientists at the National Lakeshore.

lt is fitting that the AFGDdemonstration project is located in

the midst of this environmentally sensitive area. In addition

to such features as reduced S02 emissions, production of

commercial gypsum instead of disposable sludge, and

wastewater evaporation, the project will include extensive

environmental monitoring activities.

Photo courtesy of Indiana Dunes National Lakeshore.
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PETC's COAL
PREPARATIONPROCESS
RESEARCHFACILITY.
To f'ill a criii(_:al gn 1)in the. develotm'lent of new coal potmathll of a coal prt_lmralion tt3¢:l-lnolt)gy for

i)relmration tt:;chnologii_.s [r(.)Hlapl)liod l'OS(:}_.ll'lJhiii IIm ' (:omm(-;rt;ializath)tl or the, ll(:'.xl shlg(.; ()l' dm, t_lol)me,nl,

luborntory Lo proof-of-txmct:pt (PO([:) or domonsh'atic,n For those; wh(3 mighl tta, inltwtml(::cl in using Ibis

tc-rating, PET(] has m(:(-mtly ul)gradt3d ils (;ohi l'nc:ility, wo ot'{'cn'in this ro'tic:h-;n t'ull (Icmc:ril)tion o1' the;

1Jre,13aration Lnbol'atcn'y high-bay ar(3n to lm_)vi(h-)n (_PH,Ui' oquiplnealI, tlm mochanislns for its uso, and

statc:-of-thi3-arl, t:onlinuotls lmn(:h-stmle, [(:mi facility, the points of (:Oll[a(?:l.[()r ol)lainiug mort; inf()rmalion,

The Coal Pr(:l)arati(m Pro(:t;ss t_,(,,s(mrch Facility

(CPH{Iq t:an tm(:ommodat(; a with; varii_ty of tldvnnt:ed

fine-t.:tml (:lenning, l)rOc(3ssing, und hnndling Uses of the CPPRF
e;quilmmnl. IIwill1)(3us(3d for l)en(.:la-sc:ale

de,volol)m(-,,nl, and l(mling o[' (3merging e,quil)me,ml/ "''--"_'

It;(:hnologiz3s al ralc;s of l)(-;lwe(m 100 and 500 poulldS

of fe(3d (:oal p(-:r hour. Th(-_(_PPRI '_(:an also b(3 us(3d Ii, Th(3 CPH(I :_is nvuilal)h_ for tls(_,I)y both PETC and

l)rovi(l(!,, (_:h3an(3(l(:()al h.) othm' ben(.:h-scnl(-,, pro(:(ms l3rivah._ industry r(:;s(:_,al'(:h(3rs,li is inlml(l(-_d to l)rovid(3

(leveh)prniml units al PETC or nl])rivaio-s(:;ctor stlpl)ort for:

lab()ratori(::s, lhere, l)y hi,'ll,ing to illle,graie coal

t.)r(:;l)aralion wiih oihor lec::hnologic;s in IIl¢;entire o Nc;w or C2o_llinu(3d I)(woh)lmle, nt/Scmle-U p of U.S.
(:()al ulilizntion cvc:h;, l)(;tmrlnmnt of l_nc-n'gy(l)Ol,;)-I,'undod (.:()nlrn(:tc)r

l_,(.;s(mr(:h:C()nt.:_,'pls lhnl wen-; originally d(;v(_,h)l)(3d

Tesling (:(inducted in this t'a(::ilily will l)rovide high- I)y l)rival(-; industry ni the; lal)orni(n'y s(:ale tilld

quality, t.)(-m(:h-s(::iilodata thnt ,,viii allow l)rivato showed enough l)romis(-; to then I)(3fund(3d by D()E

inctush'y to make ill[Orllled decisions aboul tlm for sc:nh3-ut.)lesting.

, PETC's Coal

Preparation
Laboratory,
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A view of the permanent precleaning and comminution areas
Facility Description from the open area that will house emerging technologies,

Boc;lust_ lhr; (H)PRI ;' was lmill wilhin un t;xistiug " t_I_c;rnumeni _:onvl;ntitm_ll l_rt;c:h,'tmiug t:in:uil:

iligh-I>_Lv;lI't.,tl,Sl_C'c:ililc:t_rl,,-;iclt;ralic)nIt_ltl i¢_l)t_gix,eu Io • ii I.Im'm_ln_;lil IIlrt_.;-slngc; t:t_mmiuulhm (c rllshinR _illtt
tht_ l_l\_'t_tilcii' Ilu_ fat:ilily. Tht_ high-l_;Lv area is t)arl t)t' gt'intling) ¢:ircuit', zintl

th_ (;t_t_llh'i_l_anilicm l.,allor_llt)rv _tntl is t','l I't.,c:llol_g, 43 • till opi.;rl, t;nu;rgingl/_;t:hllology nn-_tl,
It_t,l v,,iclt;, ;lrltl 41) l't:l-;IIliQ,h, I(H" Ktiist;r I:',uginl,t:_rsof

PillslJtlrgh, l_eI_rlsylvilnia, I_c'rt'c)rmetl Lht; _lelnilt;tt The t:mavt;nlicln[il l_rec:h.;ilning t:il't:tiil ¢:;ln lll'ot:l:ss up

_lt_sigil t_f lhr; f_l_:ilily, 1.3;lsc_tltm Kaiser's allvict;, n Io 1 ,'25 It)rls _1'i:t_ll l_e.vhour. 11c:c_nsi,,-;Ist_l' t'_i_,;,t;tl_ll

m_Jcllllur p,_l ii _h;sigrUul)gniding i:lppi'oti_:h wns c:rnshing ilncl slonlg_, _h:;,,-;liming,Iwo-slligt; dmlst_-

t'c_llc_wecl,allt_wing l()-t'clc_lc:ubic: riic_clul_._sIc_I_-;t_ve- mc_;c.tiumcyc:lcmt; ,,h;ttlliug ({_toni t_y O,(i nim ll;u'lic:h:,'-;),

ftd_ric:at¢,clwith Ihc_ i_rc_c:_'s'-;rcluilJulc'.nl in,,.;iclc-;.'l'h_ clc::wtlit;l'in_._,t_mclt.lc:l siora,u:; anti bll;iutirig, ',,v_lsle

mc_¢lull._;svvl:re Lh¢,n Inirlsl_Orled Io lhc silo, ilnct sl_lc:kecl clispc)s_ll, ;inel vx,'tlll_rc:l_u'it"ic:tilicm. II is clc_siglu_clI¢_

,.,,,,illlill lh¢_ hi_,h..ll;ly tll.'_a. The _lc:lulil tal_ri¢:tflicm ;lucl lU.ovicle I_l;l_,,t;l_lal(lll _incl 5(10 llc)ullcls lit;I"tutor clf c:¢_nl

up,u,r i¢ling x,x,c_i'kvx,_ls¢:c_nclnc:l_.;clIJy the l)imirls (_c_,cii' tis ft:;i;ctIc_Ilil_ c:cJruminlllicm c:irc:tiil cir ils ;l l'inislll,cl
I-/lut;l'i¢_lcl,Wesl Virgini_i, tinch.;r IIl_-_clin.;t:l sull_wvision ¢;ucl llrc)cltic'l,

c_l'(',ill_rrl/(.;c.mlluc_uwl';illh, whic:h llmviclc',s on-silt;

l_;c:liilic;_ll SUl)llclrl lc) I"G':'I'(:, 'l'hl-_¢:¢)lnlniriuli¢)rl ¢:irc:nil c:cnlsi,<;Iscii' tJn_ sl_lt-ll_tit' cii'):
lil.llv_;l'iZill_ _iilll Iwcl Sl_l_.ll;sof wl:;I Q,rilllliil,cz,, I1(',_ili

'l'll¢_(',IG_RI: is lil_i{ll; till iii' llli'c_; ;li'¢;_isIll,ii l'(.;¢ltlC:l.;lll¢_l'iiw iii' l)l'(;¢',ll;iirll;¢l _:c_l Io viiri¢itlS sizl;s llS

C:illl lill tll._l_l'ili(_(lirlclc;IJc_rl(h;nlly cii' iii sorit;,,-;Iii I'iru; ;1,'420 i/li(',l'{)ll,q I}.v_/,(_,1'¢1I'¢li' !,is(_,iii lira (_I}1(;1't_ill_

lll,(jvilll; flt;xil/ility: Ii-;¢',lillollJgy _il't_i cii' ns ii I'iliislu!¢l llil¢l in'cl¢ltl(:l,

';>1¢..,i
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2hd Stage CPPRF Activitles/Uses

'1st Stage Der_se-MedturnCyclone* • Contractor R&D scale-up
Truck Unloading Densa-I_lediurn (High Relative Densil:y) '

(outsidel Cyclone' * CRADAs with the private sector

(t..r.,wRelative Density.} ¢_

"-_ _,_,JiP' • PETC in-house R&D scale-up
Wet Deslirne Screen _:'_'_

• Bulk custom coal production for
O.6mm [2B mesh) _, other DOE.programs and

I_!__ outside parties

• I-ducation and traintn9 for r,he
150mm x 0 "- 500 lh/ht government, students,

(6" x O} teachers, and the public

( X_____
RawCoal ". '_ ..... _'' _ r _:,_,_._,_

Crusher
-----_ -_--_" Dry Hammevrnill(outside)

l < O.61nln

(_/4"xo) !:_:;.._#i_:,:,_#i_,_I I
;iiiii:,:)h,_i,;#il Hi-GCel_t,rifuge

__._,,,,,'iv.',,,:4J.,;:.,, ,_., .......:_!,,t,. _'_;,I l (2c)o ........hi I

i_[_i_!"ir,i _ii_| Celltrifu(je ,_;th!:
_.'_:t/;q',::_.,:',:"'l! Wel. SI;li'red

Pr'cx.lur.:l;Slllppillg C
L ..................

anti rinse screen (not shgwn)to recover I
t_e magneUte densemedium. I Tr'uc;k/Tar_kt}r Loading

II Indictates a flow direction option point j

Figure 1, Simplified Flow Diagram of the DOE/PETC Coal Properation Process Research Facility (CPPRF),
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View of the first floor of the CPPRF,

TI._, first slaD: of ,,vs,I _rirtdin_ is clone in a (:onical for storin_ the irl_truc:tions thai ('ontrol the various
ball mill, whic:h c:anrs,cluce the tx_al l(_a lop siz_ lllat i)mc:esses and equilmlent,

is nomirlally less lhan 0,(175 vllm, This I)mduc:l c;.n
IIlell I)(;so;hl IcJan emerging l(;(:hllolc)gyl.'(._c.:es,';unit The slfftwaro (_l.)eraleson II:lMAT-ccmllmlil_le 386/25
c)i'(:an I)(.',furllmr gmul.l in a verl.ic.:alsl.irre(l I._ll mill p_:u'sc)nalromputc;rs, and lira (:Oml_)uh;rsl'¢_rma loc:al

Io prc._ctu(:eI'(.;cl matc.,rialIhal is cffa lop size Ic.-,,ss areanelwork with lhc PI.,C,whic:hallc)ws indc;l)encleni
Ihall (),()2mln, ac',c:essfor u1)Io lhrc(, ope,ralcJrs,(]ralJhic:sare l_re-

sc.;nls,cl on three..'hlrgmsc_:rec.;ll,high-roscJluli(.l color
nimlilt)rs, 'rll(_ D.aphic:sIJres(_nlaticmus.s a c:usLc.ml

Facility Control System symbcel and c',oh_rsc.',hc;n.Jslarlclarclizecl for ali (lisl)lays,
'rh(; flowslmc;ts are (lisl_layecl iii various levels cff
detail, allowing lhc C_l)(:_ralorIcepan (.' z(__CmlIcelhc

rrh(; (3)t:,Id,' i)mc:c._ss(:onlrol s.vslenl usersn_ic:m- h;v(:;Iof cit;tail require(t,
cC)ml_lers thal w_,'(;seh..c:le(It() (.qlSllr(:;real-lime
c:c)lih'(_lrcsl_O_s(_allcl ralei(Icq:,:;ral(_rUleClal¢_'.The
leV'c)c:(_ss(:olllrc_lsysl(;In is attlc,ilale,(l t(enlinitlliz. Status and Initial Activities
(q)(;v'al(_r(:(_mmaucls/i_ll(;rv_;l_li_n/an¢l I() niaxinliz(_

l.)mc::c_sst'(.;(tl)a(:k .l_cl i_lslruc:li(_nalaids, Th(; hearl ..f rrIt1(;svsl(,ru, is a la_,,{.'e,;-C:al-)a_:_lY'lerC._granl_nalrl_;1o,0(: 11_:;I'ac:ilily is r,urrcnllv., u_.lc,rgc_ingits inilial
(:(_nlrc_llrr(PI.C),wl_i(:h us(_sler()(,,..,rarnrn.d_l('m(;nllc_rv, shak(;clcewuts'sliIl_,clurilig ,.,vlii_:llthe in(livicl_al
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COml)tmtmls and subsyshJnls ure, Ol:_erah;t{ iii base[im._
coridilions frmu the control rooni. This will tzulmintltc;

in a full-st:ale, int(:_gnl{od Marll lest in lhc spring. At
aboul thai time, 121.71"(.;is plarining lo llosl a dt;clit:alion

ce,rerilonv Io inuugurahl lhc CPPRF.

IVh-;anwhile, pl.ns aro boing t'ormulnh_tl for tht; t'irsI

1.)rojt:)t:lslhat will be. (J()ndut;:lt-)d within tho l'acilily in

1992, in(::lu(ling:

' lmpI'OV(_d Conl Preparaii(.)ri l:kluil)m(:mt/

Toc:luloh.)gic-)s--lh'oposals wore; rm:enlly l'OC:eived

in rt:sptmse to this Program 1,testmrcln anti

ll)t;vdopmetnt Annotllmt.,,nlt-ml (PRI]A)solic:ittltlon

arlcl are t:uri't,,iltly l.ming ovaluated. The l)rOl.losals

for:us on low-cosl, liotlr-tarn-i stratogie, s for

improvillg t'iul:;coal c:leanivlg and luuldlirlg,
COilirllcl awards will I_)enladt. _n(.-lal'lint)tllnd of the

summer, and tnarclware will I.m instalh:M in line;

CPPRF til li-le end of lhe year.

• ASPI.?,N-BasedCoal Preparaliorl Sirnulalor--

Urider t:onlrat:i lo I)O1,2,,Aspt;n Tel:hnology, Inr;,, is

dev,-;loping an advanced coal preparation simulator Richard P. Killmeyer, ft',, i, thr Gmut2 Leude,'
based on line.lr ASPEN PLUS sol'lwart;, "lihe portion .lin' Physicul Bonq/)'cialion in P1,71'(7'sCoal l_reparalion

of Iho sirnulalor dovolopt_d to dale will be (.:orl- Dil,isivn, Rich/ius worked in coal lm'4Jurulion ros(Jurch

l'igu red to si lllulale th_;CPIq4I?; PETC will li-mn ul PETC sim:v grudualing./)'om Penslsyh:uniu Stulo

(:omlut:l tesls lo verify the shnulalor's prediclioris, I/niversi(v iii Chenlical Engineering in 1:)74, l-h' hus

boon iii volved ill m (1113,d(Gbronl l'OS()tlrc]l ])ro/or:Is

• C,RAI)As for the Mit:ro-Mag Process arid Ihe (h,,uling wilh mh.'m_ct;dfin¢; eyed lJrOCt,ssin,v and

In-Sill.i Cake Hardening Proca!;ss---13ell_:h-s(:ale churuclorizution und is u coinventor q/'l.2F:l'C's

tesliilg c_l'these Iwo PFTC-devolol)ed prot:e.sses Micro-Mug lh'ocoss.
: wi I1 lm c:ontlu c:led, and PI_T(; is discussi ing lh(-;

i:)oieniial for c,ooperaliv_J ri-)Stlal'Chviii u CRAI)A l-h', is UtlrrOllllv r(,S'l)On,s'ilJh;./brlli(.lli(l,gin,f 7 lhr; ili-]lOll,g(:

- wil h seve ra l c](llln[J[lllius, (I()vf;lopnlf,'n l o.f I)hys'ic(d [)¢,nq/Velalion {of:lm olOgl'f:s

(rod lilr:',(tclii, ities in lh(' Coul th'olJurrflion l-Jrof:foss

17vs'o(lr(:h l,'(1(,'ilit.!:,

Obtaining Intormation
about the CPPRF

Tlu CIq'I_,F will provide, ii niul:h-rlot;ded tisor t'uc:iliiy

for i)roduc:ing lailort, d feed t:oal lo SUpl:lly olht;r PI_TC

all(I privah;-st;ctor rest,,ari.:helTorts ail(l for lt;sling ni-.,w
tJOa] [Jrl!;paralion i)rot.',l:tssl-.'siii tilt; [J.ndl s(ialt;, PETC is

t_agm' lo use lhc CPlq{F to furlher lhc, dl-;volollrnenl of

- technologies or e(.luipnlenl thai c(.mlrilitile Io lh(; goals

of tll_:;Coal ]Jrol;lariliiOll I)l'()l_l'{llll _.lll(.I IfJ tilo Nfdionul

: Hnol;g.l' <%'ll'fll_!,g.l.',l"or hl['Ol'lllillioll (;OllC,(Jrrlillg (lJ Iitc

: availalJilily of li_t.;f'ac,ilily, (2J (]RAI)As, (3) (:tlrrl:',rll

: Ilroje(:ls being t:oridul:lt.,{I iri lil+; (JPl-q,_l:,tJr (4) Iho

= facility's tJalJabililies, [Jl(:lit,"gig t:(lllll.il;I PI!71'(]'S(Joal .__...

e Prf,,i);iralJlJll Division al 4'J2-l'192-(1252. 'Hiv ]JlIrJIoLfI'fl]I]IS in I/lis'm'ticl. IVI:I'<! /fief!li ./i.,r IJ()]'; 11.1'lira ,S'<.'h../br,
=
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PETC's SCIENCE
OUTREACI -!PROGRA1VI
Aqa leader in coal-related research and develop- PETC continues to respond to these challenges by

ment, PETC is looking tc) the frtture. The recently enhancing ils Science Outreach Program,

released Natiomd Energy Slrateg.v views education as
a critical investment in human resources. Without a Through activiiies under the Science ()ulreach

population literate in math and science, we cannot Program, PI,2TC is reaching out to nearly ali levels of

expect to dewdop, manage, or properly use the new science educatioll l'rom kindergarten through grad-

energy technoh)gies we will need to provide a secure, uate school. Originally a program to provide research

clean energy future for ali Americans. l opportunities to college and university students
m ajori ng in science, engirmering, and ma them a tics,

U.S. Secretary of Energy James D. Watkins and Nobel PETC's Science Outreach Program extended to high
Laureate Glenn '1". Seaborg point out in the U,S. schools about 3 years age, In 1991, for the first time,

Department of Energy's [DOE's) Math/Science programs exclusively for elementary school teachers

Education Action Report that to fulfill DOE's were included. In this way, lhc Srience Outreach

primary mission... Program is becoming more, and more visible to the
academic com'nunity, both locally and nationally.

_<_. . . . to supply the '|'Iris article discusses thai portion of the program
nation with direcled at elementary and high school students

en ergv resources, a n d teachers.

technologies, and

information ()ur y0ulh are the counlry's most importanl

needed.Ibr resource, and the President has made education, in
economic particular science and mathematics education, a

progress and top priority for ali government agencies. The National
nationul seem'it3,'. Energy Strategy calls for increased effort to promole

• . the Secrelul'y o1' science and mathematics education so thai our yeuth

Ent;rgy must l)c, will consider pursuing rewarding careers in these areas.

al)le to stu.ffthe Because many U.S. youths are instead turning away

l)el.mrlmenl with from these subjects, I.:_ETCseeks to nurture inleresl al

, highly quulified the earliest 13ossible age. By educating elementary and
mathe, maticians, high school teachers in ways 1o make lhese subjects

scientists, engi- l'un and exciting as well as salisfying and rewarding for

DOE Secretary m:,_,r._,und teclmicimls, lust as important, the Secrutu W sludents, l_Erl_(]hop_,s to help lurn the tide.

James D. must b_, f_bh: to rc;lr upon (1 ,_cic'nliJ}'cal]3,(rod tech-
Watkins
addresses noh)gically in lbrmed citiz_;m'v to help churl u course

Triple E ./br l)ublic _:ll_rgy t)oli_l,. Elementary Education
Seminar

attendees. On both counts, I)()l,Ts mission needs supl)ort from

our school systems. ()ur schools need to iml.)rove the At the elemenlary level, t:'I':'I'C offers two l_rograms:

scientific literacy of graduates, ew;rail sludenl. (1) the Energy, Erlvironnmrll, and Ecormmics (Triple E)
ac:hievement in malhemalics and science; neecls Seminar and (2) the Elernentary Teacher Research

strengthening, and Ioo few teachers receive I.he Inl.ernshit_ (I!;TRI) program. The Triple E Seminar was

depth and currency of Iraining in these fields to deliver PETC's inilial entry inlo elementary education, and
instruction in a manner lhal sparks sludent inl.eresl. 1,;TRI was organized as a follow-ul).

J Naliuntd lfneiXv Slmh:Rv, l"irsl h;clilion, [J.S, (.]ovm'nrnmll Prinling (.)l'fice, Washinglon, 1)(:, li'r,ln'uary 1991.
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Instructions for li-rose and olhe, r ac:tivilies llave be,on • Scientist/l_ngi|mm' Re,mmrce Voluntt_)ors for

colh-?cted in a bookle, l eniith.',d "l_,nerl.,izir|g Strategies Educalion (StaRVE) lm.)gram. I'ICI'C has asse, ml)loci a

for lilt? l_'uture, '' whi(:h is tin're, lilly ul_der review grout.) o[' volunlt;er scitmlists ant{ maginet:;rs ft'ore its

for e,venlual distribution, Tlm bookle.l is ge.nerously lecl|nical slalT and suppt)|'L crmtraclor i.n;rsonnc'.l Io

and ath'actively illustraletl, and feature, s PETC's acl as resource per,;(ms, If;at:her consultants, or

M|'. l'.;nergy which was created by one of our ccfllege, classroom hmture,|'s/dt;|t|o|as[ralors, Ttmy may also

inlernship sltzdt;nts, sm'v_>,as rus(mr(;ll advisors lo toachp, rs or students
urltler assignm(-,,nl to I_1!71'Cdt||'ing the sunlmer or

school year. IWI'(] Iml'SOnnel hart; ovm'wllelmingly

High School Education responded to the call for volunteers, illush'aling
_, ,,,,,, their intm'esl in tlluse educalional programs.

Already, more, tllan a ¢.h)ztm teache.rs and 600

Tmr:hers (anti, in one case, studenls)al higher stuthmts have, parlic::il.)ated in various parts of

grade levels are eligible, lo I.,articipah? in thrc,,e, types llle ln'ogram.

of l:n'()grams:

• PI!;TC/Mon Valley l_duc:ation (;cmsortium Parlr|ersllip.

PI_"rc joined wilh the Mon Valley l;]ducation Obtaining Informalion
Consortium (20 s(.:hool (lish'icis in sotllhwesh_rn about the Science Outreach Program
thmnsylvania) lo dev(?h.)I) a high school s(ude, n!

rese, art:h al)l)rentit:e, shil). The l)ar[nership ernerge([ F)r further information ab(ml l)(_)l_','sS(:.ient:e

from a (x)mmon into'rest in encouraping high school Outreach l:h'ogram, please ('ontacl:
Mp. Energy stuthmls to l)ursue educalional excellen(.:e, (;Slm(:iallv
created far - I)r. Richarct E, Sleph(ms

s " _ "., trod malhemati(;s. During lilt: 1990-199/ EI,I-14PETC by ill, (.,u.ncc
Oak Ridge sch()ol ye.ar, len stude,nls from the N'h)n Valh.,,y area 3F.0(_I/Ir()I{ S

Associated served as interns al PET(.; t)nt; ttay a wt:ek for 9 wee, ks. U.S. I)t,,t)artmtml of Energy
Universities Th(:y l)e,rt't)rmed routine laboralory proce(hu'(:',s tlntter Washillglon, I)(3 20585
student (;h)se supervision and received inslru(:tion in the
Stephanie L.
Noceti of ln'Ol)e,r list; of aplmralus and materials wilh enll)hasis Teacl.:rs shouht Sln.'citically re.qt.',,4 a t:o])y of lhc IJ,S.
St. Vincent (m _._(.}(.1(t s,_|l'[_|v l)ra(:tices and l'e,q)(;(:l for Ihp, m'lviron-

l)el)ari|nenl ()f I!]nergy S(_i(;n(:p.1,](ttmalit)n Ot|tr(m(::h
College, m(,|tl, The p|'()gra|n, initial_?d in 1989, (.:()lllilnleS h)

Se,r\,i(:(_,s_:ataiog.
altral:l i|lle|'e.sled sluthmls.

l"or inf(n'nmlion al)()t|l h)(:al PI';T(; Scimlc(; ()utrtmch
• 'l'(;a(:h(:r R(;st;arch Asso(,iat(:: ('I'RA(;)an(l

l'rogranl initialives, j)h;as(: (',() I1 [ ;.1(.',[ '

_..._--'_1 St:lc'm:(:; 'I'each(?r Res('.arcll Involv(,nt(:nl
7-117 I)|'. Kea,,II. ]:,h(;e

for Vilal Edm:alion (STR[VI';)ll|'ogra|ns.
pillsl:n|rgh li;ne,|'gy 'r|,chnology (;enl(;r/,. l:lolh lhc TRAC (funde(l I()0% l)v 1.)()I'_

I // and a(lminish-;re(I I)y Assot:ial(M VV,'_sb;rn 1).(). Box 1()940
| "_''_-_ l)illsl)u|'gh, t)A 1523(i
I, .... Univ(_I'sili(:;s) and STRIVI,] (ft|nth.!(l jointly

_, . by I){)E anti lit(; Nalional St:it',n(:(', l:()t|n-
.. " -' _, (tali(m and a(l)ninisl(:r(_,(l 1)5'()ak Ri(tg(; Tlm f()llowing nml(.wial,; are t:urrt',nlly avaih|l)h',

fr()lll l)l']'['(2:

_)i.,,,.,) .,_ Ass()(:iah:(l I.}niv(;|'sili(:s} lm)t,|'atns vv(;r(;/,. ., ,_ (;slal)lishv.(l h) i)lll)l'O\,'(: tlm (lualily ()f • iXlisling (.)f h;a(;her-r(_,\,i()w(;tl r(:s(.)t)r(:(; |nat(::rials
(:dt)(:;lli()n l)y (;nhan(:ing tln.', l)|'()f(:ssit,)nal ft)|' killde|'garh:n thr(.)tlgl| sixlh g).'a(h;s,

1/ / ,( ) 6,_

( o|nl)(;l(;n(;(.: ()f s(:i|m(:e an(l malh(-:|||atics ,' l,;nergy l)(mt()nsh'ali()n Kits (f()r h)an), whi(:h

.... p l(:,('.h(:rs in nti(hll(:_ s(:h()(.)Is and high (l(m|onslrah:: basic in'i|mil)les (.)f(m(;rgy arl(l Iii(:

s(:h()(.)l,_,l)ICr(; l)r()vi(l(:s |'(;s(.,,ar(:l| (.',x- (:ll(',|'gy (;()ns(,rvalion law,

_ ; .."' "_. l.)e|'i(::n(:_s, \v(_|'ksh()l)S, a|ul ()l)l)()rl),_nili(;s " A s(:h:(:lio)_ ()f vi(h;()lal)(:s.

_ tor (:(.)niir_t|(.',(lii|h.;rat:li(m and (:olla-

/// d I_ ° A listing of I'l']'l'(' Sh;I:,VI'; \,t)lt|nl(.'ers.
. ! boralion am(m Ml)arli('il)aling h:a|:he.rs

• "_5' _'_" and research s<i(.'nlists. 1,;a(:ll l)arli(:il.)anl • A listing ()1'l(;a(;h(:|'-(te|'iv|ut Sttl)l)l(.'m(.mlal e.n(;rgy
, ,. , ,,,._, is giv(m a sl.)et:ifi(: |'.s(,.art:h assipnnlcml (:t_|')'i(;t_lt||_ mal(-:ri,ls.

__._., ,) and is assign(_d alq)r()l)rial(:: }al)(.)r_ll(_ry • l)inus'(,i,rs m)d l'(_l,'_:, l'/(mis, an (n,(:r\,iew ()f fossil
'_ fat:ililies I(.)(:o)I)l)]ele lhc assigmnm|l, (_mrgy for us(' i_| gni(](;s 4-12,

2B
z

"_ .... ' ..... _1_ I It' ..... _e"r, '_: ' 'qlr ....... IIIHtI' _lrI '|II ........ 11'[ " " '_:l)) ....... 'lt'rl'_'' ' '11'1 ' _','r," 'q_"" i_, ii,,,_t i)r, ,,,, li _,r)l_11ill'l,r lr tlll[i)l"_",')1""
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SCIENCE OUTREACH
PROGRAM PARTICIPANTS
RESPOND

From three third gradeteachers, after completing
their ETRIinternships:

lt was arcal eye-opener talking with scientists
who could actually bring technical explanations
of current experiments being explored in coal
science in basic terminology that we could
understand. ThankyouPETCand DOEfor offering
such a worthwhile, challenging, enlightening,
and exciting program. Keep up the good work.
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UPDATE
I I rl I til

Microcel ((_)Advanced Column

Flotation Technology Commercialized

As reported in the 1%11199l issue of' the PlYl'(_.Hot@w, an tldvarme(I colt mln flotation

techtlology called Mi(.:rocer_'was licensed lo I(3FKaiser Engineers of Pittsbt|rgla,
Pennsylvania, Early research on this technology was done at PI'YI'(, in I(,1_0anct
subsequent development has been pt-_rforn-md,trader I-)(.)Econtrtacts, at Virginia Tech
in Blac:ksburg, Virginia. Over the past year, Kaiser has hact much success in marketing
Microcel '_'technology in the coalfields ofcentral and southern/\pl)alac:hia.

The first commercial demonstration of the Microcel _"'was at Shell Mining Conqmny's
Marrowbone coal prei_aration plant in Naugatuc:k, West Vir,_linia,The 8-foot diameter,
27-1'oot-laigllcolumn was able to produce, a high-13ttl, low-ash l_roduc:t l'ronl the, plant's
minus "10()-meshclassifying cyclone overflow stream, Marrowbone had been un-
suc:cessful in cleaning this maierial with conventional flotation cells and had been
discarding it as refuse. Shell Mining was pleased enough wilh the perfornmn(:e of [law

IVlicrot:er*'that they are considering [he inslallatitm of several
additional columns tit the Marrowbone l'at:ility.

Thf:; succt;ss of the Microcel _'at Marrowbone has also hell)cd I('F
Kaiser market the technol()gy in the coal regions ()f'Virginia,
West Virginia, and Kentucky. Two l()-foot-diameler (25-foo1 lall)
columns have been delivered to Et-zterlJriseCoal C,oml)any's
Roxtma Prelmration Plant in l",oxana, Kentucky. Tho,se units will

be used to clean 100 mesh x 0 raw coal overflow from the plant's
c:lassit'ying cyclones.

I(.]I_Kaiser is negotiating sew_l'al other potential sales of lhe
Micro(:el'"'.The l_,a¢:eFork Coal Corporation is ('_onsith-,,rirlgthe
pur(:hase o[' three units to C1(3[11"1[! t;lassit'yirlg (:ycl()ne overflow

_:; stream til its Luke lh'el:rotation Plant iri Hurley, West Virginitr, an(l
,i_ _ the sale of fot|r 10-foot-tlitmaeter columns is being (list:usse(I with

....,._,_: the l)onal(lson Mining (.]ornl)any of Ce(Jar (;roy(;, West Virginia.
' ,_._ Additionally, the Pitlston Coal Managelnenl (]ornl)any of Lebanorl

_" Virginia, is It)()king at the al)l)lic:ation of Mit:ro(::er_at thr(:e s(.;i)arate

lo(:aiions in Wes! Virginia.
In a(l(lilion to sales in lhc coal t'ields, Mi(:ro(:er_has m,J(le inroa(ls

_i into the mineral I)ro(;essing i||dt|stry. An B-foot-diameter l)y 50-f(_ol-

.... ._,_._;,"_. ..... ville, (,eor,ia, for til)grading fine, kaolin c;lay. Three 5-f'(>()t-<liamet(._r
_:i": by 25-foot-tall up,it,'_haw_ also been sold to the Kum-AM (;ral)hite

_ _i__,_, , _' ' • (]°"lAd"°fSe°ul'K°rea'l'°rl)r°cessingl'i'_egraphil'"'

The Microcel" advanced column flotation device.
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SOx-NOx-Rox Box Clean Coal Technology
Project Completes Construction

As reportc;ct in the PET(; llP,vi¢;w Issue 3 article "Low-C:osl l<etl'o['il Tc}c:hnt}h}gies for

Re,dtl{:ing SO x, N{) x, ancl Particulalc;s," 13al}_:ock & Wilc:;ox {B&W} has clc}velol}ed Lh{;
S()x-N{)x-Rox Box (SNRB) process, an adwmced i}ollutic}:] ¢:ontrol system patellted by

B&VVli]al {:{}mbi]]{.}slh{.',rem{}val {}1'sulfur oxides {S{)x), nitrogen {}xi{h.}s(N{}x}, an{t
l}arli{:ulah_ matter {R{.}x)from the flue, gas (}1'{_{.}al-l'ire,{lI}{}ihn's in (}n{}l}ro{x.;ssunil---

a high-tettlpt;rature l}agh(}us{-;, The l]rO(.;{;sseml}l{}ys a high-leml}{:,,ra!tu'e I}agh(}use I(}

c(}mbim: parti{;ulate {:{}lle{;tion, SO x r{nnoval tl]r(}ltgh inje{;ti{}n {}i'an alkali sorb{}|]t {8u(:h

as hy{trated lit]i{+;(}r s{}dium bi{:arbc}nat{-]), and NO× re{hl{:tiot] throtlgl] ammonia injo{.;ti{.}l]

and seh:;(:tive {;atalyti{.: redu{:ti{}n {8CR}. This i}r{.}{&t_,ssnot {}l]ly a{:hiev{._8c(}mpact

h_tegrati{}n (>f the emissi(}n contr{}l te{:hn(}logies but also l:}{-;m;t'it8tY{}mthe use (}1'dPy

,,.;{}PD(-;II[{ll]{l l)y-t}r(}(hmt handling, as w(:;IIas from improve{l SGR {::atalyst life because oi'

l(}wo,re{l S{) Xand I}arti{;ulate levels, Ad(iitionally, with tlm low SO× {x}n(_:entrati{}t]in the

l'lt.l(+gas g{}il]g t{:}the air heater, iii(:}fit.le gas {2lh exit the l}lant al a l{}w{}rtenq}{,,ratut'e

without {2o11{2;{-+P11t'{}r]{tid con{tells]rh}n, This permits a significant imt)rovenmnt it] |}oiler

thermal {-',tTi{/;it;n{:y.

TIl{, t:}r{}j{,,c;I{}l:}je,{:tiv{_sare h} {::{}lle{_;t7{} lo 9{}% {}fthe sulfur t}oIlulan|s and {}vep99% oi'

lhc t"15,ash ou the bags, Th{:]SCR step sh{}uld a(_:(:c}tzntfor a 9(.}%re{lu{::lion {)1'N{}×, These

l}{;ri'(}r:nan{;{:;(}bje(:iive8 for S{.)x, N{}X, aild l}arii{:uh{te emissions {;oilh'oi "vver{_a{:hiev{-_d

iii rt}{2ol]|ly i}erft}rme{l lat}orai(}ry pil{}t-s{;ah} I(}si8 conduc:h._,{I al B&W's Alliance Research

C(-;nh;P in ()hto. Test resulls in{ti{;ah:;{t thai 70 |(} 8{}% S{) x removal was a{Bhi(::ve(.tusing a

{.;A/S m{)lar rati{} {}f2.0 t{}2.5. Variatiol]s in the sc}rl}enl inje{;tion lelnl}{}raiur{-',over a

l'_ll]_e of 9{}{}I{}1,1 {}0 {|e_,!'(-}(_,'-;[Pdid I]DI signiI'i{;anlly atTe(:l SO x rem{}val (:}tTi{:i{mcy.

I Iow{.:vt;r, el(}vah_(l bagh{ms{.; h-}|nt}{}ralur{}sar{_re(ltlir{._,{Ih} (}hb.tin _P(]{I[(2}F[han 70% S{}:,:

P{-;mt)vaI, N{)X rem{}val o[' 9{}% was a{:hiev{.;{l al an NII:/N()× m{}lar Palio {)['{}.95 l(} 1 ,{}5.

Nt-I:JN{}× sioi{:hi{}m{_try is the l}rimary t_aranlet{',r aiTe{:Iing N{)× r(!;l]!{}val,and lh{::

I}agh(}use/(:atalyst t{-}ml}oratur{,, had a s{-}{;Ol]{laryeffe(;t (}n NO x rem(}val. Parti(;ula[{}
{:;inissiol]s wet(; held far bol(}w Nt.,,w S{}ur{:e Pert'{}rman(:e Shin{lards, with (:(}lh}(:lit}n

etTi{:ieu{:i{_sgP(}{l[orli]an 9,{-},,{)%,

Th{:_,{;h:',a|] C(}al T{.;{:hll{}l(:}gye{luit}men{ has r{-}{.:{_,.llllyl}e(.;n inslalled_ and field

{t{}m{}nstrati{}n began in ivlar(:h 19!}2 al lh{; I:hlrger Pl]ni, whi{:h is l(}{;ale{I{}n IIi{_',Ohi(}

Riv{;r near Sh_.l{lyside, {}l_,i{}.The (l(-;m{}nsh'aii{}n fa{:ility is integrated with {;xislin_,

e,{luit}nlc,,nl at Ihe t}{}w{-_,Pl}lanI and will use a 5-MWe e(ltlivalellI flu(} _4asslil}-sire, am l'r(}l]a

b(}ih}r #8. S(-}veral allernatJx,(_ l_y{h"al{;d lime sorbenis, in a(l(lili(}n t{}{;{.}mmt:;rc:ial

hy{Iral(;(t lime and s(}{iiun] bi{:art}out_h_,, are being evahmh_d l{}{}i)Iimize S{) x removal.

ShaPing in lhc cost {}ftilts $11.6-n]illit}n l}roje{:l vvilh lhc l}(}i}aPimt_,nl{}fE|]{._,rgyand 13&W

_l'e lhe {)hi{} C(}al I){,,v{;l{}l}mP,nl {)l'I'i{:{;,lhr} ]'][{,,{;tri{:P(}w{.;rR{}sear(;h Inslituh-;, N(}rt(}n

{](}ml}any, MII]F_{_.s{}IaN,ii_]h]g and Manufa(:luring {](}ml}any, an{t ()hi(} E{lis{}n C{}ml)any,
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HIGHLIGHTS
. I...............

MULLED (7()AL

Processes are being clevalc_lmc.tlc)physic:ally c.:h:;ant'inely ground coal tc)yield bc-meficziated

coal produc:ls (I.:ICP)thai have rc;cluci'ecllevels cffsulfur and ash-l'm'rning mineral mailer,

In some ot' these processes, the BCP are procluc:ed as wet filler cake, a mud-like clean

coal l)rorlul:l thai rnay conlairl up lo 50% rnoislure l)y weighl, Filler (:ake, however,

presents dift'icullie.s in h'ansl)ort, han(tlillg, and end use: ii is parli(mlarly inlra(.:tal)le.
when exposed 1o freezirlg conditions, Energy International Corporalion (EIC), under

contract to PE'rc, is meeting these, te.chnical challenges by conv'.;rting filter cake inlo

fol'nls oi clean coal thai are easy LosMp Lothc-;location where they will tm used,

El(; has developed a process to convert wet filler cake into n]ulled coal (MC) in both

gel ancl granular forms, EIC's process involves aclding a pI'ol_rietary, commercially
available, oil-based dispersing reagent to t'ilter cake, The reagent anct uake are mixed

in a muller, a piece oi equil:_mcmt similar to a ¢:ement lnixer, Depenctir:g on the reagent
selectect, the filter cake is mcxtit'ied or mulled into gel MC (a paste-like substance) or

granular MC (a firm, sand-like product), In the gel form, the c:oating reagent enables

lhe wet lmrtic.:les to flow easily over one another, The granular form appears as a dry

1.m:_cluctbecause tire selected reagenl lraps the nmisture within the filter cake particles--

they will not stick together and can, therr,,fore, be pi(;ked up and transl)ol'le(t

pneumatically in air. EIC researchers were also able lo (::onw_rt granular MC into a

slurry in a continuous process by ad(ling a second reagent in line (see (liagram).

Mulled Coal Granular MC may also be [ired direc::ily in c:ombtlSiiOrl furnac:es.

I

_{___{I ' Dis rsant

• L. ,' Stabilizer,'._:_i,i:<.,,_,,,:

__ I l 1----r i
........ 4,i. I t_ -.!w_r

Screw-Feeder .,=..-.-"--- '----'-- :,.,...---.. .,----..,..--. ._-.. .-,,--. _ I ----' '.
De-Lumper __-"_-_-_- lh I_ , Additive

D-7--_'_'_a.,,_r _ | _ _ ? Density __ l Controller
i ll#lJl_/i i-ivl_411_-_! | • i • _ -- q-

Blender , ,I I Meter ;

'-'::'!'::-_I _........! _.,,
mow magram ,, n -- ,

o_e_c'_..u.oO .:::,.,::._/ }........." I Furnace
coal-to-slurry " r']'r": "_ -_- Viscosity Jt

process. "" '/ 1 Meter I
Stabilizing / | _ |

Hold Tank I[ r)_____]___.4____k__l_ #__--J
.,_ In-Line ,...,)

Recycle Pump Mixer High
Pressure
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UT_ILI'13 "All+ TOXICS STUI)Y

Thr:+ Clean Air Act ]\rrtt-mclnmnts c+t'1990 rc,,cluirc-:ali inclt++strit:_sto .plflY Ma×imttm

Ac:hit;\,al+lt,, Cc_lltrol "l"ec:hrtcJlc._gie.s(MACI') tc.+majc:n+sourc:t:,s o1' emi,,.;sic>ns oi+th_; 'IG)()

list[:d haz.r¢lous air l:_ollutants ox,',.-_rlhc; lae:.:t 10 yc:;ars, Are,a sc:,urc:,_;smust also re;cltLc'e,

emissions of thc_,se,stlL)stallt;c:;s, l)]lc_c:lric.:powe, r generating units x,v(:}l'(!3give.n spe;c:ial
c:culsicle,raliun irt the, (31t_titl Air Act Ame, nclmtmts of "l_)()t),13c-;l'oredettgrrninirlg huw

hazaMc)us air [)olltlli|ll[ (:;nlissions t'rc)rn utilitic:_s vvoulct bc:_ I'I_*gU[_I[(_CI, the, U,S,

Errvircmlne, nial Proh:_c.:licm Agunt:y (I!',PA) is re;quirc-M to c:_mduc:t a study c_t'the hc_alth

risks assoc:iah',cl with Ihtzst; t,wuistfiorts, This study se,ts utilitie, s apart ['rom other
itMustrie, s, allowing EP/\ to e;slablish re_gulaticms spc!:c::ific:allyrcdated to the_health risk

identifiucl, li' llc_risk is established, rio rc;gulaticms will I:_e,,require, cl, 'l'ho cle,l'initions of

'rrmjc)r sc._tu'c.:t-_arid MAC,T liml ttl'e givt.m in the (.]le_alJAir Ac:l Anu:mclnlents c)t''l,qgO

hec:c:_mc-:sc::c:cmchu'ytcJtl_i'ir_,lin_4softhe.utilityairtoxic:sstudy.

(;c_liec:tingacc:ttratet_:rrtissic_nsdata f'n'omelc_c'trit:power gc_neA'atingunits ar_cl

t_nc:h2vst,u_dir_gthe.c:i'f'c;c:tivc::n_:ssc_{'thedifferentt.vl_escffpolltttic._nccmtrolclc:vic:esto

l'[.qll(.)k"Olhc 190 substanc:e,s art; c){'13rirnary important:e, in dete, rmining lat-mlth risk uncle, r

lhr; utility air tc)xics study. To ac:c:c)ruplish this, I)(.)E (urMc_r tl:u_ Flue; Gas Cle,anUl_

Prc_gram). II'te_Electric: Pox,vc-.wt_c._,..;(:_al't:laInslilutc_ (I_PRI). and the_ Utility Air taxP,gl.ll_ltt.H'y

(;roul._ (I..]AI._(;),re working [c_ge.tlu;r tc_SUl_ply ernissicms t:htirac:tt:;rizatiort data tc)EPA.

13y IDc;c.:enfl_er19t.)2, this grc_up will c:hartic::to.rizt; emissions ['ron_ apl)rt)ximately 20

o])e,rtltirlg powe, r plants. Tht-.,se,data will bo. c:c_lle.c:tect]'1'o111t)owe, r plants with ctifferc-.w_l

types c)l'l_ullt_lior_ (.:onlro[ t:quil:)me.nt so thal, by tlm c:,,ndof the,study, the; e:fl'c:c:tivertess

o1'c:_tlc:heuvircmrncnlal c:cmtrc)lcle;vic:t-:in rc-:mc._vinginclivicl Lud]_azarclous air pc.fllttlants

will bf:: knc_wr_.The grc)up will sirnulttmo, cmsly Saml)le gase,ous, liquicl antl ,_olicl
matc.,,rials at rho, inl_;t an_l outlet ¢2ft-;ac:ht_l' the,c_rwironn_ml.al c:cmtrol devices. Stac.:k

c::n_i,ssions,,,,,ill also bf::c:h,rac:l_::rizt:d.

,'ks a part of l)()l._'s c:cmtribution to Ibis el'f'c_rt,a solit:itaticm was rt-:leasc-M in I:'c..fl_ruary
l _.1_t'2for l_roposals lo c'lmrat:tt.;rize, t;p._issit:ms t'ront eight c.'c_al-firtzdI:_Owc_rphmts witlain

*_mc:.tths al'tor c:cmtr,t:ts are, awarctec[. 'l'h_; _:cmtra_:ts will also iru:luclc_ opl.icms for

c:laar,c!tt-',rizing an ,clclitio_utl cdght pc_wt._ri)lants in l',}tJ3.

: I_,tm" ill l.q.q2. a s(_t:Oncl sc_lit:itaticm ,.,,,iii I:_t.,issttc-;clfor l:_rcq_c_salst<)beginthe clevl-_lcq_-

rnc:_ntc)t'a(tvanc:t!_clczcmtrol te,c:hr_t)logy tc_rt.;cluc:_ o,nlissicms c_['hazarcicms air polltttar_ts

juclgt:;tl tc_l._Ost-_tht:_grt;ai¢._st he.alth risks.

-2
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MONTAN, t CLt'.½N COAL PtK)JECT
Western C(_al Used to Froduc:, Versalile SolM Fuel Alterlltllive

'I'he (]h::ali C(,lal 'r(tc_hnolc)gyPrc_granl's Aclvallcu(I C]oal Coiwc-_i'sicmProcc-_ss(ACCP)
17Jeintmslratio_,aProit-_c:tis being built all jar:anl to one of Lhc:nalion's largusl coal iu(ties.
Tlm ACCP IJr_,_(:ess[n'c.)c:tuc:esa sym.:¢ml lhal can (Hllilllll:(_ lhc-) tls(] of VIISIsupplius vi'
PowclcJrRiver IE_lasiiland other low-rank coals l)y rudut, ing moislure, ash, alld sulfur
(.:onlenl while I)_()oslilagla(Jatillgvalt,; and avoiding lh(, rt;absorl:iti()n of nioi,._lurel)y the
produt:t. This pr'ocuss will allow utilities lo use, more wusturn coal as th(.)yt'acothe strict
rutlulrenmnts oi the (]le(u1Air Act Amundm(;nts or a990.

Westerp.. Energy Ct)rrll)tmy (a su i_)sidiary o1'M()n lanti Pow(-u'Corni)aoy) stq.)I)ortud the
(:leve,lolml(;nl of this (:lean (:oal luchnology and originally signed a $(19-milliori
(:o(ipuralivt-Jiigrueilne,ill wiili I}OE to buil(l and operalu lhc demonstration project undur
the l'irsl round tip tlhe(]lean Coal T_)clulology Prograni, Stlbseql.iently,Was(urn Eriergy
joinacl with lhe NI_(; (;ro(lp (asut)sidiary ()t'Norlhurn Slai(_sPower Colnpany) 1ol'ornl
the Rosubud Syll(;; lal Parlnorshitl, whi(.:h now owns lhe I(;(',himlogy, 'rhc_Rosubud
Syri(:oal Parlnursh iii will marlage the denmnsh'alloll l)roju(:t arid, illOSl iniporlarllly,
will oral'SUelhe i'tt!tllre (;OllllllurcializtillOll acliviiius,

When operaling (',on,lth'ulotisly,the denlol-istralion pianl will produc,e 1,[)00 Ions per
day (til) lo 300,000 lo_nsper year) cii' lhc syricoal proclti(;t, "l"hodenlollstralioi_ phult is
al)oul tme-lt.;nlh lhc si.zeol'a 3-milliol-l-loi-is-of-lorodii(::l-per-yuarc;ommor(:',ialt)lanl ([)til
the process t:)qtlil;iniul$<l.'used in this denlorislration is of (',Olllnlurcitltscale), Therefore,
a full-sizu(t l)lanl will (:oasis( of multiplu process {r(,.ins.

Pilot tests al 200 p()tlli(t:sper hour that were (.;oriductud prior tOthis project coiffirmed
the,1)otunlial of thu AC(,'LI_lira(ass, In these lusts, syncoal produ(_ed froln Rose,bud searn

ACCP
Demonstration

Project
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subbituminous c:oal was tested for stm'ago, handling, transportaticm, and combustion

charac,teristics, The upgraded coal produc, I is stable and has less than 5"/)moisture,
sulfur cent(rats as low as 0,5%, ash contonl of abouI 9%, and a healing value of tlp to

"11,800 BItlS per t.)otllld,

There are lhree major stops lo tlm AC(SP process: (1) thermal tl'oatlllOll[ oi'coal in an inert

atlnosphoro, [2)inert gas cooling oi' the hot coal, and (3)removal of ash minm'als, l)uring

the thermal Ireatment process, raw coal from tile stockpile is screened and fed inlo a

two-stage thmunal processing system, In the first stage vibratory I'luiclized bed reactor,

surface wate, r is removoct from Ihe coal by direct heating with a hot c_ombustion gas,

When coal exits lhis reactor, its tempm'aturo is slightly higher than thai required to

evaporate walar. Coal is further lmatod in a second slago thai removes port,' water and

promotes dec,arboxylatiola, Pm'tit:le shrinkage during this stage destroys moisture-

retention sites and causes the mineral matter to be liberated from the coal i)artich._s,

The, coal then ante, rs the, cooling stage, whore the toml:)erature is reduced to less than

150°F by contact with an inert gas (carbon dioxide and nttroge, n at 100°F) iii a vibratory

fluidized bed cooler. In the last part of tlm coal cleaning system, cooled coal is fed to
de,ep-bed vibrating stratifiers to separate tlm liberated mineral matter by gravily t'rorn

the coal. The light syncoal fractions are sent to a product conwyor, and heavier
fractions go to fluidized bed separators whm'e additional syncoal is recovered ti'onl the

ash material. Firms and dust [rem various parts of the cleaning p._'ocess are collected in

baghouse, s and cyclones, made into briquettes, and sent to storage silos as part ot' tlm
l'inal procluct.

l_'ollowiilg ground-breaking in March 1991, construction quickly progressed and is now

complete, Two 6,000-1on-(.:apacity (:oncreto l)i'odu(:l storage silos, the main coal

processing facilily, and auxiliary buildings, including a main admh]istl'ation bull{IlllC

; wilh t:ontrol room, ltave, bi;en built. Start-up and (:h_:)c:k-otlto[ variotls facility process

sections are underway. Full operations will start shortly, tosl I)urn activities will start

cturing tlm second querier of 1992, and Lh(-;overall project is scheduled tor COlnplc;tior,,

by 1996.

TIllBOELECTROSTA77C DRY COAL PHEPAtL4TION

Coal proper]lion involves se.paratil]g mineral nlatt(:)r l'rorll the cond)ustihle l)ortion of

--- coal. This separatiori is important to, emetic otht-;r things, iml)rovo the (:onll)tlslion
characlorislics of lho ct)al and reduce the c nission of sulfur oxides Ihat results from

burniag the, pyrite, il] tlm c:oal. Traditionally, coal l)rtq)aralion has boon based on tlm

diff(.;rences in density or' stlrfaco properties beIw(3on the mineral mailer and the. coal,

Tlw, se lype, s of separations, conduc:l(._(t in aqtl(_Ol.ls slurri(._s, have beml eft'tmtive for fine

coal systems; however, removing the water from the rt_sullirlg fine coal slurry produ(:l
can be difficull,

One. way Io avoid lhis problorn is Io use a (lry preparation to(:hniqu(_. This has becm lhc.

subj(-ml ()fan _xt(;nsive sttl(.ly at P1CF(.;on 'I'l'ibot_lectroslali(: kl(>,lud'iciatiorl, El(mtrosttltic

m(_thods for (:loaning or(;s hay(:) I.)(mnused sin(:u the late 18()0s. Tlm application ot'lhose

m(;lhods tc)(_oal also has a long history, Work al PETC has ['octlso(l on the use of
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triboeloctric charging of fiue coal particles [ollowod by separation in a slali_: high-

voltage electric ['tokl. Triboelectrtc charging occurs when two dissimilar materials vi.lh
against one aIlolho.r, and ii ts this process thai is responsible l'or sialic t:ling,

A number ofrosom'ch groups in the Unllecl Slates, (]anada, alld Italy have worked with

triboelocti'ic syslmns, but the work al PF,TC has l'octlsed on using a totally I)r|t-_unllllic

sysiem for improved mineral ma:flier remvval iii l'Jno co_ll. Iii lhis syslmn, tht_ c,otll is

ground to loss tllart 50 microns and enlvaint:d in a gas Sll'(3tllll thai t'orct-_sIlu_ parllclt_s

lt3 sh'ike a copptw stlrface (se_:_Figure 9 on pagc-_123, Impact with flu3 c;opper suffa(:e

causes the mineral matter to acquire, a negative electric charge and the coal to acquire

a positive charge, The entrained charged particles aro then introduced llnnledialoly into

a slatlc voltage field, where the (x3al particles are attracted toward lhc negatiw-', plate and

the mineral matter partic:h3s mow_ to the positivt_ plate, Because3 this separation inw_lvos

gas-entrainod fine partich_s, the aerodynamics (air flow and air turbuhmco) within the

separator aw v_wy important for efficient separations, Under ideal cmlditions, this

pl'OC,eSS ha8 been able to separate a high-ash, high-sulfur Illinois #6 coal contairting 24%
slsh hlto slclean (::(3alfraction contain ing lc_ss than 5% ash s,nd a minl3ral matt(3r t'ractiorl

containing more than 60% ash at a conabuslil_le recovery ot'groater than 70% into the
clean coal fraction.

Current work on this project involves designing l:n'actical separators thal can ov(:,,rco|ne

the problems inherent in the corltilltlotls handling of fine, electric:ally charged, cont-

bustibh3 dusts, Significant progress has already been rnade by proct_ssing approximately

"LOpounds of cowl per hour using a separalor lhal is cmly "10inches long, hl an ideal

separator, tlm coal would be separated into two strotlnls--.on(:) mir|,_ral matt(3r and thc_,
other t:lean coal_wilhoul atlachmenl of the products lo the separator plates Imc'aust-_

- attachment leads to colloclion problems, PETC has dosignod and is t_sting this type, of

s_:rparaiion scheme,

GAS REI-3 URNING-SOFtBENT INJECTION EXCI_I'_,DS EXPti, C FA HONS

l_nt.,,rgy anti Environmerltal Research Corl_oratlol s (I,?,ER's) Gas Relmrning-Sorbent

: Injl3ction (GR-SI)retrofit tit Illinois Power's I-tennepin Station is now iii operation and

pe,rl'orming better than originally i)rojected. The emission coiltro[ sysiem has beell in

operation since, January "199:1,and l'l:)(](:,ql[ l_(:ls[data basted on 1- lo 3-hour, slaort-tevm runs__

on the conabiried and fully integrated system have shown de(:reases in NO x stud SO 2

emissions in excess ot' 70 and 60%, respectively. These data are compared with

_" emission levels before the boiler was modified for GR-SI, Original pl'ojecl.iolls vver(_ for

60 arid 50% reductions, reSl:_ectively.

These l}relilninary test results 13ro{tu{:{3{lan additional bc-;nefil. Even tlmugh {_:alciunl

- hydroxide srorbent was added to the boiler as a fine particul_,te lo pick up SO 2, there was

no detectible increase in stack plume opacity. A good p lulne opucity was maintained
because the hurnidific:sltion syste, m that ha(l I)een designed arid install(,,d by HER

['unctione, d pml)e|'ly, t-turnidifictlli(m is used to shrink tll(_ volunm of gas erltering the

ele(:lrosiali(: pre(:ipilator an(l allow it lo hatl(ll(_ higher parti(:ulaic; l(3a(ling,_ more,

el'fi:,ctivelv. With lhe,se l'avol'able lest results, ii was multmlly agve(,,d in Augu,;I to I.)(3gin

_
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ft-to 1-year durability tost to c:onftrnl this perlc)rnmrxce in normal utility service, Tlae

l-year durability test will prove the ccmcept of GR-SI because load-l'olh_wtrxg will

b-erequired,

The Herirmpin work is one o1' the two Cdx-, I retrofits being t:oncluc:ted by I,:ER its part

of Rouncl 1 of the LI,S, l)epartmmtt o[' Energy Clean Coal Tec:lntology Prograrn, This

$30-millhm project is co-l'uncled by DOE, the Gas Research Institute, and the State of

Illinois, Tlm Hennepin rob'of it is on Unit 1, an 80-MWo tangentially t'ir_d boiler owrmd

and operated by Illinois Power. The second site is Lakeside Unit 7, a 40-MWe cyclone-

fired boiler operated by City Water, Light, arid Power in Sl.n'lngf'ield, Illinois. Phase II

was completed at the Lake, side station in I)ec:mnbm', Phase IIi, which inc, ludes long-
term olmratiorts, reporthlg, and restoration, t,_now underway,

GR-SI integrators two emission control technologies thai can }:mretrofitted to ali types
of (.:oal-fh'ed boilers for cost-effective NOx and 8(.)2conh'ol, (;as reburntng involves

firing 15 to 20% natural gas along with the coal, The gas is, injected into the furnace

above the main coal combustion zone, The NO x formed' l'r'0m _coal combttstiort is

"reburned" by fiie gas and reduced to nitrogen, the main c,,o.mpo!mnt of ah', Additional
combustion air is injected above the reburnhlg zone to usa Ibe. energy c',ontm:lt o1' the

{

natural gas and tw complete combustion,

Original design cah:ulatior|s projected a 609,[,NO x reductimx whorl injecting natural gas

in the range of :15 to 20% of the heat input to the boiler, At ijIenrmpin, NO x was reduced

by 7 7% with an 18% input ot' natural gas, 'this reduced the cost o[' operation per ion

C' NO xcontrolled by 28% when comparecl with the clestgn basis of 60%, Thus ftu', urlder

long-term, load-following operations, decreases in NO x emissions have been in the

range, of (;0 to (35% c:oml)ared with tlm pre-GR-Sl operations.

In general, sorbents react with SO 2 in flue gases to form sulfur-containing solids that

arc; subsequently separated frorrl the gases before they leave the stack, When calcium

hydroxide is injectecl into the furnace, it reacts with the. SO 2 tw form calciunl sulfate
(gypsum), Ai Hennepin, dry c:alcitml sult'at(:_ powder is recove.red along with the coal

ash in an electrostatic precipitator, The EER installation inchtdes st)ray humidification

iv enhance precipitator perf'ornmnce, The Hennepin tests have also achieved the
sorbent utilization originally projected. The sorbent injection rate was revised to

dec;tease the cah'iun>to-sulfur ratio from 2,0 to 1,75 for better econorny, The spray

humidification system was etTective ill maintaining stack opacity at baseline levels
even with the int::reased sorbent injection rate. Under the same long-term operatirlg

conditions cited above, durirlg whi(sh 60 to 65% NO x reductions were demonstrated,

SO x |'ecluctions of 50 to 55% were also achieved,

t_i?;Rdeveloped GR-SI to provide low-cost retrofit NO x and SO 2 control for coal-fired

boilers. Gas reburning can also be integrated with other control technologies tc) meet

specific emissi()n control goals. On another clean coal project, EEl:( is demonstrating

gas reburntng when coupled with low-NO x burners for high-efficiency N(-)x control,

Based on the results of these projects, EER will offer the gas reburning and integrated

emission control technologies to utilities for cise in complying with the Clean Air Act

" Alnendments of 1990. The improved performance measured in these tests will translate
to lower en_ission rontrol costs for utilitie, s,

-

-

37



I ' '"'" "

PE'rc Review • Spring 1992
, m •. ....... ,

RECOVERY OF FOSSIL RESINS .FT_OM COAL

Certain bi tu ruinous c,oals from tile western tj n tlcd S ta Ius co n I.atn al.}proc labl oqua n tittes

of fossil resin (resinite), Stmh reshmus {foals are found in Arizona, Goloraelo, New

IVlextco, Utah, Washington, and Wyoming, Coal from lhe Wasatch l%l{..]au coal fMd

in Utuh has a particuhMy high c:ordont of fossil resin; many s(mms in Ibis l'Md average
aS lrluch as 5% reslll,

Fossil resins have been recovered Intermittently t'r{}ln tile Utah {:DIIIfield since 1929 by

gravity and/{}r flotation l.}rocesses, The resin concentrate,,_ produced from fh)tatton can
be ret'hmd by solvent extraction and ewq}oratton of the solvent, Tile solvent-refined

product has a market value o1' til least $1,00/kg as a claernical comnlodity an{I can b{}

used irt the ink, adhesive, rubber, wn'nish, enamel, paint and {:oaltngs, and thermo-

plastics industries,

However, because of a lack of technology and the COml}etltton from synthetic i'esills,

the wlluable fossil resin resource from western coal has been wasted l:}ybeing burned

together with coal for elertrtc power germratton, Annual coal I:)roducti{m from this

region is about 10 million Ions, Assuming that the cual COlflains 2% resin and has a

market w.due of $'l,O{}/kg ($lO{}0/ton), tlm
fossil resin in the coal that is burned each

Price River year for electric I}ower generation has a
wllue oi' $200 million, Therefore, the

, Skyline cost of the coal could be offset by the
Bel soiling pri{::e of the resin,

Beaver Creek

When solvent-refined fossil resin from

Plateau Utah coal iu used as a feedstock in the ink

industry, it can provide thermal setting

Mine sites in Utah's King pr(.)l}erties superior to those of any of

Wasatch Plateau Co-op II-to synthetic resins available from the
coal field, petrochemical industry. This feature has

Deer Creek become I)articularly signtficard today because

Des-Be-Dove of the develolmlt, nt of high-sl:}eed i}rinting

Trail Mountain technology,

Work is in l:}rogress on new t'l{}talion lecllnologies

: that will l:}rovide a highly effichmt means h} selectively

; recover fossil resin from coal. A I.)roof-of-{'(mCel}l c{mlinu(}us

flotation ch'{:uiI (about 0.1 Ion l}er hour} has b{-}ei:tdeveloped

that resulte,{l in more than 80% recovery of fossil resin til ab(}ut

the 80{}/}concentrate grade. Economically, tim selective fh}tali{m

process al}pears sufficiently pr{}misirlg to justify Iii{:}deveh}pment

ot'a fossil resin industry based on this new t'h}tali(m l}ro{:ess,

Knight

,r!

38



i

i ....

t

PETG Review • Spring 1992

NO x CONTBOL PATENT LICENSED

PETC till(.[ NOXSO Corporattort recently sign_d a license agreement that gives NOXSO
the exclusive righi to market a technology patented by four PETS employees, The

license agreement marks the transfer of an hllportant proces!" p_it,,nted by a DOE
technology center to private Industry, As cited tn the National _;'.,_:1_yStrategy, the
Stevonson-Wydler Act made technology transfer a mission of Federal laboratories; and
the subsequent Federal Technology Transfer Act, an amendment to Stevenson-Wydler,
permitted laboratories to enter directly into cooperative agreements with industry and
to license patents.

The patent described a process that would destroy NOx in gas streams containing high
concentrations of NOx, The researc, l_ers discovered that adding srnall amounts of

- methane to the NOxstream_a process called methane doping_before injecting it into
a combustor, irnproved NOx reduction efficiency. The NOx can be injected into the
burner and then subsequently into the combustor by various routes. Data obtained with
PI']TC's 500-1b/hr coal combustion unit indicate that the addition of small amounts of

metha:ne to the NOx stream greatly improves the in-fimlace NOx reduction efficiency,
- 'rests showed near-complete reduction of recycled NOx, Other hydrocarbons or

reducing gases could also be good candidates as doping reagents for in-furnace
NOx reduction.

NOXSO isa dry, regenerable process for cornbined SO 2and NOx removal that produces

a concentrated NOx stream as part of the regeneration step. By applying the licensed
technique, destruction of the NOxcan result when the stream is doped and injected into
the coml mstor.

This patented technology will be tested as parl of a larger project at a 6-million-Btu-per-
hour, small-boiler simulator at the Babcock & Wilcox (B&W) Research Center in

Alliance, Ohio. The B&W boiler is a single-cyclone boiler with a configuration that
appropriately simulates a larger belle1 at Ohio Edison's Niles generating station that
will serve as the host tbr the first full-scale demonstration of the NOXSO process under

a Clean Coal Technology award.

-

=
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RD&D Awarms
_ Hl _ IIII III I

Research, Development, and Demonstration (RD & D) Awards are awarded by PETC as (1) grants to
universities, (2) contracts, or (3) clean coal cooperative agreements with industry, They support key
scientific and engineering projects identified by PETC as vital to the nation's energy interest, For

reports resulting from these contracts, please contact either:

(1) for DOE employees and its contractors (2) the general public
Office of Scientific & Technical Information National Technical Information Service

P,O, Box 62 U,S, Department of Commerce
Oak Ridge, TN 37831 5285 Port Royal Road
(615) 576-8401 Springfield, VA 22161

(703) 487-4650

Please be aware ttTal there are.fbes cozmected with these services.

Date of Award Awardee Project/Contract Number

Oil Program
08/23/91 Interstate Oil Compact Evaluation Methodology ['or

Oklahoma City, OK Technology Transfer
FG22-91BC14818

09/06/91 State of Louisiana Analysis of Environmental
Office of Conservation Constraints of Expanding
Baton Rouge, LA Reserves in Current & Future Oil

& Gas Reservoirs in Wetlands
FG22, ')1MT91004

09/12/91 National Academy of Sciences Future Direction in Fundamental

Washington, DC Advanced Extraction & Process
Technology
FG22-91BC14836

09/18/91 National Academy of Sciences Future L)irection in Fundamental
Washington, DC Advanced Extraction & Process

Technology
FG22-93 BCl 4837

09/25/91 Reservoir Engineering Research Consortium on
Palo Alto, CA Fractional Petroleum Reservoirs

FG22-91BC14835
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Date of Award Awardee Project/Contract Number

Coal Preparation
08/2,3/91 Purdue Research Foundation Characterization of the Organic

W. Lafayette, IN Sulfur-Degrading Enzymes
FG22-91 PC91289

08/26/91 t.Jniversity of Ala|mma Coal-Sand Attrition System
Mineral Resources Institute and Its hnportance in Fine Coal
Tuscaloosa, AL Cleaning

FG22-91PC91280

08/29/91 State of Illinois StiI)port of High-Sulfttr
Energy & Natura!. Resources Coal Resear(:h
Springfield, IL FG22-91PC91334

08/29/91 tJniversity of Kentucky Non-Intrusive Measureinent
Chemical Engineering Dept. of Particle Charge: E!ectrostalic
Lexington, KY Dry Coal Cleaning

FG22-91 PC91290

(/9//11/91 Pennsylvania State University Semiconductor Electrochemistry
Earth and Mineral Sci.(;nce Dept. of Coal Pyrite
University Park, PA FG22-91PC91303

09/17/91 Tuskegee Institute Liquid Chronlatographic Analysis
Kresge Center of Coal Surface Properties
Tuskegee, AL FG22-91PC91283

()9/18/91 Virginia Polytechnic Institute I)evelol)ment of the Selective,

and State University l-tydrophobi(: Coagulation Process
Blacksburg, VA FG22-91PC91164

Liquid Fuels
08/23/91 Atlburn University Low Severity Coal Liquefaction

Ch emit:al Engineering l)epl.. Prom oied by Cyclic ()M'in s
Auburn, AL FG22-.91 PC91281

08/23/91 SRI Inl.ernatiolml Dispersed Catalysis for (k)al

Ch emi stry Lab Ol'atory Liq uera ct ion
Men 1o Park, CA A C22-91 PC91039

08/28/91 Unive, rsity of Kellltlcky Advanced Coal Liquefaclion
l;_esearch Foundaliorl Col-lCei)ts for PETC Generi(;
Lexinglon, KY Ben(zh-Scale Unit

A(222-.!)1PC91040

08/28/9I Western Research Institute Use of Solid-State NMR

Laramie, WY Techniques t'or the Analysis
of Water in Coal' Effect of I)ift'erent

Coal Dryillg "]'e,(:hniques on the
Structure & Reac, tivity of Coal
FG 22-91 P(.;913 10
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Date of Award Awardee Project/Contract Number

09/27/91 West Virginia LJniw._rsity The Economical Production of
Energy & Water Research Alcohol Fuels from Coal-Derived
Morgantown, WV Synthesis Gas

AC22-91PC91034

09/27/91 University of Chicago Molecular Catalytic Coal
Chicago, IL Liquid Conversion

AC22-91PC91056

09/30/9.'1 Dow Corning Corporation Methyl Chloride via
Midland, MI Oxyhydrochlorirmtian of Methane

AC22-91PC91030

09/30/91 UOP, Inc. Develop Extraction Process for
Corporate Research Center Removal of Heteroatoms from
Des Plaines, IL Coal Liquids

AC22-91PC91057

Coal Utilization

08/23/91 Virginia Polytechnic Institute Alkali Corrosion of Ceramics at
and State University High Temperatures in Coal
Blacksburg, VA Gas Environments

FG22-91PC91309

08/28/91 Brigham Young University Particulate Behavior in a
Mechanical Engineering Controlled-Profile Pulverized
Department Coal-Fired Reactor: Coupled

Provo, UT Turbulent Particle Dispersion
FG22-91PC91308

08/28/91 Grambling State University Rheological Properties Essential
Grambling, LA for Atomization of Coal-Water

Slurries (CWS)
FG22-91 PC91292

08/29/91 Rice University, Coal Combustion: Effect of Process

Chemical Engineering Department Conditions on Chain Reactivity
Houston, TX FG22-91PC91307

08/29/91 Georgia Technology Research Corp. Supercritical Thermodynamics ot'
Chemical Engineering Sulfur and Nitrogen Species
Atlanta, GA FG22-91 PC91287

08/29/91 Georgia Technology Research Corp. ttigh-Temperature Electrochemical
Chemical Engineering Separation of H2S froln Coal
Atlanta, GA Gasification

FG22-91 PC91288

09/03/91 Vorte(:: Cort)oration A Coal-Fired Combustion
Collegeville, PA System for Industrial Process

Heating At)pli(:at ions
AC22-91PC91161
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Date of Award Awardee Project/Contract Number

09/11/91 University of Tennesse, e Sorption and Chemical
Knoxville, TN Transformation of PAHS

on Coal Fly Ash
FG22-91PC913{)6

09/13/91 Clarkson University A Computational Model for Coal
Potsdam, NY Transport & Combustion

FG22-91PC91297

09/:18/91 Stanford University Nitration of Polynuclear Aromatic

Palo Alto, CA Hydrocarbons in Coal Combustors
and Exhaust Systems
FG22-91PC91284

09/17/91 Clark Atlanta University The Role of Catalyst Precursor
Chemistry Department Anions in Coal Gasification
Atlanta, GA FG22-91PC91286

09/17/91 Energy & Environmental Development of a Reburning
Research Corporation Boiler Perfornlance Model
Irvine, CA FG22-91PC91159

09/17/91 Massachusetts Institute The Role oi' Core Structure

of Technology on Char Reactivity
Cambridge, MA FG22-91PC91294

09/18/91 Massachusetts Institute Direct Catalytic Decomposition
of Technology of Nitric Oxide
Cambridge, MA FG22-91PC91293

09/19/91 Pennsyh:ania State University Hydrothermal Reactions of Fly Ash
: Materials Research Lab FG22-91PC91302

t/niversity Park, PA

. 09/26/91 Fosler Wheeler Development ot'a High-/-erformance
-- Development Corporation Coal-Fired Power Generating System

Livingslone, NJ with a Pyrolysis (;as & Coal-Fired
_ High-Temperat ure Furnace
. AC 22-91PC91154

09/30/91 ABB Combustion En_,ine_,ring Development & Testing of
Willdsor, CT Industrial-Scale Coal.-Fired

Combustion Systems' Phase III
: AC22-91PC91160

= 99/39/91 Coal Technology Corporation Dew,qopment & Testing of
-_ Bristol, VA Industrial-Scah_ Coal-Fired

- Combtistion System
: AC22-91PC91162

=_
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Date of Award Awardee Project/Contract Number

Environmental Control Ibchnology
08/28/91 University of Cincinnati Low-Temperaltn'e SO 2 Removal

Aerospace Engineering with Solid Sorbents in a
& Applied Mechani(::al Engineering Circulating Fluidized Bed Absorber
Cincirmati, OH FG22-91PC91336

08/29/91 University of Michigan A Novel Integrated Treatment
Ann Arbor, MI System for Coal Wastewalers

FG22-91PC91295

09/10/91 Aquatech Systems Combined SOXNOX Control via
Warren, NJ SOXAL: An Eleclro-I)ialytic

Regenerative Wet Scrubbing Process
AC22-91PC91347

09/18/91 NOXSO Corporation An Experimental Study of NOX
Library, PA Recycle in lhe NOXSO Flue Gas

Cleanup Process
AC22-.91 PC91337

09/30/91 ADA Technologies, Inc. Flue Gas Conditioning for
Englewood, CO Improved Particle Collection

AC22-91PC90364

09/25/91 Battelle Memorial Institute Characterization of Air To×its from
Columbus, OH a Lal)orat()ry (_]()alFire, d (k)mbustor

and Utility-Scale Power Phmts
AC22-91 PC90366
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Htu-EmcicY FiNECOAL
PREPARATIONCONFERENCE

Oa 0000 0 O0 • O0 • • O0 • ®00

MountVernon,IL
August12-14,1992

_'pollsors

t.,S,DepartmentofEnergy- PitksMrgl_EnergyTechnology(,enter (I)OL/II,IC)
'CiaeCenterforResearchon Sulfurill Coal((;RS(;)

Organizers

Y.P,Chugh,SouthernIllinoisUnivel,'siW(SIU)
. (V(,CMI)R,H,Yoon,Virginia(]enterfor Coaland MineralsProcessing ' 7

Pllrpose

Theworkshop,,viiifeaturepresentationsbyrecognizedexpertsin coal preparationprocesses

dealingwith increasedyieldand pyriterejection,ParticiI)ationin theeventis expectedfrom major

coal companieswithoperationsin the IllinoisCoalBasin,

Thepuq)oseof theworkshopisto transferinformationregardingrecentlydevelopedtechnological

advancesthat havethe potentialfornea>term applicationin the coalfield,'l_echnologytransfer

concerninghigh-efficiencycoalpreparationmethods,in particulm,willpromotethecoal industry's

technicalcontributionstowardachievingthe environmentalqualitygoalsexpressedin both the

Na/lo.al EmlD' Slralegyand theCleanAirActAmendmentsof 1990.

For more information
• ) ?' 'CPat Barnett,I)OF/I1_1,, 412-892-6139

P,ickyHonaker,SIU,618-4.53-7910

ltugh Rimmel,V(,(,MI,703-231-4508
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PUBLICATIONS & PRESENTATIONS
.... iii i lii l i i .....

COAL PREPARATION The Role of Water in the Caustic Leaching ot' Coal,

Recent Developments in Coal Preparation. Nowak, M.A., Fauth, D.J., and Knoer, J,P.
Balzarini, J,, and I-lucko, R.E, Processing and Utilization of High..Sulfur Coals IV,
Proceedings, Sth Annual In,o.rnational Pittsburgh Coal pp. 399-406, Dugan, P,R., Quigley, D.R,, and
Conference, 218-228, October 14-18, 1991, Atria, Y.A,, eds., Elsevier Science Publishers,

Pittsburgh, Pennsylvania. Amsterdam, 1991.

Coal Preparation Efficiency Improvements-- Reactivity of Pyrites and Dislocation Density.
A Developing DOE Interest. F}ollack, S.S,, Martello, D,V., (;raham, R.A.,
Barnett, W,P. Diehl, J.R., and Tamilia, J.P.

Fine Coal & Coal Blend Processing Workshop, Proceedings, 1991 Interrmtional Conference on Coal

April 29, '1991, Evansville, Indiana. Science, 885-888, September 16-20, 1991,
Butterworth, Oxford, England.

Coal Preparation Efficiency lmprovements_
A Developing DOE Interest.
Barnett, W.P. CLEAN COAL TECHNOLOGY

8rh International Coal Prel:}aration Exhibition & Results ti'om IJMB Extension

Conference, April 30, 1991, Lexington, Kenlucky. Testing at the Ohio Edison Edgewater Station.
Arrigoni, T.W., Hoffman, J.L., Goofs, T.R,,

ttigh Efficiency Preparation---A New Thrust in DePero, M.J., Purdon, T.J., and Nolan, P.S.
DOE's Coal Preparation Program. SO 2 Control Symposium (EPRI, EPA &DOE},
Barnett, W.P. December 1991, Washington, D.C.

American Mining Congress Coal Convention,
June 5, 1991, Pittsburgh, Pennsylvania. U.S. Department of Energy Clean Coal Technology

Program: Implications for Waste Management,
Coal Surface Control tbr Advanced Bajura, R.A., and Ruppel, T,C,

Physical Beneficiation. Si}ring Forum, Ohio Alliance for the Environment,
Feeley, 'I.'.J. /vlanagement Options for Coal Combustion
Processing and Utilization of ttigh-Sulfur Coals IV, By-Products: Waste or Asset,
pp. 195-204, Dugan, P. R., Quigley, D. R., and June 11-12, 1991, Columbus, Ohio.
Altia, Y.A., eds., Elsevier Science Publishers,
Amsterdam, I 991. Demonstration oi' Advanced Tangentially Fired

Combustion Techniques for the Reduction oi'

Recent Developments in Nitrogen Oxide (NOx) Emissions t'rom Coal-Fired
Advanced Coal Cleaning in the United States. Boilers.
Feeley, T.J. Ella, G.G., Hardman, R.R., Wilson, S.M.,
42nd Annual Meeting Mining Engineers Institute of and Eskinazi, D.
Chile, October 15-I 9, 1991, Concel-Jcion, Chih:.,. Intei'national Joint Power Generatiorl (;onference,

Octot}er 6-10, 1991, San Diego, {;alifornia.
New Directions in DOE's Coal Preparation Program,
ttucko, R.E. Demonstration of TransAlta's Low NOx/SO:,. Burner.
Proceedings, 8th Korea-U.S. Joint Workshop on Coal Ella, G,G., anti Fraser, W.L,
Utilization Technology, IV-3 to IV-20, International Joint Power Generati{}n Conl'ere.n{:e,
Octot)er 28-November 1, 1991, Seoul, Korea. October 6-10, 1{t91, San Dies(.), Califorrfia,

X-Ray Photoelectron Spectroscopic Study of the The NOXSO Clean Coal Technology Project:
Interaction of Xanthate with Coal Pyrite and Mineral. A 115 MW Unit.

Pyrite Surfaces. Ella, G,G., Woods, M., an{t Neal, L.G.
Khan, S.U.M., Baltrus, J.P., Lai, R.W., and International Joint Power G{m{,rati{Jn {;onferen(:e,
Richardson, A.G. {}(:tober 6.. 1(}, 1991, San [)ieg(}, California.

Appl. Surf. Sci., 47,355-363, 1991.
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Demonstration of Combined NO x and SO z Emission Emissions Evaluation of Reconstituted Coal Fuels.
Control Technologies Involving Gas Reburning. Freenlan, M,C,, Penrtline, H,W,, ]oubert, ],I,,
Moyeda, D,K., l;'olsmn, B,A,, Sonuner, T,M., and Vore, P,A,
Nguyen, Q., and Ritz, t-i.J. USDOE 7th Annual Coal Preparation, Utilization &
AIChE Meeting, August 18-21, 1991, Environmental Control Contractors' Conference,
Pittsburgh, Pennsylvania. July 15-18, 1991, Pittsburgh, Pennsylvania.

No naanuscript,
Operating Experience with a Gas Reburning-Sorbent
Injection System tbr Acid Rain Precursor Emission Evaluation of Reconstituted
Control for Utility Boilers. Coal/Sorbent Fuels for Small-Scale Heating.
Opatrny, J,C., Folsom, B,A,, Keen, R,T., Nguyen, G.H,, Freeman, M,C,, Pennline, H,W,, Joubert, J,I.,
Payne, R., Sommer, T.M., and Ritz, t-i.J, and Vore, P,A.
International Joint Power Generation Conference, 4rh Internatmnal Conference on Processing &
October 6-10, 1991, San Diego, California. Utilization of High-Sulfftr Coals, August 26-30, 1991,

Idaho Falls, Idaho, No manuscript,
Status of the Clean Coal Technology Program and

Methods thai can be used to Decrease Emissions of Ash Deposits: Formation Process
Carbon Dioxide. and Heat Transfer Properties.
Ritz, H.J. Fuchs, W., and Ramer, E.R,

sth Annual International Pittsburgh Coal Conference, Engineering Foundation Conference on Inorganic
Workshop for Primary & Secondary Teachers, Transformalions & Ash Deposition during
October 14-18, 1991, Pittsburgh, Pennsylvania. Con-tbustion, March 1991, Pahn (3()ast, Florida,

No manusrripl.
Demonstration of Commercial-Scale

Demonstration of Innovative Applications of Coal-Fired Advanced Combustion Systems.
Technology for the CT-121 FGD Process. Gyorke, D.F,, Ruth, L,A., Mansour, M,N,,
Ritz, H.J,, Burford, D., Hargrove, B,, and Boyd, K. and Breault, R.W.
Interuational Joinl Power Generation Colfference, Proceedings, AWMA Conference, 91-102-:t,
October 6-10, 1991, San Diego, California, June 1991, Vancouver, British Columbia, Canada

Pollutant Formation and Destruction

COAL COMBUSTION under High Intensity Combustion Conditions.

Reduction ot' Nitrogen Oxides from Post Combustion Mathur, M,P,, Ekmann, J.M,, Tran, P,X,,
Gases Utilizing Molecular Radical Species. and Boyle, J,M,

Boyle, J,M,, Mathur, M,P,, Ekmann, J.M., Yao, S.C,, USDOE 7th Annual Coal Preparation, Utilization &
and Russell, A. Environmental Control Contractors' Conference,

USDOE 7rh Annual Coal Prel)arati0n, Utilization and July 15-18, 1991, Pittsburgh, Pennsylvania.
Environnmntal Control Contractors' Meeting,

July 15-18, 1991, Pittsburgh, Pennsylvania. Combustion _,000.
I{uth, L,A., and Tischer, R,E,

Reduction of Nitrogen Oxides from Post-Combustion IEA International Conference on Technology
Gases Utilizing Molecular Radical Species. Responses to C;lobal l_nvironmental Challenges,
Ekmann, 1. M., Mathur, M.P., Boyle,, J.M., Russell, A., November 6-8, 1991, Kyoto, Japan. No manuscript.
and Yao, S.C.
International Conference on Environmental Control High Efficiency, Low Emission

of Combustion Processes, Paper 39, Coal-Fired Power Systems for the Future.
October 7-10, 1991, Honolulu, Hawaii. Ruth, L.A.

Proceedings, 3rd Annual Energy and the
Environment Conference., 119-1 Ii6,

September 19-20, 1991, Delwer, Colora(Io.
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Clean, High Efficiency Coal-Fired F,lectrostatic Control of Acid Mist Emissions.
Power Systems for Post-2000 Application, Dahlin, R,S., and Brown, T,D,
Ruth, L,A, Proceed lngs, EPRI-I?,PA-IX)F, :1991 8(132Gonlrol
Engineering Foundatio n/EPRI Gont'erence on Symposium, 169-187, I){)c:(:]lnbor 3-(_, 1991,
Environmental & Economic Impacts of Coal Waslfington, D,G,
Utilization,

Jantlary 21-24, 1991, Santa Barbara, Galit'ornla, Overview of Carbon Dioxide

Recovery, Reuse, and Disposal Options
Flow Dynamics of Ash Ibr Fossil Fuel-Fired Combustion Systems,
Deposition in Heat-Exchanger Tube Bank, Drummon(l, C,J,
Shaffer, F,D,, lvlalhur, M,P,, Celik, I,, Sth Annual Interilational Pittsbt||'gh Coal Conl'erence,
and 8hahnam, M, October 14-18, 1991, Pitlsburgl|, Pennsylwu-fia,
USDOE 7th Annual Goal Preparation, Utilization, & No manuscript,
Environmental Control Contractors' Conference,

July '15-18, '1991, Pittsburgh, Pennsylvania. Overview of Carbon Dioxide Recovery,
Reuse, and Disposal Options tbr Fossil Fuel-Fired

Computer Simulation of NO x Reduction, Combustion Systems.
Soong, Y. Drumnmnd, C,J,, and Tisclmr, R.F,,
Seminar, University of Akron, October 4, 1991, IEA International Conference on Technology
Akron, Ohio. Abstract only, Resl3onses to Global Environmental Challenges,

November 6-8,199:1, Kyoto, Japan, No manuscript,
Laser Ignition of Coal Particles.
Tran, P.X., Mall-mr, M.P,, and Ekmarm, J,M. Recent Developments in

Combustion Institute Meeting, Eastern Slates Section, Combined Control of SO_. and NO v
October 14..17, 1991, Cornell University, Livengood, J,S., and Markussen, J,M,

Ithaca, New York. Proceedings, 4lh Annual NO x Control Conference,
Counc, il of Industrial Boiler Owners, 225-236,

Transient Heating of February 31-:12, 1991, Concord, California,
Coal Particles undergoing Pyrolysis.

Tran, P.X., Mathur, NI.P,, and gkmann, J.M. Duct Injection Experiments at DOE-PETC,
Combustion and Flame, _8_5.,380-388, 1991, O'Dowd, W,],

Technical Updale (Duct Injection Technology
Blending the Products of Advanced Developmenl Program], No. 18, 2-4,
Coal-Cleaning Processes with those of Conventional January/February 1991.
Coal-Cleaning Processes to Produce Higher Quality
Coal-Water Mixtures, Recent Advances in

Wildman, D.J., and Ekmann, J,M, Fine Gas Desulfurization Technologies,
Processing and Utilization of High-Sulfur Coals IV, Pan, Y.S.
pp. 581-596, Dugan, P, R., Quigley, D.R., USDOE, Pittsburgh Energy 'l'echnolvgy Cenlc,'r,
anti Atria, Y. A,, eds,, Elsevier Science Publishers, I)OE/PE'FC/TR-91/4.
Amsterdam, 1991.

Pertormance and Economic Evaluation of a

Using the Refractive Index Matched Technique to Pre-Charged Pulse-Jet Filter for Small Coal-Fired
Study the Flow Properties of Slurries. Combustor Particle Control,
Wildman, D.J., Ekmann, J,M., Malhur, M.P., Quimloy, J.M,, H(dl'rilch, D.J,, and Brown, T,D,
Kadambi, J.R., and (_;hen, R.C. EPRI 9lh Particulate Conlrol Symposium,

USDOE/NSF Workshol:), Octobe, r 23-24,199"1, Williamsburg, Virginia, October 15-1a, 1991.
Worcester, Massachusetts,

Per|ormance and Economic Evaluation era

: Pre-Charged Pulse-Jet Filter lhr Small Coal-Fired
FLUE GAS CLEANUP Combustor Particle Control.

Comprehensive Assessment of Quimby, J.M., Helfl'itch, D.]., and Brown, T.D.
Toxic Emissions from Coal-Fired Power Plants, 84lh Annual AWMA Meeling & li',xhibilion,

Brown, T.D., Schmidt, C.E,, and Radziwon, A.D. Vancouver, British Columbia, Canada, Juno "1991.

Managing Hazar(tous Air Pollutants: State of the. Arl,
Co-sponsor: EPRI, November 4-6, 1991,

Washinglon, D,C.

,m
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The ChenlicalEft'eelsof A Review ofTheoriesIbn'FlowingGranuhu'

tJlh'asoundinFlue Gas Chmnup, Materialswiih ApplicalionsIoFluidizedBeds and

Shujaic-s,R,,[vl.rku_s_tl,J,[v1,,alull.'(.mllllm_,I-I,W, Solids'I'ranspo|'t,

Poslur Sussi(.)u, USI)()F, 7lh Annual C,(ml Massc)u(lt, M., mlcl 13oylt_, E,J,

lh'c:lmraticm, 1.Jlilizaticm & Em:ircmmc;nlal C](:3uh'ol tfSl)()l?,/Plilsburgh l:,]nm'gy'r(.w,hnulogy (]cullm',
(]Ollir_l(',l(lrs' (]()l]['ertHlco, D()l!]/Pli_T(Lflq_.-91/8, Sepiembc.r 19!)1,

July 15-1 _, 19`()1, l)illshurgh, l:'enns3:lvania.
l,'low of a Third Grade Fluid in a Heated Pipe.

l.r,xperinmnlal Model ibr Absorplion of Nitrogen [vlassc_udt, [VI,, and (]hrislie, I,
Oxides by Ferrous EDTA Solution in the Presence of 8lh lute, rnalicn]al (kmi'er(:tn(:e on Malhemalh:nl &
St) z ap.d Sulfites. Com puter [vlocks111nB, April 1-4, 1 ,t),91,
Walkl-_r, R,J. Univ(.u'sily oi' [vlarylan(I, Colh:_ge Park, Maryland,
Procueclings, 7rh Annual Coal Ih'_:_lmralt(._rl,
Uliliztlti(m & l_nvironnmnial Couir()l (]onlrac',Lc.)rs' Ht,al Transfer Analysis of
(',onfm't',n(:,c_,302-30,(), a Non-Newlonian Fluid with Heat Flux al the Wall,

.Ju l3, 15-18, 1`(-t91,Pi ltsb u rgh, Pen nsylva n la, [vlassoudi, M,, a ml Ra mc)zan, [vi,
8rh Intt-_rnattoual Corffcwt-..,nct_(m Mailmmati(.:al &

Design of a l.,ife-Cycle Tesi System fbr C(mq) u tor Mod e lIlng, April 1-4, 1991,
Ewduation of Regenerable Sorbenl Processes. Unive.rsiLy of Marylall(l, College Park, Maryland,
Yeh, I,T,, lI()ffmt,n, I.S,, and Penrfliut_, I-t,W,
USI3()I'; 7lh Aunttal Coal .Prel)aration, Utiltz.tion, & Ntunerical Solution ol"l't||'buhmt Flnw in a Cyclone
l_llvir(mm(-_ntal Control Conh'ac:t(:)rs' (.;()uf(mm(:e, Combustor Using the Nort-Linear k-e Model,

July 15-11_, 1991, Pitislmrgh, P(_;nnsyJvania. Shahllaln, [vI,, Massou(li, M,, Eknmnrl, ],M,,
aud Hwmag, C,C,

I,ife Cyc, le Tesi of lhc NOXSO SO 2 anti NO x Flue Gas 8lh lnlm'naLional Conft-wenre, on MallmmaLi(_:td &
Trealmenl Process: Process Modelling, (]cm_puler M()ttelling, Ai)ril '1-4, 1!.191,
Ye,h, J.T,, Ma, W.T,, l laslbeck, l,I.... and Ncml, L, t.lniversily o1' Mm'ylan(l, Collt@_ Park, Mtu'ylau(t,

S(.',l_aralions Tec:hnc)logy, _l, 1`(-)5-204, 1`(191,

LIQUID FUELS

SOI.IDS TRANSPOII'I' H_,anti CO Temperature Programmed
Applied and l"undamenlal Aspecls of Desorplion Sludy ot' Na-Mn-Ni Catalysis.
Slurry Translmrl. 13alakos, M,W., Chuang, S.S,(],, anti Soong Y,
l_kmann, J,M,, Wihlnmil, I),J,, an(I Mathtu', M.P, 12111North Ameri(',an Meeting of the (]atalysis
l)()wch;r & Bulk Solids (]olll'erenuc;, Soc:iely, May 5-9, l`()91, Abstrac;L I)45,
Worksh(q) C]ourse WS-12, I_,exington, Kt;nluc:ky.
May (i-`t),1991, (;hit:ago, lllincfis.

Calalyzed llydrogen/Deuleriunl Reactions on Silica,
Heal Transfer and Flow of 13itlrmr, E.W,, Solar, I.M,, and 13oukrtdh, B,C.

Granuhu' Materials Down an Inclined Plane. 30lh Annual Sl)ring Syml)ositlm Pittsbtlrgh-

(]ucllu;, R., Massc)u(li, M., alicl l(ajagolml, K,R, (;ltw(-,hlncl Calalysis Sc_cie,ly, May 2!1-31, 1991,
Pr()c:e(.;tlin,/s, 22,1tl Mic.lwe.stl_,r_lIvh-;c:hanic:s l_iltst_urgl3, I_(;nnsylvania,
(;(_nt'uruw(:(_, l)(;v(;ltq)n.,nts in [vh-;c:hani(:s, j_, l t)_-I ,(lt),
()(:lc_t)ur {t-!l, 1991, R(_lla, Missouri. C,atalyzed Hydrogen/Deuleriunn Ext:hange

Reactions on Coal.

Steady Flow ol'a Fluid-Solid 13(mkralla, B.C,, Solar, ],M., l:lilLn(;r, E,W,,
Mixlu|'e belwc, en Parallel Plates. and l lough, R.W,
lc_l_usuu, (;., h,l.ss(._cli, M., Rajagc)l)al, K,R,, and l_roc:¢;(.,cli_gs, 1!191 lnl(wnatioual (',onf(u'c;u(:(_ (m (;cml
[vial h u r, M, R, S('.icno:c;, 691 _6!)4, ()(',l()lH;r 16-20, 1t.)()1,

[JSl)()E/Pillslulrgh Energy Tc-,,(:hnology (it:mim', l_utlerwcn'tll-I h:;in(;mann, ()xi'or(l, (;real Brih_in,
I)(.)1;]/1:'1,]'1'(.',/'!'I,_-!)1/7,Augt_sl 1 !)91,

l_ow Temperature Liquefaction C,atalysis,

Sh;acly Flow of a Fluid-Solid ll()(:krt_lh, 13.C,, lllig, I.!'.,(;.,Kcfll(:u'III, M.J,,
Mixlure in a Circular Cylinder, Solar, l.(;., I_illner, l!',,W,, an¢l F'ins(;Ih, 1),II.
Jc)litasun, (;,, Mass(melt, [Vl,, Rajagtq)al, K,R,, I)rc)(:c.,,(_clings,[JSI)()I'] l.Acluel'ac:li(_n (](mlrac'.lc)rs'
at_(I MalhtlI', M.P. R(-wiew Meuliug, 3t_7-397,

I JSl)()t!',/Pillsl)ttrg]_ l.;hl(;rgy 'l'(;(:l_l.)l(_:qy (:(.,,_ier, S.ph.,,n_l)t;r '3-5, 1,(),til, l:qllsl)urgh, l'(:_l_nsylv.lai..
[)()I']/I)I"'['(]/TI._-!.II/I (), S(;I)l(mll)e.r 1 !),til.
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Carbon Monoxide Hydrogenation over Na-Mn-Ni Modeling Coal Chemislry:
Catalysts: Effects of Catalyst Preparation Methods on One Electrnn Catalytic Reactions,
the Cz+ Oxygenate Selectivity, l_arcaslu, M., Smith, C,, and Hunter, E,A,
Chuang, S,S,C,, Pten, S,l., Ghosal, K,, Proceedings, Irlternalional Confermace on Coal
Soong, Y., Noceti, R,P., and Schehl, R, Science, '166-'169, September 16-20, 1991,
Applied Catalysts, 70,101, 1991, Butlm'worth-Heinenmnn, Oxford, Groat Briialn.

Effect ot' Activation Conditions Research of Consortium tbr Fossil Fuel

on Dispersed Hydrated Iron Oxide Catalysis, Liquefactinn Science in the Context of the DOE

Cugini, A.V., Utz, B.R., Krastman, D,, Hickey, R.F., Advanced Research Liquet'action Program,
and Balsone, V, Farcastu, M.

2hd Annual Joint DOE/DF, MR Technical Workshop on 5lh Meeting of Consortium for Fossil Fuel

Coprocessing, Juno 11-13, 1991, Atlanta, Georgia, Liquefaction Science, August 12, 1991,
Lexington, Kentucky.

Effect ot' Activation Conditions

on Dispersed Iron Catalysts for Coal Liquefaction, Iron Compounds and
Cugini, A,V., Krastman, D., and Hirkey, R.F. h'on Catalysts: Activity and Selectivity
Proceedings, 8rh AIST-NEDO/DOE-PET(; Joint in Reactions Relevant to Coal Liquethction,
Technical Meeting, 15-21, October 21-22,199"1, Farcasiu, M.

Fukuoka, Kyushu, Japan. Exxon Research & Enginoering, Corporate Research,
May 29,199"1, Clinton, New Jersey.

Recent Progress in the Use of
Disposable Catalysts ibr Coal Liquefaction, Influence of Chemical Structure on Coal
Cugini, A.V., Krastman, D,, Hickey, R.F. and Reactivity in Chemical and Biochemical Conversion,
Left, R,G. Farcasiu, M.

Proceedings, USDOE Liquefaction Contractors' 2hd International Symlmsium on the Biological
Re,view Meeting, 590-597, September 3-5, 1991, Processing ot' Coal, May 2, 19(,-)1,

"- Pittsburgla, Pennsylvania. San Diego, California.

The Use of Hydrated Iron Au X-Ray Difti'actinn and ESCA Study of the
Oxide Catalysts in Coal Liquefaction. Transformation of Ammonium Tetrathiomolybdate
Cugini, A.V., Hi'ckey, R.F., Krastman, D., In MnS z,
and Balsone, V. Frommell, E.A., Diehl, J.R., Marlello, D.V., and
8rh Annual International Piltsburgh Coal Conference, Pollack, S.S.
October 14-18, 1991, l_ittsburgh, Pennsylvania. Poster Session, 12rh North American Meeting,

Catalysis Society,
DOE Advanced Research Coal Liquefaction May 5-9, 1991, Lexington, Ke.ntucky.
Program: Fine Particle Size Catalysts Initiative.
Farcasiu, M, Slurry-Phase Fischer-Trnpsch Catalysis.
Chevron Research a Technology, April 30, 1991, Gormley, R.J., and Zarochak, M.F.

: Richmond, California. Proceedings, USDOE Liquefaction Contractors'
Review Meeling, 254-274, Se]_lernber 3-5, 1991,

Carbon Blacks as Catalysts: Activity and Selectivity. Pittsburgh, Pennsylwmia.
Farcasiu, M.

University of Pittsburgh, Dept. Chemical & Petroleum Wilsonville CC-ITSL Process Develnpment.
Engineering, March 1, 1991, Pittsburgh, Pennsylvania. Klunder, E,B.

8th AIST-NEI30/DOE-PETC loint 'ro(:hnical Meeting,
Methnd for Co-Processing Waste October 21-22, 1991, Ieukuoka, Kyushu, Japan.

_ Rubber and Carbonaceous Material,
Farcasiu, M., and Smith, (2. Bench-Scale Development ht' Coal-Oil

_-- U.S, Patent 5,061,363, October 29, 1991. Co-Prncessing Technology: Effect hf Coal
Concentration on Reactivity.

-_ Carbon Materials - Activity and Selectivity in Klunder, E,B,
Hydrocracking Reactions. Proceedings, 8th AIST-NEI)O/I3OE-PETC loint
Farcasiu, M., Smilh, C.M., Sylwesler, A.P., and Technical Meeting, 111-133, 27-62,
Ladner, E.P. October 2:1-22, 1991, Fukuoka, Kyushu, Japan.
Preprints, Am, Chem,So(:,, Div, Fuel Chem,, 36(4),
1869-1877, 1991.
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Development of Hydrous Titanium Oxide-Coated Status of PETC's
Supports tbr Direct Coal Liquefaction Catalyst Methane-to-Higher Hydrocarbon Process,
Applications. Taylur, C,E,, Nuceli, R,P,, White, C,M,,
Lee, S.R,, and Stephens, H,P, McDonald, IVI.A,, and Martellu, D,V,
8lh AIST-NEDO/I)OE-PETC Joint Technical Meeting, 12rh North American Meeting, Catalysis Society,
Octobm,21-22, 1991, Fukuoka, Kyushu, Japan, May 5-9, Lexington, Kmducky, No manuscript,

Economics of Coal Liquefaction, PETC's Methane-to-H_gher
Lee, S,R, Hydrocarbon Process: Status Review,

Proceedings, 8111AIST-NI£DO/DOE-PETC Joint Taylor, C,E,
Technical Meeting, 77-85, October 21-22,1991, Natural Gas Cunvm'sion-Advances & Future
Fukuoka, Kyushu, Japan. Challenges CANMET Confm'ence, June 1,)- 15, 1991

Calgary, A.lberta, No manuscript,
Coal Liquetimtion Program Overview.
McGurl, G,V,, and Srtvastava, R,D, Catalysts and Method [Preparation of Catalysts for

8th Animal Intc-_rnatiunal l:'ittsburgh Cual Cont'erence, the Improved Production of Methyl Chloride and the
October 14-18, :1991, Co-production of Formic Acid from Methane],

Taylor, C,E,, and Noceti, R,P,
Overview of DOE's U,S. Patent 5 019 652, May 28, 1991,

Indirect Coal Liquefaction Program.
McGurl, G,V, Supercritical Fluid
16rh l rderrtatiunal Conference on Coal & Slurry Solubilization of Catalyst Precursors.

Technologies, April 22-25, 1991, Clearwater, Florida, Warzinksi, R,P., anti Holder, G,D,
Pruc, eedings, 2hd International Supercritical F'luid

Competitive Reactions Symposium, 161-164, May 20-23, 1991,
for the Study of Catalytic Liquefaction, Boston, Massachusetts.
Schroede.r, K.T., Bockrath, B.C,, IVliller, R,D,, and
I)avis, H.M,

AIC hE Summer Meet ing, August 18-21, 199"1, LABORA TOR Y INFORMATION
Pittsburgh, Pennsylvania. MANAGEMENT SYSTEMS

Some Observations by a System Manager.
Temperatttre Programmed (iitbbon, (ii;A., and Butt, M.E.
Desorption Study on Mn-Fe Catalysts. Poster Session, 5rh Inlernatiunal MMS Conference,

Soong, Y,, l_.ao, V,U,S,, (JOl'l]lely, R,J,, and Zhong, B, June 4-6, 1991, Egham, Surrey, Great Britain,
Applied Catalysis, 78(1 ), 97-108, "1991.

Temperature Programmed ANAl, YTICAL Mt, :'1 "HO D S"

Desorption Study on Mn-Fe Catalysts. Quality Assurance in Chromatographic Analysis.
Soong, Y., Rau, V.1..J.S., Zarochak, M.F., Gibbon, G,A.
(3ormh_y, R.]., and Zhong, B, ASTM Committee E-19 Symposium on Contemporary

'13rh Atlnual Spring Symposium of the Pittsburgl> Topics and the Practice of Clm_rnatography,
Clevehmd Catalysis Society, IVlay 29-31, 1991, ()ctober 6-10, 1991, Atlanta, Georgia.
Pittsburgh, Pennsylvania, Abslracl only,

: Nature of the EPR Intensity in Iodine-Treated Coals.
:_ Production ot'C z Oxygenates Rothenberger, K., Sprecher, R.F., Retcufsky, H.L.,

by Chloromethane Addition to Syngas. Wang, W., Clarkson, R.B., and Belford, R.L.
: Sot)rig, Y,, Blackwell, A,G,, Schehl, R.R,, Poster Session, 33rd b',ucky Mountain Conference on

and Noce.ti, R,P, Applied Spectroscopy, July 29-August 1, 1991,
12th North American Meeting of the Catalysis Denver, C]olorado,
Society, May 5-9, 1991, Lexington, Kentucky,
Abstract only,

Strategies tor Advanced Research in Fossil Fuels:
- Indirect Coal Liquefaction,

Stiegel, G,J,
1991 Fl(:_rida Catalysis Con|'_r(mce, April 8-12, "1991,

= Palm Coast, Floricla, Mu manuscript.
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CALENDAR
I

April 28-May 1, 1992 17th International Conference on Coal Utilization &Slurry Technologies
Co-sponsor with Coal & Slurry Technology Association
Sheraton Sand Key, CAearwater, FL
Contact: L,A, Ruth (4:12)892-4461

May 4-7, 1992 3rd lnternalional Symposium on the Biological Processing of Coal
Co-sponsor with Eh_clric Power l_,esearch Institute
Sheraton Sand Key, Clearwattw, FI_,
Contact: G. Olson (4'12) 892-6294

May 20-2:1, 1992 Advanced Coal Cleaning as an SOa Emission Compliance Strategy
Westin William Penn, Pittsburgh, PA
Contact: T. I'eeley (412) 892-6134

June 22-24, 1092 University Coal Research Contractors' Conference
Hyatt Hotel, Pittsburgh, PA
Contact: R. Dolence (412) 892-6290

- July 26.al, 1992 sth Coal Preparation, Utilization &Environmental Control
Contractors' Conference

Westin William Penn, Pittsburgh, PA
Contact: O, Mills (412) 892-5890

August 12-14, 1992 High EMciency Fine Coal Preparation Conference
Co-sponsor: Center for Research on Sulfur ii1 Coal,
Mt, Vernon, IL

Contact: W,P, Barnett (412) 892-6139
R, Honaker (618) 453-79:10

H, Rimmer (703) 23:1.-4508

October 1992 1lth IEA/Multiphase Flow Science Committee Meeting,
Pittsburgh, PA
Conla(::t: W,C, Peters (412) 892-4802

September 21-23, 1992 Liquefaction Contractors' Cont'erence
Westin William Ponn, Pittsburgh, PA
C(mtact: G, V, McGtu'l (412) 892-4462
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