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INTRODUCTION

The objective of this research is the development of improved technology for the

preparation of coa_-water slurries that have potential for replacing fuel oil in direct combustion.

This should be of major importance to the United States in its efforts to reduce dependence on

imported oil and to rely more on its enormous low-cost coal resources.

According to this objective, Quarterly Report No. 1 presented preliminary results on the

theological behavior of coal-water slurries prepared from Pittsburgh No. 8 coal that had been

ground in a ball mill under various conditions. Quarterly Report No. 2 summarized the results

of studies on the effects of solids content and water immobilization on the rheological behavior

of coal-water slurries, including the role of different viscometers, such as the Haake Rotovisco

RV-12. and Brookfield Synchro-Lectric LVT on the measured results. In Quarterly Report No.

3, we compared the rheological behavior of Pittsburgh No. 8 coal-water slurries using different

sensor system. It was found that the Haake-Rotovisco RV-12 with the MV-DIN sensor system

performs better than the standard MV-II sensor system at high solids content. Also, Quarterly

Report No. 3 summarized the results of studies on the effect of various chemical additives,

namely nonionic surfactants (Triton X series), on the rheological behavior of coal-water slurries.

The results showed that the addition of these nonionic surfactants significantly reduces the

viscosity of the coal slurries at high dosages (0.75-1.0 wt%), with reagents having larger

numbers of ethylene oxide groups in their molecular structure being the most effective. In

Quarterly Repon No. 4, studies on the role of the initial mixing procedure in the preparation of

coal-water slurries were summarized. The investigation resulted in modifying the experimental
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procedure to include a mechanical-mixing step. Further, Quarterly Report No. 4 also

summarizedourfindings on the effect of storage time of groundcoal samplesandthe addition of

anionic s_-factants,such as 2-TEPA, on the rheology of coal-water slurries. It was found that

the storagetime of drycoal has tittleeffect on suspensionrheology,up to 30 days of storage.

In QuarterlyReportNo. 5, the evaluation of the effect of a cationic surfactant(TMAE)

and an anionic surfactant(2-TEPA) on the rheologicalbehaviorand the aggregativestabilityof

PittsburghNo. 8 coal-water slurrieswas presented. The results indicated thatfor a given shear

rate the additionof the cationic reagent TMAE causes the viscosity to increase up to 0.5 wt%

addition, indicatingflocculation of particlesin the system. Increasing the TMAE addition over

0.5 wt%causedtheslurryviscosity to decrease for a given shear rate, with the viscosity obtained

at 1 wt%addition being similar to that without any additionof the reagent. In contrast,2-TEPA

seems to be an effective dispersantfor the systems, reducing the viscosity at high reagent

addition (1 wt%). Furthermore,the results of the relative sedimentationvolume and the floc size

distribution of the coal-water slurries show that the anionic 2-TEPA disperses the system,

whereas the cationic TMAE flocculates it. This seems to be related to electrostatic interactions

between the surfaceof the coal particlesand the surfactants.

In QuarterlyReport No. 6, the effect of nonionic surfactants(Triton X series) on the

aggregativestability of coal-water slurrieswas studied by measuringthe relative sedimentation

volume and floc size distribution. At low reagent addition, Tritons flocculate the system.

However, at higher reagent addition, Tritons disperse the system and lower the viscosity.

Grinding of PittsburghNo. 8 coal in the high-pressureroll mill and deagglomerationof the

groundproductby stirringin methanol suspensionswere also conducted. Even at high energy

input,in open circuit the high pressureroll mill couldnot producea ground productwith more

than 30 percent of minus 200-mesh particles,which is much lower than 80 percent minus 200-

meshpanicles requiredin l:hecoal waterslurriesfor directcombustionin powerplants.



SCOPE OF THE PRESENT INVESTIGATION

When bituminous coal is ground in the high-pressure roll mill the product comes out in

the form of an agglomerates or briquetted material, which must be deagglomerated. One way to

accomplish this is to regrind the roll mill product in a ball mill. This procedure is termed hybrid

grinding. An advantage of hybrid grinding is that the individual coal particles that constituted

the briquetted product contain many flaws and microcracks that reduce the overall energy in the

ball milling step. The viscosity of slurries prepared with coal by hybrid grinding and ball mill

grinding only were compared. The effects of a commonly used dispersant (Coal Master A-23-M

from Henkel Corporation, with the active ingredient of 42%), various anionic reagents, and

washing the coal to remove dissolved salts on slurry rheology were studied. The effect of aging

the slurry on its viscosity and stability was also followed. Preliminary electrokinetic studies at

low suspension concentrations were performed in order to understand the behavior of coal water

slurries in the presence and absence of Coal Master A-23-M reagent. Coal analyses were

performed to determine the moisture, ash content and iron content of prepared samples.

FEED PREPARATION

One of the primary objectives of this research project has been to investigate the

rheology of coal-water slurries prepared from coal fines generated by high-pressure roll mill

grinding. As already stated, high-press,.u'eroll mill grinding of coal results in briquetted product

which has to be deagglomerated and ground further to obtain the required amount of minus 200-

mesh coal fines for preparation stable slurries. Ball mill deagglomeration and grinding of the

briquetted product has been carriedout in open-circuit as well as in closed-circuit configuration.

Both the circuits were operated in the batch mode. Figures la and lb present a schematic

representation of the open-circuit and closed-circuit grinding configurations, respectively. In an

open-circuit grinding experiment, a FLxedweight of the high-pressure roll mill product is ground

in the ball mill until the coal charge has reached a desired fineness (approximately 95 % minus
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Figure 1. Schematicrepresentationof (a) open-circuitandCo)closed-circuitgrinding
configuration.

200-mesh). In the closed-circuit grinding mode, a fixed amount of the high-pressure roll mill

product is first ground in the ball mill to, say, 40 percent minus 200-mesh. The mill discharge is

screened at 200-mesh, with the minus 200-mesh fraction being the desired product. The screen

oversize is mixed with fresh high-pressure roll mill product to make up the balance of charge to

the ball mill. In these experiments, the ball mill grinds are carried out under batch conditions.

The minus 200-mesh feed used for studying the effect of dry storage on the rheology of

the slurries were prepared by grinding minas 1/4-inch coal samples, dried at 40° C for 15 hours

in a convection oven, in our laboratory-size high-pressure roll mill, with an energy expenditure

of 2.0 kWh/ton of coal feed. The high-pressure roll mill product was subsequently ground in a



stainlesssteel ball mill, 11 inches long and 10 inches in inner diameter, chargedwith grinding

media charge comprisedof 30 kg of 1-inchdiameter steel balls that occupied about50% of the

mill volume at rest. The mill was run at 54 rpm, which is 60% of the critical speed. In each

e,_periment,the coal chargewas 1.5 kg and the grindingtime was 4 minutes, which corresponds

to an energy expenditure of 3.16 kWh/ton of coal ground. The ball mill discharge was dry-

sieved ona 200-mesh screenin a Ro-Tapmachinefor 20 minutes. The minus 200-mesh product

was storedin sealed plastic bags. The ball mill was charged with the screenoversize along with

freshhigh-pressureroll mill product,as make-upcharge,for the next grindingcycle.

Fresh samples of minus 200-mesh coal fines were preparedas follows. Plus 1/4-inch

coal sample was first equilibratedunderatmosphericconditionsto allow the moisturecontent of

the coal to reachits equilibriumvalue. Plus 1/4-inchparticleswere then crushedin a laboratory

jaw-crusherfollowed by multi-stagecrushingin an ordinaryroll crusheruntil the entire sample

was finer than 8-mesh. The minus 8-meshfeed was subsequentlygroundin the high-pressure

roll mill, with an energy expenditureof 2.0 kWh/ton of feed. The high-pressure roll mill

productwas then ground in a stainless steel ball mill, 10 inch long and 8 inch in internal

diameter. The grinding media consisted of 8.62 kg of 1-inch diameter steel balls, 5.18 kg of

0.75-inch steel balls and 2.85 kg of 0.5-inch steel balls (the total weight being 16.65 kg and

occupying about45% of the mill volume atrest). The mill was runat 56 rpm, whichis 60% of

the critical speed, with the coal charge being 500 grams. Grindingfor 20 minutes resultedin the

productionof fines with 95%passing200-mesh.

In addition, in each case, primarycoal samples were ground directly in the ball mill for

the productionof minus 200-mesh fines. The rheologicalcharacteristicsof the slurriesprepared

from this material provide.the baselineagainstwhich-behavior of the slurries preparedfrom

fines producedby the high-pressureroll mill grindingof coal could be compared.

The size distributionsof the variousminus200-mesh sampleswere determinedusing the

L&N MicrotracParticle-SizeAnalyzer. Figure 2a shows the size distributionsof the various

feeds used for making the coal-water slurries, and in Figure 2b the size distributions are
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replotted in dimensionless size, that is, with size rescaled by the median size. The collapseof

the distributions on to a single curve indicates that both open- and closed-circuit grinding

configurations result in similar particle size distributions.

"_he washed coal samples used to study the effect of removing soluble iron on the

rheology of the coal-water slurries were prepared by stirring 125 grams of minus 200-mesh coal

with distilled water in a 2-1iter cell, with and without an anionic iron-complexing reagent (0.I

wt% of sulfosalicylic acid) for I0 minutes at 1200 rpm. The coal suspension was f'fltered and

dried at 40° C for 15 hours in a convection oven before further experimentation.

EFFECT OF CHEMICAL ADDITIVES ON THE RHEOLOGY OF

COAL-WATER SLURR_

As can be seen by the plots given in Figure 3, theadditionof Triton X-405 decreases the

apparentviscosity (at 100 sec"1)of slurries made from Pittsburgh No. 8 coal. Unfortunately, for

an acceptable coal-water slurry at 65 percent by weight solids concentration, the maximum

viscosity for reasonable, cost effective pumping should be lower than 1000 mPa/s at 100 sec-1.

Since the addition of Triton reagents did not decrease viscosity of the systems below the

acceptable value, another reagent had to be tried at this stage of the project. A commercially

available additive, Henkel Coal Master A-23-M reagent, was chosen because it is cheap and

performs exceptionally well with clean coals [1].

Figure 4 shows the effect of Coal Master A-23-M addition (1.0 wt%) on the apparent

viscosity at 100 sec"1of coal-water slurries made from Pittsburgh No 8 coal by both ball mill

(BM) grinding and hybrid high pressure roll mill/ball mill grinding (HPRM/BM). The addition

of reagent decreased the viscosity of 65 wt% slurry to almost an acceptable value (around 1000

mPa at 100 see'l). There is no noticeable difference in the rheological behavior of slurries

produced by BM and hybrid HPRM/BM grinding.

Figure 5b presents flow curve behavior of the slurries produced from BM-ground coal in

the absence of Coal Master A-23-M reagent. Figure 5a shows the apparent viscosity of the same
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systems.Thoseslurrieshaveveryhighviscosity,low sedimentationstabilityand some yield

stress.The systemsobey non-Newtonianbehavior,arepseudoplastic,and changewithtime

irreversibly(Figure6)(sheardegradation).Notethatthixotropyand rheopexyarereversible

phenomenaandsheardegradationshouldnotbe confusedwiththem. Figures7 and8 present

flowcurvesforthesimilarsystemsinthepresenceof 1.0wt% CoalMasterA-23-M. Those

slurriesdonotexhibitanyyieldstressandarealmostNewtoniansystems,withshearstressbeing

linearlydependentontheshearrate.InthepresenceofCoalMasterA.-23-reagent,itispossible

toprepare70wt% slurriesandevenmeasuretheirviscosity.

These preliminaryresultssuggestthatthe viscosityof coal-waterslurries(CWS)

preparedbyBM andhybridI-IPRM/BMgrindingisalmostidentical.Duringpreparationofthe

slurries,much higherimpellertorqueswere experiencedwiththeBM slurries.Itisour

observationthattheeasieritistopreparea slurry(thelowerimpellertorqueis)thebetterareits

flowproperties.Afterinitialstirringat1000rpm,theslurrieswereequilibratedat200 rpm for

18additionalhours.Itwas suspectedthatsome kindofreactionoccursduringtheequilibration

timeproducinga situationthatincreasestheviscosityofHPRM slurries.Sinceitisnecessaryto

determinethe long-termviscosityand stabilitybehaviorof coal-waterslurries(CWS),

preliminarystudiesof theeffectof wet and drycoalstorageon theslurrybehaviorwere

performedduringthisquarter.

As alreadyshowninReportNo.4,a short-termstorage(uptofourweeks)ofdryground

coaldoesnotinfluencetheviscosityofslurriespreparedfromthatmaterial.Coalsamplesused

topreparetheslurrieswhosebehaviorisillustratedinFigures3 to8werestoreddry(-200mesh)

forapproximatelyninemonths.To checkhow long-termdrystorageofcoalinfluencesslurry

behavior,we preparedslurriesfromBM andHPRM/BM freshlygroundcoalandmeasuredtheir

viscosity.The resultsarepresentedinFigures9 to 11. Figure9 shows theeffectof solids

loading,rangingfrom 61 to67 wt%, on theapparentviscosityat100 sec"I. The viscosity

measuredat61 wt% was identicalforBM and HPRM/BM slurries.As thesolidsloadwas

increasedabove61 wt%, however,theHPRM/BM slurriesbecame lessviscousthanthose

10
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prepared from BM-ground coal. Figure 10a shows the effect of shear rate on the apparent

viscosity of BM-ground slurries with solids load from 61 to 67 wt% (freshly ground coal).

Slurries made with BM-ground coal are pseudoplastic (that is, their viscosity decreases with

increasing shear). The apparent viscosities measured were high (several thousand mPa/s). This

viscosities are higher than expected because the particle size distribution and the pH had not

been optimized and the coal had not been beneficiated. Flow curves (Figure 10b) for the same

systems illustrate almost linear shear rate - shear stress dependence with no yield stress. Figures

1la and b present similar results for HPRM/BM slurries (freshly ground coal). At all shear rates

and solids loading, HPRM/BM slurries exhibited lower apparentviscosity than BM.

Figure 12 illustrates the effects of slurry aging on the apparent viscosity. The slurry

viscosity was acceptable one day after preparation but startedto increase afterwards. Eight days

after preparation, the apparent viscosity of the sample at 100 sec"1 doubled its value to 2000

mPa/s. Figure 13a, which presents the apparent viscosity of the same slurry as a function of

15
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shear rate, shows that the slurry is pseudoplastic and its apparent viscosity increases with time at

all shear rates. A flow curve (Figure 13b) indicates almost linear dependence of shear rate and

shear stress and the absence of any significant yield stress.

All samples described above exhibited shear thinning (pseudoplastic) behavior, which is

desirable in industry. Our preliminary experiments indicated that some coal samples change

flow behavior after cleaning (washing). Figure 14a presents the apparent viscosity of "as

received," water washed, and sulfosalicylic acid (anionic reagent) washed HPRM/BM samples as

a function of shear rate. The "as received" coal sample shows shear thinning behavior but

washed coal - water slurries are characterized by increasing apparent viscosity with increasing

shear rate. Such "dilatant" flow behavior is undesirable industrially because any increase in

pump shear rate might cause unpredictable slurry viscosities. More work remains to be done to

indicate the nature of physicochemical processes that induce change in the rheology of these

particular slurries. As can be observed from the plots given in Figure 14b, after washing, the

linearity in the shear rate-shear stress plots is lost and the shape of flow curves becomes typical

of dilatant systems.

In all of the foregoing experiments, the dispersant concentration was held constant at 1.0

wt% and other parameters such as solids loading or equilibration time were varied. Additional

experiments were performed to delineate the effect of additive concentration, and the results are

plotted in Figure 15. At constant solids loading (67 wt%), the dispersant level was varied from

l.O to 6.25 wt%. The dispersant dosage is specified as weight percent of added Coal Master A-

23-M on a dry coal basis. Minimum viscosity was observed at 3.12 wt% of dispersant. Further

minimization of reagent usage is expected to be possible after the pH and particle size

distribution are optimized..Figure-16a shows the.apparent viscosity as a function of shear rate at

different reagent dosages and indicates pseudoplastic behavior. Shear rate shear stress plots

(flow curves) are almost linear at all reagent dosages, as can be seen from the plots given in

Figure 16b.

17
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ELECTROKINETIC BEHAVIOR OF COAL-WATER SLURRIES

The electrokinetic behavior of coal particles in dilute and concentrated slurries might

provide information on coal surface properties and on interaction between coal particles

suspended in liquid. As shown by Fuerstenau and coworkers [2], such information might be

extremely important in explaining coal-water slurry behavior. Depending on the rank of the

coal, the degree of oxidation (of both coal and pyrite) and mineral matter content, the

electrokinetic behavior of coal will vary significantly. In this study, the stability and viscosity of

coal-water slurries will be correlated with the electrokinetic behavior in dilute and concentrated

slurries.

Traditional electrophoretic mobility measurements require samples of low solids

concentration, which necessitates dilution of the original slurry (up to I0000 times). The

measurements were conducted with a ZetaMeter 3.0 manufactured by ZetaMeter. Inc. New

York. The voltage applied was normally I00 volts, and the mobility of the sample was taken as

19
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the average of twenty measurements. The mass concentration of suspensions used in the actual

measurements was 0.01g/100 ml, and the ionic strength was adjusted with 0.001 M NaNO 3.

An important parameter for characterizing the surface charge of coal particles in wateris

the condition when both the surface charge and the surface potential are zero (point of zero

charge, PZC). Another condition of importance is when the Stern layer potential (potential at

the first layer of counter ions) is zero. The electrokinetic or zeta potential, which is measured in

this study, is the potential at the shear plane where slip must occur when the solid moves relative

to the liquid and it is often assumed that it approximates Stern layer potentials. It is important to

note that the behavior of the solid particles in liquid under this condition is governed by the

charge density at the shear plane, and consequently the zeta potential correlates usually well with

stability. Zeta potentials can be changed through adsorption of inorganic or organic ions at the

Stern plane. Therefore, cationic or anionic impurities, which are common in coal, can

completely control the surface properties and stability of suspensions and slurries. Specific

adsorption of cations or anions can change the location of the isoelectric point, or the zeta

potential reversal (PZR). Specific adsorption of cations increases the PZR and the absolute

value of the measured zeta potential, but the opposite is true for specific adsorption of anions

(see Figure 17).

To find the PZR of pure Pittsburgh No. 8, a sample of this coal was ground under an

argon atmosphere to prevent oxidation, and thoroughly washed by filtration under high vacuum

condition. As illustrated by the results given in Figure 18, the PZR of clean Pittsburgh No. 8

coal was found to occur at pH 4.3, which is not unusual for clean coal [2]. This was a

significant decrease in the PZR when compared to "as-received" sample of this coal, studied in

the same experiment (PZR at pH 6.6). It is apparent .that some Slg_ifically adsorbed cation

controls the surface properties of "as received" coal sample.

Preliminary analysis of filtrates and supernatants obtained after removal of the coal

particles indicates that iron is a major cationic impurity in Pittsburgh No. 8 coal. Iron is
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Figure 17. Schematic illustration of the effect of specific adsorptionon the mobility and
PZR of a colloid suspension.

probably produced by pyrite oxidation during storage of the coal for prolonged time (or under

oxidizing conditions in contact with air). This dissolved iron specifically adsorbs on coal

particles, increasing the pH of the PZR and absolute values of zeta potentials. Rheology

measurements indicated that the stability of slurries decreased and viscosity increased

significantly with time. These slurry aging effects would be highly undesirable industrial and is

most probably caused by coal impurities. Since it was found that the PZR increases with time,

indicating specific adsorption of cations, iron was suspected to be the major "culprit" that caused

the observed aging phenomenon.

Numerous procedures for coal beneficiation are described in the literature and applied in

practice [3]. In our future work, coal will be beneficiated and the pyrite and ash levels lowered

to the acceptable level (< 5 wt% ash and < 1% pyrite). Even with such beneficiated coal, pyrite

which remains in coal may still be oxidized and some iron released during several months of

slurry storage. Consequently, something has to be done to remove or complex produced iron. It

22



50

PITTSBURGHNO. 8
DRYGROUND - BALLMILL

40 - storedunderargon
0.001 M NaNO3

30-
O

20-

-4O - E}--

-50 -

O "as received"
-60 - D washedwithwater

-70 ! i I i I i I , I
2 4 6 8 10

pH

Figure18. Thezeta potentialas a functionof pHforunwashedandthoroughlywashed
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is quite possible that if iron can be complexed or neutralized in some way, slurries would be

stable for several months and aging would not occur.

The effects of coal washing with water and iron complexing reagents on the zeta

potential and PZR are illustrated in Figure 19. The PZR of "u-received" Pittsburgh No. $ coal

(HPRM/BM grind) was found to occur at pH "/.I. Washing with water or sulfosalicylic acid

(anionic reagent), which is known to complex iron, lowered the pH of the PZR to 4.8. This is

still higher than the PZR of thoroughly washed coal (pH 4.3) but any kind of really intense

washing in industry may not be economically feasible. More work has to be done on finding the

best iron-complexing reagent, which showed not interfere with the dispersants and stabilizers.

In Figure 20, the effect of washing the coal with water and an anionic iron-complexing

reagent on the electrokinetic behavior and PZR of Coal Master A-23-M dispersed CW$ after one

week of aging was presented. Coal that was washed with the anionic reagent (sulfosalicylic

acid) was highly negatively charged at pH's between 3 and I0. This coal sample never exhibited

a reversal of charge. On the other hand, "as-received" and water-washed coals showed two

PZR's, one at pH 6 and another at pH 4. All three slurries were prepared using a HPRM/BM

product and 1.0 wt % Coal master A-23-M. The solids load of each slurry was 67 wt % and

lO00O times dilution was necessary to perform the clectrokinetic studies with traditional

methods, which had been used in this study.

SUMMARY

Comparison have been made for ground coal that had been produced by ball mill

grinding only and a ground coal that was first comminuted in the high pressure roll mill and then

in a ball mill. The rheological-and .surfacebehavior of coal- water slurries prepared by

HPRM/BM and BM grinding were compared. It is easier to prepare slurries from HPRM/BM

feeds, but after 18 hours of equilibration their viscosities are identical to or higher than those of

feeds produced by BM grinding only. The opposite was true for freshly ground coal. A

commercially available, popular reagent Coal Master A-23-M from Henkel Corporation, was
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used to preparethe slurries. Coal Master A-23-M proved to be a very efficient dispersant

(slurriesup to 67 wt % with acceptable viscosities were prepared) but aging increased the

viscosity anddecreased the stability of the slurries

Preliminaryelectrokinetic studies at low solids loads were performed in order to

understandthe natureof the behaviorof coal-waterslurriespreparedwith Coal MasterA-23-M

reagent. Comparisonof PZR and absolute values of measuredzeta potentials of "as-received"

and washed coal indicated that specific adsorption of some multivalent cation controls the

surfacepropertiesof coal. Furtheranalysis indicated that iron is the most probable"culprit"

which interfereswith the performanceof the Coal Master A-23-M dispersant. Washing with

water did not successfully solve that problembut anionic iron complexing reagents did much

betterjob. Ironis released by pyrite oxidationand remains in the ferrous(+2) form due to the

reducing environmentin coal - water slurries. At pH's 9 - I0 (where Coal Master performance

is optimal) iron precipitates (reversibly) in the form of iron (+2) hydroxideand (irreversibly)in

the form of some orangeprecipitatesof presently unknownnature.

Washingwith anionic iron complexing reagentimproved the rheologicalbehaviorof the

slurries,and low viscosities were retained up to a period of one week for a 67 wt% slurry.

Optimizationof Coal MasterA-23-M dosage and pH has been performed,but pH is constantly

driftingtowardsthe acidic range, which decreases the dispersantefficiency. PittsburghNo. 8

coal used in this study,which was not beneficiated,containsup to 2 wt% of pyriteand 10 wt %

of ash, which is twice as much as permittedby currentregulations for burningcoal - water

slurries. Coal beneficiation will furtherimprove the efficiency of the Coal Master A-23-M

reagentandHPRM/BMgrinding.
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II

RESEARCH WORK PLAN FOR NEXT QUARTER

During the 8th quarter, a preliminary flow sheet involving coal beneficiation, hybria

HPRM/BM grinding, iron complexation, and dispersant and stabilizer dosage optimization will

be develope,4. Reagents tested will be optimized to find conditions where they do not interfere

with each other. This will require combination of coal beneficiation, electrokinetic studies at

high (acoustophoresis) and low solids load, monitoring the iron concentration in slurry filtrates,

the theological behavior and stability of the suspensions, and also preliminary spectroscopy

studies (XPS and FTIR) to investigate the nature of iron surface species which coat the coal

particles.

REFERENCES

I. J.L. Morrison, B. G. Miller, and A. Scaroni, "Preparing Coal-Water Slurry Fuels from
Bituminous Coal Sources," Penn State Energy and Fuels Research Center, report No. 93262.

2. D.W. Fuerstenau, J. M. Rosenbaum, and Y. S. You, "Electrokinetic Behavior of Coal,"
Energy and Fuels, Vol. 2, pp. 241-245 (1988).

3. D. Huber, J. Hoppe, C. L. Miller, and D. Uthus, "A Status Report on the Clean Coal
Technology Demonstration Program," Proceeding,_ of the 18th International Technical
Conference on Coal Utilization & Fuel Systems, Clearwater, Florida, USA; April 26-29,
(I 993), pp. 51-63.

DISCLAIMER

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

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
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