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EXECUTIVES.UMMARY

During this quarter,we have"

• Completedpilot scale pellet productionof lllnoisNo. 6 coal
via roller and die techniqueat Californiapellet mill. Pilot
scale pelletizationof Utah coal is currentlyunderway.

• Determined binder dosagesfor pilot scale pelletization,
through a series of laboratoryscale binder dosage optimiza-
tion work.

• Decreasedcornstarchdosage for pilot scale pellet production
from 3 percent to 2 percent (~ 33 percentdecrease).

In addition,plans for leasinga pilot scale extruder and a pilot

scale disk pelletizationhave been completed. Appropriateproductionunits

have been identifiedand lease agreementswith equipmentsuppliersare in

place. Both the extruder and disk pelletizershould be in operation in the

early part of the next quarter. Work is proceedingas scheduledand all pilot

scale pelletizationshould be completedby early December.

Futurework will concentrateon completingpilot scale pelletiza-

tion of clean coal via roller-and-die,extrusion,and disk and to obtain

. initialevaluationof their storage,handling,transportation,and

slurrability properties.

_=,,,,, .................. :. ,--_._---...... ::-= ::-:-- ,:..................................._:...... !-_:" " _,: '. .......................................................................... :"- ........................ i .......... I'1 i"i_='"__....................................................... _
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OB_TECT][VE

The objective of this study is to develop technology that permits

the practical and economic preparation, storage, handling, and transportation

of coal pellets, which can be formulated into coal water fuels (CWFs) suitable

for firing in small- and medium-size commercial and industrial boilers, fur-

naces, and engines.

P_ROJECTDESCRIPTION

The project includes preparing coal pellets and capsules from wet

filter cake that can be economically stored, handled, transported, and

slurried into a CWFthat can be suitably atomized and fired at the user site.

The wet cakes studied are being prepared from ultra-fine (95 % -325 mesh) coal

beneficiated by advanced froth-flotation techniques. The coals studied in-

clude one eastern bituminous coal from Virginia (Elkhorn), one midwestern coal

from Illinois (lllinois No. 6), and one western bituminous coal from Utah (Sky

Line coal).

The Battelle/AMAX team is emphasizing two approaches to preparing

coal pellets. The first approach is the use of an internal binder to prepare

pellets having sufficient strength to be stored, handled, and transported in a

manner similarto raw coal. The second approach is to prepare lower-strength

pellets that are coated,encapsulated,or pelletized,to form a "coal cap-

sule," or pellet,that can be readily stored,handled, and transportedunder

= specialized (i.e., less severe) conditions. In both cases, preference is

being given to binders or encapsulation materials that will be desirable

components of the additive package used in producing a suitable slurry.

Research activities fall into three major areas"

• Reconstitution

• Storage, Handling, and Transportation

• Coal Water Fuel Formulation.

, , _, . ,+ , q, ,# ,i _P,, ,+: ,, ,lr , ,, .... _ ,,ii .... .I+' +, ,,. .... bll Pq+l pl,,+ +x,_, , lq i H_,,= rlq_ ,, I,Pi,,,, r,,,
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The projectconcept, incorporatingthese three main activitiesis shown in

Figure 1.

t fS'°r'Oe'tjC°"Wa'erlCW,Ultra-Clean, Ultra-Fine or PelleLsor Handling,and Pelletsor Fuel
FilterCake Encapsulation Capsules Transporation Capsules Formulation--"-"-

. I L II Iv - I J I __ I' _d_l___

FIGURE I. PROJECTCONCEPT

More specificallythe projectactivities includethe following10 tasks:

• Task 0 - AcquireCoal (Completed)

• Task I - IdentifyTechnology (Completed)

o Task 2 - Prepareand Test Small Batches (Completed)

• Task 3 - PrepareBench/Pilot-scalePellets

• Task 4 - EvaluateStorageCharacteristics

• Task 5 - EvaluateHandlingCharacteristics

• Task 6 - EvaluateTransportationCharacteristics

• Task 7 - ReslurryPelletsand EvaluateCWF

• Task 8 - Utilization/Commercialization

• Task g - PrepareAdditionalCake°

The project'sscheduleis shown in Figure 2, Detailsof the work

breakdown structureand the planneddurationof the various projectactivities

are included in the figure. Work in this quartercoveredTasks 3 and 9. This

status section summarizesactivitiesand accomplishmentsfor these tasks plus

planned activitiesfor the associatedtasks.



4

_.. i , ........ i i III | - Ul I I I '' " _'---- J I ..... ,

<-19go
ACTIVITIES AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL

. _............ _., :'L "lt .. -- . [ t tilt t tttalt t lt t ] mu,ifi

Task O: Acquire Coal I I I
Determine Availability _--'k-L_, i'_ "_
Prepare Planning Documents Z_ _-','::',-__

Task I: Identify Technology I I I
Review CWFSpecifications z1_-__
Define Acceptance Criteria _ _ _7
IdentifyPellet Tech. I_ = ! "_!-_7
IdentifyCapsuleTech. IZ._ _ _ !_ _I--,W
Define StorageTests I_ _! !7
Define HandlingTests I_ _ ' l _"
Define TransportationTests I_"' !_:_'_-_
Health and Envir. Effects I z_-r-----i----_7
Select Most PromisingTech. I z_s¢=::=:::_=_{7

Task2: Prepa'e/TestSm Batch I
Characterize Wet Cakes I
Prepare/Characterize CWF I
Prepare Sm. Batches I
Evaluate S., T., & H. Char. __
Demo. Reslurrying Z-_._--4------4_
Select for Bench/PTesting

Task3:PrepareBench/P Pellet
PrepareBench/PPellets _::,
EvaluateUniformity _::,

Task 4: Eval. StorageChar.
Measure strength
ConductFreeze/ThawTests
Eval. Fire/ExplosionHazards
ConductOther StorageTests
Define StorageRequirements

Task 5: Eval. HandlingChar.
Conduct Drop Tests
Conduct TumblingTests
ConductOther Handling Tests
Define HandlingRequirement

Task 6:Eval. Transport.Char
Conduct VibrationTests
ConductTransporationTests
Define Trans. Requirements

Task 7:ReslurryP& Eval CWFs
Reslurry Pellets
CharacterizeCWF
ConductAtomizationTests

Task 8: Util./Commercializ'n
Develop ProcessFlowsheets
Estimate Pellet Prod Costs
Estimate S., H., & T. Costs
Eval Health & Envir Concerns
PrepareFinal Report

Task 9: Prep Add'l Cake
Select Coals/CleaningCond. zCs_:==:_l

PrepareCoal No. I I Z_ .:_--_-i--_--.:::__:_ i
PrepareCoal No. 2 I I I _i ---_

Contingency ........ . ! _J=-_ _- ---i--- _..... t i_r,_-_i:,

FIGURE2. SCHEDULEFORS. T. & H. OF COALS



5
III I . IllUNI Illlll I III I1'_""" ' I I I [I I

<-1991
ACTIVITIES AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL
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Task O: Acquire Coal
Determine Availability
Prepare Planning Documents

Task I: Identify Technology
Review CWFSpecifications
Define Acceptance Criteria
Identify Pellet Tech.
Identify Capsule Tech.
Define Storage Tests
Define Handling Tests
Define Transportation Tests
Health and Envir. Effects
Select Most Promising Tech.

Task2: Prepare/Test SmBatch
Characterize Wet Cakes
Prepare/Characterize CWF
Prepare Sm° Batches
Evaluate S., T., & H. Char.
Demo. Reslurrying
Select for Bench/P Testing

Task3:Prepare Bench/P Pellet
PrepareBench/P Pellets _ !
EvaluateUniformity !--i_ !-v7

Task 4: Eval. Storage Char.
Measure strength /---__;_ _._, I -ETl
ConductFreeze/ThawTests z_. i !' _--_71
Eval. Fire/ExplosionHazards IZ_--_!.....!_....._
ConductOther StorageTests IZ._._ F_71
Define Storage Requirements I _. _--_

Task 5: Eval. Handling Char. I I I I
Conduct Drop Tests z_-_,! --_ _ .... f_---_l
ConductTumbling Tests _ _ ' _ _.---f21
ConductOther HandlingTests I__--t---_21
Define Handling Requirement I __

Task 6:Eval. Transport.Char i I I I
ConductVibrationTests __r---t----,_
Conduct Transporation Tests I_-% _i=_ .....f-_-'_
Define Trans. Requirements I

Task 7:ReslurryP& Eval CWFs I I I I
Reslurry Pellets I_-_ "....i .. _-'7
CharacterizeCWF
Conduct AtomizationTests

Task 8: Util./Co_nercializ'n
Develop Process Flowsheets
EstimatePellet Prod Costs
EstimateS., H., & T. Costs L_$- ! _v7
Eval Health & Envir Concerns I_
PrepareFinal Report I I Iz%--_: _ ._71

Task 9: Prep Add'l Cake I I I I I I
Select Coals/Cleaning Cond. I I I I I I
PrepareCoal No. I I I I I I I
Prepare Coal No. 2 I I I I I I

Contingency _-- ....._ _ t J _ ......, , -_ ,-,I '" o _ , ---- , , -_ _....... I _ _----_1
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Task 3 - Pre_are Pilot-Scale Pellets

Pe1let Production

During this quarter, activitiesemphasized (I) binder dosagesopti-

mization and (2) pilot scale pellet production. Pilot scale roller and die

pelletswere made with IllinoisNo. 6 and Utah coals. Limitedtests were also

conductedto evaluate spray coating as a means of low cost encapsulation°

Binder optimiza.tij__oQ.Bench scale roller and die, disk, arldextru-

sion techniques,pelletizationtests showed that pellet propertieslike set

strength and durabilitywere greater than the acceptancecriteria. These

pellets typicallyhad either 3-percentcornstarch,5-.percentShur-bond,or 3-

percent lignin sulfonatebinders. Therefore,prior to pilot scale pellet

production,the pellet binderdosage levels were optimizedto minimize binder

usage whi]e still meeting the acceptancecriteria. This optimizationevalua-

tion was conductedwith IllinoisNo. 6 and coal cornstarchbinder. Table I

lists the resultsof this study.

This study determinedthe minimumacceptancedosage level based on

the set strength and durabilitymeasurements. Althoughother pellet proper-

ties are importantto determinethe qualityof the pellets, the se. strength

and durabilitymeasurementsare consideredthe most important,as they most

directly affect the pellet's storage,handling,transportationcharacteris-

tics. A cornstarchbinder dosage between 1.75 - 2.00 percentwas found to be

sufficientto meet the minimum acceptancecriteria.

All pilot scale roller and die pellet productiontests were made at

the followingrecommendedbinder dosage levels:

Cornstarch 2 percent

Shur-Bond 4.5 percent

Lignin-Sulfonate 3 percent.



pm

oX: 0_L

I"- _" .la _.
r_l '

I--- e-
W _j..j L

e_ (x; _ cr_ crt c_ o

_" =lE
La.J e-

e-_ -- =:

pm. *lm

._ N _ re) _ ._

_ m

q.a

l_l c I=: e._

i=,. (,e) .,_ T. "'-$..

e,,,,,, u

Z ,_

ee_ ....... I -- -
U

= _ _ _ _

Z "_ 0 " _..,.._ ,. , ',-

"" d
e



B

The lignin sulfonateand Shur-Bonddosages recommended,do not reflectan

optimizeddosage level, but were based on the resultsof bench scale tests

conductedduring the secondand third quarters. Optimizationtests for these

bindersare scheduledfor early nex_ quarter.

J_)J_@_J_Td_lJ.ILiJ!l).Encapsulationof clean coal into capsules is a

possible low cost method of reconstitutlon. Pelletsare coated with a protec-

tive medl_m. Work during this quarterwas initiatedto identifytechniqueof
i

encapsulationand encapsulatingmedium. Tests were conductedwith Utah coal.

Three, low to averagecostingcreatingmediumswere tested. They included

• Cornstarchemulsion

• Commercialhalrspray

• Shur-Bondemulsion.

The testingmethod, basically'involvedpreparing I/2- to 1-in. disk spheresin

a disk pelletizer (Vollermixer) without any binder mixed with the r_w feed

coal. The sphereswere then sprayedwith one of the above three coating

' media; one set with a singlecoating, and anotherset with double coating.

The capsules were then thermallydried. Figures3 and 4 show photographsof

the capsulespreparedwith cornstarchand with commercialhairspray.

The cornstarchcoatedcapsules show structuraldeformationof the

coating. The capsularlayer (starch)peeled-off,and did not adhere to the

fine coal. This was evidentwith both the single and double spray coatings.

° With hairspray (Figure4) the capsules stayed intactwithout structuraldefor-

mation;but, they had low _et strength(~ 5 Ibs/in)) and most of them failed

the l-feet drop test. Shur-Bondalso proved to be a poor coatingmedium.

D_}ringthe thermaldrying process,the Shur.-Bondcoatingphysicallymelted and

formed a sticky substance.

?
P
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FIGURE4. HAIRSPRAYENCAPSULATEDUTAH COAL
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No acceptableencapsulatingmediums were identified. Work will

continuethrough the next quarterat a low level to exploreother options.

Roller and Die Pe!letization. Pilot scale roller and die

pelletizationwas startedduring this quarter. Work was initiatedat Califor-

nia PelletMill (CPM) in Crawfordsville,Indiana. The pilot scale pelletizer

differed in two areas from the bench scale unit used in Task 2; (I) larger

pellet size (3/4-inchdiameterversus I/2-inchdiameter)and (2) higher pellet

dischargetemperature(180 F versus 120 F). The objectivewas to prepare2500

Ibs of pellets from each coal. The followingtable outlinesthe combination

of coal and binder pelletsthat are targeted to be made at CPM via roller and

die technique.

TABLE 2. R&D PILOT-SCALEPELLET PRODUCTION-TESTS

.... ::T_ .... _uL : _ : " ,,,_" , , t---'T_ "I i , _'l"_ _ : ] , ,,

Lignin
Coal Corn Starch Shur-Bond Sulfonate

.......... ,,, , ,,,mR, i i , l .......t, l'-'_i i _ I'_' __

IllinoisNo. 6 X X X
m ,, ,,. , , , ,,,,, , , ,, ,, ,

Utah _ X . , X ...................
Elkhorn X X

..... ,,,, , ,,,,,,,,, ,, ,

In this quarter,tests were conductedwith the IllinoisNo. 6 coal

series,and the Utah coal pelletswith cornstarchbinder. Other pelletization

tests are scheduledin Novemberwhen the remainingclean coal supply is re-

ceived.

I111noisNo. 6 Coal Pelletization. All pelletizationvia roller

ariddie techniquewas done in CPM's large-scalepelletizer. The pelletizer

can producepellets at rates of approximately300 Ibs/hr. The production

scheme is shown in Figure 5.

...... r
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The pelletizer, shown in Figure 6, was fitted with a 3/4-in. die. The

pelletizer's shear knife inside the pelletizer was set to make I- to 2-in.

long cylindrical pellets. Figure 7, shows the pelletizer producing lllinois

No. 6-cornstarch pellets, The general pelletization procedure involved:

• Blendingthe clean coal and binder in a mixer and adjusting

the moisture level

• Feedingthe mix into the pelletizer

• Producingpellets that have sufficientgreen strengthand pass

the drop test

• Coolingthe hot pelletsfrom the pelletizer,and

• Storingthe pellets in 55 gallon containers for transportback

to Battelle.

Utah SkylineCoal Pelletization. Similarto the pelletizingopera-

tion of IllinoisNo. 6 coal, the pilot scale pelletizationof Utah coal with

cornstarch binder was conductedand completedduring this quarter. Figure 8,

shows the pelletssampled from the productionstream.

Using the selectedcoals and bindercombinations,this production

process has been successful. Cornstarchproducedpelletswith the greatest

green strengthand drop resistance. Lignin sulfonateand Shur-Bondbound

° IllinoisNo. 6 coal pelletswere also acceptable.However, Shur-Bondbound

Utah pellets could not be prepared. Severalpossible explanationswere iden-

tified and are listed below:

• The Shur-Bondthermallydegradedin the pelletizer

• Binder not adequatelymixed

o • Shur-Bondbinder propertieswere inconsistent

• Utah coal has significantlydifferentpropertiesthan other

eastern coals.

The cause of failurewill be investigatedduring the next quarter.

_

I

L
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FIGURE6. PHOTOGRAPHOF CPM's COMMERCIALPELLETIZERAND A VIEW
OF THE PELLETIZER'SROLLERAND DIE
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FIGURE7. ILLINOISNO. 6 CORNSTARCHPILOT-SCALEPRODUCTIONPELLET
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FIGUREB. UTAHSKYLINECOALAND CORNSTARCHPILOT-SCALEPRODUCTIONPELLETS
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Disk Pelletization. During this quarter,Andritz Sprout-Bauer

(ASB) was identifiedto be a potentialpilot scale disk-pelletproducer. A

feasibilityevaluationwas conductedat ASB using their small, 100 Ibs batch

unit. Strong, durable IllinoisNo. 6 coal pelletswith cornstarchbinder were

made.

Figure 9 is a photographof the disk pelletizer. Figure 10 shows

the disk pelletizationprocess. Samples of IllinoisNo. 6 coal pelletswith

cornstarchmade in the small unit is shown in Figure 11. The pelletswere

made relativelyquickly and requireda moisturelevel of approximately40

percent for nucleationand growth. The sphericaldisk pellets were typically

between 3/8- to 3/4-in. in diameter.

Table 3, presentsthe resultson the set strength and durabilityof

these disk pellets.

TABLE 3. DISK PELLETIZATION-FEASIBILITYTEST RESULTS

Coal Binder Strength, Durability,%
ibs/in_ ..

............ BI . RoTap ............
i , , • ]

Illinois Corn Starch 92 46 81
No. 6 @ 3 %

The one-week set strengthof the disk pelletsapproachedthe desiredlevel

(100 lbs/in3). Based on the positive resultsof the small unit tests, a 5-ft

diameterModel 1000 disk pelletizerwas leased from ASB for pilot scale pellet

productionat Battelle. The pelletizer is expectedto arrive in the first

week of November. The plannedcoals and bindersto be evaluatedare shown in

Table 4.
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FIGURE 9. ANDRITZSPROUT-BAUER'SDISK PELLETIZER
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FIGURE I0. DISK PELLETSPRODUCTIONAT ASB
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FIGURE 11. ILLINOISNO. 6 WITH CORNSTARCHDISK PELLETSSAMPLE
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TABLE 4. PILOT SCALEDISK PELLETIZATIONTESTS

" ' ,,,,, Jt _ _ ' ............... '" '

CoaI Cornstarch Shur- Bond Li gni n
Sul fonate

, _ ')",' _ _

Illinois _ X X
,, ,, , ,,,,, , ,,,,

El khorn X X X

Thermaldrying of disk pellets is requiredfor commercialdisk

pelletization. A natural gas fired drying unit has been installed at Battelle

for this service.

ExtrusionPelletization. A 4-in. extruderhas been leased from the

Bonnet Company for extrusionat Battelle. The unit, along with a dryer, is

ready for production, Pilot scale extrusiontests with Utah coal will be

conductedwith cornstarchand Shur-Bondbindersin late October.

Slurry Production

The objective of this effort is to demonstrate tl_at the pellets can

be successfully converted into good quality slurry. In this quarter we have

focussed to improve the technique of reformulating coal pellets to coal-water-

slurry. In addition, Amax is also developing a continuous "pellet-to-slurry"

reformation circuit, lt is expected that this effort will involve developing

a low cost reslurrying apparatus that could be used in future slurry evalua-

tion test at University of Alabama. Amax has completed several reformulation

tests to understand the slurry production method. Reslurring tests were made

with cornstarch bound Utah disk pellets (from bench scale pellet production).

Two tests were made using a Cowles dissolver to determine the mixing time

required to make usable slurry starting with as-received pellets and calculat-

ed amounts of water and dispersant. The first test was at 1500 rpm and the

second was at 3200 rpm using a 5-inch diameter container. Slurry samples were

collected after 2, 4, 8, and 16 minutes of mixing. To determine the percent-

age of coarse pellet fragments (i.e., material too large to be included with

the slurry) the samples were washed on a 48-mesh sieve. Slurry viscosities
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were meas,red at the end of each test. The resultsare summarizedin Table 5.

Copies of the rheo_ramsare attached in Appendix A.

As shown in Table B and the rheograms,dispersionat 1500 rpm re-

quired considerabletime (at least 16 minutes),and the initialproductwas

thixotropic. The thixotropiccharacterwas reducedby diluting the slurry

with water which also lowered the slurry viscosity. For this reason,the

amount of A-23 dispersantused in the follow-uptest at 3200 rpm was reduced

to 1.3 percent of the dry coal weight and the amountof water added was in-

creased slightly. The resultingslurry was less dilatant and less thixotrop-

lc. The higher speed also reduced the amount of residualpellet fragmentsin

the slurry.

On the basis of the recommendationfrom the Cowles dissolver's

manufacturer,a slightlylarger sample container (7-in. ID) was tried. A

dispersiontest ,as made on 1600grams (dry weight)of a bench scale pellet

sample of 3 percent starch IllinoisNo. 6 roller'and die pellets. Dispersion

was accomplished_n about the same lengthof time as before despitethe fact

that the sample size had almostquadrupled. The resultsare given in Table 6

and the rheogram in Appendix A. The slurry after 16 minutes had a lower

viscositythan the target of 500 cP and it appearedto be very stable and not

i thixotropic.
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TABLE 6. RESLURRYINGILLINOISNo. 6 ROLLER AND
DIE PELLETSCONTAXNING3 PERCENTCORNSTARCHBINDER

i i i i lq ii , , , L,, ,i,

ReslurryingConditions

i,llr11 ir, i I ' i I ,,,,t_:_J , i _ . ,,,

Pellet Weight,grams 1835ii i i _

PelletMoisture, % 12.79

Water,.mI ........... 1006 .....

A-23, % of Dr_v.Pellet !.3

Slurr_ Volume, liters . . 2,.,5.........

M_xer Blade, tzpe Serrated
=

Mixer Speed, rpm 4500 ,,,,,,....

PLUS 48-MESH FRAGMENTSIN SLURRY,DRY WEIGHT %, t , ,.

2 Minutes 13.2
iiii , _ ii,ii __,,

8 Minutes 7.3
r i t i i i ,, i ,,, , ,,,

16 Minutes 3.5
lit i lib I ............ I . I I I '= _: : ...... ' ' _"

[ ,Slurr,vProperties ......

Coal Plus Binder,% 55.5

Mixing, Minutes/Liter ......... 6.4 ....

_Y}Scosity, cP

lO0 s"I 200.=-- .....

500 s'l 200
...... H , i

I_000.,-I 210....... i J___

Rheology
Near Newtonian

.............. Not,_Thixotropic
• ,r H i"'l"-- ii, ,i...i i
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When compared with the earlier reslurryingtest at lower rpm (3200

rpm), higher speed was not shown to improvereslurrying,see below"

At 3,200 rpm At 4.500 rpm

Pellets,% Cornstarch 1.5 30
Volume, Liters 0.6 2.5
Dispersion,Minutes/Liter 5.7 6.4
Plus 4B-Mesh Fragments,% 3.8 3.5

The comparison shows that at about the same mixing time per unit volume,the

amountof pellet fragmentsremainingin the slurrieswas about the same de-

spite the differencein impellerspeeds.

Tasks 4, 5, and 6 Evaluate S.t.oraqe._Handlinq,
and TransportationCharacteristics

Table 7 summarizesthe test plan for evaluatingthe pilot scale

pellets. Most of the tests are linked closelywith each other in the evalua-

tion procedure,and have a direct impact on storage,handling,and/or trans-

portation. Therefore,the tests and resultswill be reported together.

Separaterecommendationswill, however,be providedat the completionof Tasks

4, 5, and 6 on the storage,handling,and transportationcharacteristics.

_bration Test. The purposeof this test is to understandthe

survivabilitycharacteristicsof the pelletswhen subjectedto the forces and

movementsthe pelletsexperienceduring transportationand handling. Since it

'isimpracticalto producehundredton quantitiesof pelletsto directlymea-

sure these effects, small scale tests have been devised.
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The followingtesting is planned:

• Design a vibrationsimulationtest unit to handle ~ 75 Ibs of
pellets.

• Obtain baselinedata on fines (-I/4 in.) that are generatedwhen
the pe]lets are subjectedto
a) low, medium, and high vibrationintensityand
b) vibratingperiod rangingbetween30 min. to 5 hrs.

• Generatetest data on fines producedfrom an actual transporta-
tion test in a truck

• Correlatethe resultsof the actual transportationtest and simu-
lationtests to establisha test condition

• Evaluatethe pilot-scaleproductionpellets under appropriate
test condition.

In this quarter,we have completeddesigning,fabricating,testing,and gener-

ating baseline data under medium vibrationwith the simulationtest unit. We

have also obtaineddata from an actual truck-transportationtests.

Table 8 shows fines generationversus test conditions. Fines are

generatedgraduallyover severalhours of vibration. Figure 12 shows these

vibrationdata and the resultsof an actualtransportationtest conductedwith

I/2-in. (benchscale) and 3/4-in. (pilotscale)pellets. The vibrationsimu-

lation test appearsto reasonablysimulatethe forces and movementsthat the

pellets experienceduring transportationin a truck. Additionalsimulation

tests at higher intensitiesof vibrationare planned in the next quarter.

TABLE 8. VIBRATIONSIMULATIONTEST RESULTSAT
MEDIUM VIBRATIONINTENSITY

fli i i ,l i i i l i i , i i , i i ' i '"

Coal Vibration,hfs,,

.I I I
- - J_L_____ .__j _ ._ _ :::: :J : 'J ".... i , '' ' i i i , ,,

Initialwt 66.59 66.2 68.40 71.53

Illinois (Ibs)............
No. 6 Coal
with 1.5 % Final wt 64.B5 64.58 66.2 68.4
Cornstarch (Ibs) ........

% Fines 2.6 2.45 3.22 4.38

9enerated
L L ._- i ' i'"' 'i l , f'_ i '"'"' ' '
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Humidity Test. The purposeof this test is to understandthe ef-

fects of humidity levels on the pellets. The pelletsare expected to be

exposedto varying humidity conditionsduring storageand transportation.

This may affect pellet strength,durability,and reslurryingbehavior. The

humiditytest will be designedto evaluate these effects. No work was initi-

ated on this test in this quarter. Tests are scheduledin the next quarter.

HeatcCycleTest. During storage and transportationpelletsare

expectedto be exposedto environmentsconducivefor spontaneouscombustion.

The heat-cycletest have been designed to simulatethis environment,and mea-

sure the temperatureat which spontaneouscombustionwould occur. Amax is

investigatingthe potentialfor spontaneouscombustionin their reactivity

test apparatusshown in Figure 13.

During this quarter, the reactivitytest system has been tested and

"trial"reactivitydata have been obtainedwith disk pellets. Two 3x14-mesh

samplesof the crushed IllinoisNo. 6-Shur-Bondsphereswere preheatedto 75

and 120 C, respectively,under nitrogenand transferredto the adiabaticcham-

ber. Humidifiedoxygen was passed through the sampleswhile the temperatures

were being monitored. The first test at 75 C was continuedfor 5 hours.

There was an initialtemperaturerise which could be attributedto absorption

of water on the coal, but no furtherindicationof any exothermicoxidationof

the coal was observed.

The second test at 120 C behaveddifferently. The initialrise

continuedto 262 C. This was followedby a decline in the temperatureand

later a continuousrise until the final temperaturewas near 300 C after 6

hours. Temperaturetraces for the two tests are shown in Figure 14 and 15.

Thus this pellet sample was self heating at 120 C but not at 75 C. Coals with

self-heatingtemperaturesbelow 70 C are consideredto have a high spontaneous

combustionpotential;70 to 100 C, a medium potential;and above 100 C a low

potential. These pelletsare thereforerated as having a low spontaneous

combustionpotential.

Work will continueto perfectthe testingprocedureand generate

data with pilot-scaleproductionpellets.

i i
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Outdoor StorageTest. The emphasis of the test is to evaluate the

effects of storageconditionson pellets, lt is planned to study the follow-

ing storagesituations'

(a) Exposed,outdoor storage

(b) Covered, outdoor storage

(c) Silo storage.

In this quarter,design of silo storagesimulationunit has been initiated.

The pellet testing and simulated-silostoragefabricationBre scheduledto

commence in the next quarter.

PackinqTest. The purposeof this test, is to understandthe ef-

fects of storageon pellets prepackedin bags. The followingpacking bags

have been identified"

(I) Super-sack "nylon"bags

(2) Polyethylenebags and

(3) MultiIayeredpaper bags.

Indoor and outdoorbag storagetests are plannedfor next quarter. Pellets

from these bags will be sampledat intervalsof 2, 4, and 12 weeks to study

the effect of storagetime on strength,durability,and reslurrability.

Pellet Uniformity. During pilot scale pellet productionthe pel-

lets will see varyingroller and die temperatures,loading,extruder heat-up

rates, feed material variations,etc. Therefore,the purposeof this test is

to examine the effect of operationalvariationson the uniformityof the

pellets.

The testing procedureinvolves:

• Sample15 Ibs of pellet atvarying time intervalsof production,

z from the three productiontechniquesfor each of the coals

• • Measure the pellet's

- strength (set)

= - durability (Ro-tapand tumble)

- weatherability

• Evaluatethe pellet uniformitywith respectto pellet production.

, , , , ,_ , , ,,, , ,.,, ....... • ,,i',ira,h '"" '! "'" ..... " ''"'I)If'" 1_r'"'"W_'Ir '"",'r"%h_-"--" "_'£ff_"_i_ _'_'
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In this quarter, tes_1_l.!ilhas been completedfor pilot scale roller

and die pelletizationfor IllinoisNo. 6 coal with cornstarch,ShurnBond,and

lignin sulfonatebindersand for Utah coal with cornstarchbinder.

Tables g and 10 present these data along with the acceptancecrite-

ria. The cornstarchpelletsmarginallymeet the acceptancelevels over the

entire period of large scale production, lt is also observed that the pilot

scale pelletswith 3/4-inch diametermeasure lower cured strengththan the

bench scale pelletswith I/2-inchdiameter. This observationis logical,

since with the same binder dosages and with identicalforces of compaction,

coal particlesare less tightly bound with the binder in the larger diameter

pellets.

With Shur-Bondbinder,the pellet qualitywas observedto deterio-

rate with productiontime as noted by the durabilitydata° lt is suspected

that the thermal effectsduring pelletizinghas a detrimentaleffect on the

binder and thus on the pellet strengthand durability. In the next quarter

this aspect will be investigated.

Figures 16 and 17 show the variationof pellet set strengthover

pw'oductiontime for IllinoisNo. 6 and Utah coal pelletsmeasured after one

and two weeks of production. The strengthsafter one week are close to the

minimum acceptancelevels. After two weeks, especiallywith cornstarchbound

pellets,the strengthsexceed the minimum acceptablestrength.

Task 7 -__ReslurryPelletsand Evalu.BteCWF

The objectiveof these tests is to evaluate the effect of pellet

productionon slurry formulationand slurry characteristics. No work has been

initiated'inthis quarter. Amax is scheduledto begin evaluationin the next

quarter.

Task 8- UtillzationlCommercialization

Economic_ion Criteria. During this quarter,guidelinesfor

process/productioncost estimationwere draftedfor DOE-PETC review, lt is

believedthat a common method of economiccomparisonwould be beneficialfor
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assessingthe relativemerits of the four DOE logisticprograms. Guidelines

are outlined below.

Plant capacitiesof 50, 250, and 1000 ton per day were suggested.

These capacities are approximatelyequivalentto 0.5, 2.5, and 10 railroadcar

loads per day. A plant capacity smallerthan 50 tons per day might not be

economicallypracticaland it is difficultto imagineearly plants with capac-

ities over 1,000 per day. The process evaluationstartingpoint should be the

clean coal at the preparationplant deliveredto the on-site processingfacil-

ity. The end point is preparedfuel (eitherCWF, or dry coal) deliveredto

the users storage unit.

p@velop ProcessF1owshee_t..As a first step, process flowsheets

detailingthe transformationof coal filtercake to its final product, i.e.,

CWF or dry coal, should be developedfor the followingthree plant capacities

and transportationdistances:

• 50 ton/day- I0, 50, and I00 miles

• 250 ton/day- 10, 50, and 100 miles

• 1000 ton/day- 50, 100, and 300 miles.

The purpose of these flowsheetsis to providea sound basis for estimatingthe

productioncost. All major equipmentsuch as crushers,pumps, agitatortanks,

conveyors,screw feeaers,cyclones,etc., should be identifiedand included

for accurate estimation.

Flowsheetsshould also includethe type and size of equipmentre-

quired at each stage of the producer'soperationand at the user's site, as

well as proposed transportationmodes and containers. All supportsystems

requiredfor proper controlof storage,handling,and transportationshould be

recommendedincludingventilation,climate control,and any others as neces-

saryo Key process areas that should be includedare:

• Clean coal handling (Clean coal processingoperationslike con-
veying,drying,blending,screening,etc.)

• AdditivesPreparation (Reconstitutionadditiveslike gels, bind-
ers, dispersant,stabilizers,etc.).
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• Reconstitution/reformulationprocesses (Pelletizing,drying,
gelling, etc., operations).

• Producthandling,storage,and transportation
• Slurrying(if used).

Health and safetymonitor points and transport-accidentconsiderationsshould

also be recommended. Duration of storageshould be indicatedat each stage.

A typical processflow-sheet is shown in Figure 18.

EstimateProcessingProduct_io.nC__ost___ss.Economic projections,which

includecapital and operatingcosts to processthe clean coal filtercake and

producethe CWF, will be estimatedfor the three plant capacities. These

estimateswill includethe broad areas outlinedearlier.

While developingthe cost model, severalfactorsand assumptions

control the reconstitution/reformulationand slurryingstages. Therefore,the

cost models developedfor the four programsof approach should share the same

common assumptionsto allow meaningfulcomparisonbetween the programs. Table

11 summarizessuggestedvalues for many common raw material and utilitycosts

: and estimatingfactors. Based on these assumptions,the followingcost items

will be included in Battelle'sestimate for the three plant capacities'

• Capital investment

• Annual operatingcost.

; Contributionsfrom individualprocess areas outlined earlierand the total

processing/productioncost will also be provided. i

Finallythe product cost, in S/ton feed filter cake or S/MM Btu

slurry,will be estimated. This is a combinationof the operatingcost plus a

fraction of the capitalcosts proratedover the annual clean coal pellets,

slurry, dry coal, etc. produced. The fractionof the capital costs to be

° added to the operatingcosts dependson many economicfactors such as interest

rate, debt/equityratio, tax rates, plant life, profit levels desired,etc. A

common way of includingthe capitalcost contributionis the use of a "capi-

. talizationfactor." A factor of 2.3.8percentof Fixed Capital Investment

(FCl) will be applied, lt is based on a 15 percent after tax return based

=

9

.
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on FCI, and a 37 percent combinedstate and incometax rate [0o238 = 0.15/(I-

0.37]. Productcost then becomes"

ProductCost = IAnnualOperatinqCost + (0.238• FCI)
Annual Production

If annual production is expressedin tons, the productcost will be S/ton; if

MM Btu slurry, the productcost is S/MM Btu slurry.

Co__mmercialCoal pellet Producers. We have identifiedthe following

coal-pelletplant operationsproducingcoal pelletsfor commercialuse.

• Pyromining,Kentucky

• Flyash Haulers,Nevada.

Both these operationsare currentlyproducingpellets via roller and die

techniquesat quantitiesbetween50-300 ton/day. The data they have generated

for storage, handling,and transportationis of great interest. We plan to

visit one or both these plantsto gather productionand cost data.

Task g - PrepareAdditionalCake

N_eedfor AdditionalCoal

The originallyplannedscope of Task 9 includedthe productionof

2,000 Ibs (dry equivalent)of both IllinoisNo. 6 and Utah coals -- 1,000 Ibs

for small-scaletestingand 1,000 Ib for pilot scale testing. This effort has

been completed. However,upon completionof the bench-scalestudies,and

after review of the quantityof pellets needed for the various storage, han-

dling, transportationand slurry-preparationtests, the required quantityof

clean coal was reevaluated. About 5,700 Ib of dry clean coal was required,

see Table 12. lt became clear that the originalplannedclean-coalproduction

would be inadequateto properlyevaluate the many pellet propertiesof inter-

est.
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Therefore,with U. S. DOE approval,the quantity of clean coal re-

quested from AMAX was increased. In addition,clean Elkhorncoal was added to

the AMAX request. (Recallthat the first 1,000-1bbatch of Elkhorncoal was

supplied by Virginia PolytechnicInstitute,as they could best meet our de-

manding delivery schedule.)

Delivery Schedu]e

The quantityand delivery scheduleagreed betweenBattelle and AMAX

is shown in Table 13 below.

° TABLE 12. CLEAN COAL REQUIREMENTS
i _ ; ....'...... ,,,,,,,!'_,,'_,",-' _ ' ' - _ =

Test Description Quantity of Dry-Coal
Required,Ibs,_;,'..... v,"

Main production,2 processesx 2 binders @ 4,000
1,000 Ib each

Lignin Sulfonatetest (IllinoisNo. 6 1,000
coal,roller-and-diepelIet.izat.!.on)

Truck transportation(I @ 200 Ib) 200

Super pellet study (I @ 500 lb). 500

Total 5,700 dry, or
at 40 % mois-
ture, 9,500 Ib
filtercake

__ ;_ : ..... , _, :_ Ii ii IlI_ ill I i I I

TABLE 13. ADDITIONAL PILOT PLANT CLEAN COAL DELIVERYSCHEDULE
.... ,, , , - : , ,, ,

Coal Delivered Final
Through Balance Delivery

Needed Filter Cake September Due 6th Date

.... Quantity,.d.ry!b.s 30, I_9_91 Quarter

IlIinois 5,700 4,679 * September
No. 6 ...... 13, 199.1

Utah 5,700 2,050 3,650 October
SkylineMine ............. 21, 1991

Elkhorn 5,700 0 5,700 November
No. 3 22.,1991

• ...... Amax cleaned ai] the ava'il'ableI'llinoisNo. 6 coal, no additional
clean IllinoisNo. 6 coal was requested.
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Note that Amax met the initialdelivery scheduleprovide in the last yearly

plan. This extension in the productionquantitiesnecessitatesthe extension

of the Task 9 period from July I through November,1991. This is reflectedin

the Schedule presentedpreviouslyin Figure 2.

Clean Coal Producti on

As part of the deliveryof cleanedcoal, 4,350 Ibs of IllinoisNo.

6 filter cake, (2,679 Ib dry equivalent)was shippedon September5, 1991.

This productionfollowedthe proceduresoutlinedin the second quarterly

report. A comparisonof the moisture and ash levels of the initialand recent

clean coal deliveriesis shown in "[able14 below.

TABLE 14. ANALYSIS OF CLEANED ILLINOISCOAL

, , , '

Characteristic Initial IllinoisNo. 6
Coal New IllinoisNo. 6 Coal

ii Jim mt t i i

I Jl
Moisture,_ 42.5 38.4

i

Ash, % 4.38 4.28, ,,,

The ash levels are similarand more efficientdewateringwas achievedin the

i new clean coal production. The clean-coalparticlesize distributionis shown

in Table 15.

PLANNED FUTUREACTIVITIES

Work in the sixth quarterwill involvecompletionof Task 3 (Pre-

pare Bench/Pilot-scalePellets),and work on Tasks 4 (EvaluateStorageCharac-

teristics),5 (EvaluateHandlingCharacteristics),6 (EvaluateTransportation

o Characteristics),7 (ReslurryPelletsand EvaluateCWF), and 9 (PrepareAddi-

tional Cake).

Work on Task 8 (Utilization/Commercialization)originallyplanned

to commence in February,1992 mav be accelerated(but is still shown on the
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scheduleas beginning in February). The informationgatheredwill be incorpo-

rated in our assessmentof the economicsof the variousprocesses and binders.

TABLE 15. PARTICLESIZE DISTRIBUTIONSOF MICRONIZED
ILLINOISDELTA MINE FLOTATIONFEED AND CLEAN COAL(a)

ParticleSize, /_m Clean Coal
,,,,, ,,..,,, " "' ,.--'",' i ,. '"" '

75 99.93
ii illl iianI

53 99.84
,,,, . , .,

45 98.45
,,

38 98.22
, i i ,,

30 96.89
, ,

20 78.93
,, ,,..

15 68.87

10 50.76
,, , , .....

8 43.43
, ,, ,.....

6 32.55
..

4 21.97
• ,, , .,, , ,

3 14.91
, , ,,

2 7.53
,,, ,, ,,,, i

1 1.56
,,, ,,,,, , , ,, ....... _.

Mass Mean Diameter,/zm(b) , 12.2
. ,, ,,.....:LI ,, , , ,,,, LJ l ,

(a) Combinationof sievingand SediGraphdeterminations.
(b) Calculatedfrom particle size distribution.

: Specifically,we plan to"

• EvaluateShur-Bondand corn-starchpelletsfor all
three coals with the two recommendedprocesses.

• Study IllinoisNo. 6 coal with lignin sulfonatebinder for
roller-and-diepelletization.

,,_..,,.:.............. .:::_,-..,,; _,_ ,,,,,, ............................................ _....................... Illl ........................................................................................ " .................................... I ................. 111|.............................. _-'--_ ....... -=--
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• Complete large-scale clean coal production.

• Test pellet properties of one pellet and one coal against its raw
parent coal in an actual truck transportation test. The esti-
mated pellet quantity required for a 55 gallon drum filled to 1/2
- 3/4 of its capacity is 200 lbs.

• Select for each coal, one pellet/binder combination for "super-
pellet" production. The "super-pellet" would contain all the
additives that are necessary including reslurrying. The aim of
making this type of pellet would be to ensure that at the user
site only minimal effort will be required for the reslurrying
process, i.e., crushing and adding water. The estimated quantity
required for the "super-pellet" study is 500 lbs.

SUMMARY

Significantaccomplishmentsachievedduring the fifth quarter in-

clude:

• Preferredbinder dosage was establishedfor pilot plant roller
and die IllinoisNo. 6 coal production.

• Pilot scale IllinoisNo. 6 and Utah pellet productionwas initi.-
;_ted.

• Plans for disk and extrusionpelletizationwere finalizedand
pilot-scaleequipmentleased; all pellet productionshould be
completedby early December,1991.

• Reduced-costslurry productiontechniqueswere identifiedand
several alternativestested.

• Over 4,350 Ib of froth-flotationcleaned IllinoisNo. 6 coal fil-
ter cake (2,679Ibs dry basis) was preparedfor the pilot-scale
reconstitutionand slurryproductiontestingin this quarter;the
Utah and Elkhornclean-coalshouldbe deliveredby the end of
November.

• The project is approximatelyon scheduleand on budget; all indi-
cations are that the overall projectshould be completedon or
before schedule.



APPENDIXA
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