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1.0 INTRODUCTION

- In October 1988, the Departmentof Energy (DOE),PittsburghEnergyTechnologyCenter
(PETC) awarded a contract to ICF Kaiser Engineers (ICF KE) entitled "Engineering
Developmentof Advanced Physical_Fine Coal Cleaning Technologies- Froth Flotation"
The contract is a multiple task contractthat includesconceptualdesign, laboratory

- scale testing for reducing uncertaintiesdiscovered during the conceptual design,
buildingand operatinga 2-3 TPH advancedflotationproof of concept (POC)module,and
based on POC operatingdata completinga final conceptualdesign at 20TPH feed rate.

The Overallgoal of Task 5 of the EngineeringDevelopmentContract is to developthe
"- necessaryunit operationdesignand processperformancedata to (1) reduceor eliminate

the technical and engineeringuncertainties of the preliminary 20 TPH advanced
flotation semiworksplant and (2) design, build and operate a 2-3 TPH advanced

-' flotationPOC module°

i There are severalalternativeadvancedflotationtechniquescurrentlybeing developedby others to commercialor near commercialsize unit operations. These alternatives
differ primarilyin the procedureand chemistryused to generatebubblesand/or treat

- thecoal surfaces during flotation,proceduresfor injectingfine bubbles into the
flotationcell, and the physicaldesign of the flotationcell. A round robin program
using devices from most of the processdevelopers working in the advanced flotation

_ area has been organized as part of this Task. Two process developers who were
contacteddeclined to participate. :

The conceptuallydesigned advanced flotation unit will be initially scaled-downto
operate.at 100 pounds per hour. The unit will then be scaled up, using the process
developers'guidance,and informationobtainedfrom Task 6, ComponentDevelopment,to

- operate at 20 tons per hour. From this design a proof ofconcept scale size will be
,, designed, constructedand operated at a feed rate of 2-3 tons per hour. After the

N testing of the POC size unit, a final 20 tons per hour feed rate machine will be
designed.

- During subtask 1.5.11, advanced flotationevaluation on a semi-continuousbasis, an
_ advancedflotationmachine capableof processing100 poundsper hour Ts required. This

flotation machinewill be utilizedto v_rifyoperatingconditions,qualityperformance,
.... and generatingmaterialfor filtratior,,dewateringand clarificationequipmenttesting.

L

- The tests will use the most,efficient,cost effective flotation cell available to
_ improve'thepossibilityof attainingthe maximum amount of BTU recovery and maximum
_ amount of pyriticsulfur rejectionpossiblefor a given coal at a given particlesize
- distribution. Therefore, the objectiveof this round robin testing is to selectthe

"best available" advanced flotation technology for installation into the semi-
- continuousprocessat Babcock and Wilcox (B&W) A11iance Research Center.

i 2.0 TEST PROGRAMPROCEDURE
Approximately120 pounds of fine coal slurry and 120 pounds of dry I/4" x 0 coal were

_ prepared by Babcock & Wilcox at its Alliance Research Center (ARC) for use by each
participant in the Round Robin Testing of advanced flotation. Figure 2.1 is a
flowsheetoutliningthe major steps performedin preparingthe dry coal sampleand the
fine slurry. The methodology of grinding, sampling, inerting, and analyzing the

" samplesduring preparationis describedin detail below.

l 799/4311/044/905
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I 2.1 Coal Crushing and Feed Preparation,,

I 2.1 1 Coal Crushing

Five Barrels (approximate1400 Ibs) of PittsburghNo. 8 coal were shipped
from Praxis Engineers,Inc. This coal was obtained from BelmontCounty,

I Ohio and was supplied by R&F Coal Company. This channel sample of coalwas set aside from the DOE/PETC "Coal SurfaceControl for AdvancedFine
Coal Flotation"project. The coal was 4" x 0 and was stored in plastic .

-" lined drums, inertedwith argon, and taped prior to shipment to the B&W
" ARC.

Upon arrival,the coal was crushedto I/4"x 0 using a HammermillCrusher,
M Model #3296, from Holmes Bros, Inc. in Danville, Illinois. The size
= analysisof the 1/4"x 0 fraction is shown in Table 2.1. 'lljecrushingwas

done very quicklyand without inerting. The crushed coal was stored in

I barrelspurgedwithN 2 as it was produced. After all the coal was crushed,the barrels of product coal were dumped on the floor and mixed together
before riffling. The sample was riffled down twice. The first time was

4m to producea sampleof approximately40 Ibs. The 40-1b samplewas further
_ split into four 10-1b samples and used for coal analysis and flotation
" analysis to determinesigns of oxidation.

The I0 pound sampleswere stored in separateplastic bags and purgedwith
J rN2for approximately4 times the volumeof the coal. The plasticbagswere

sealed with a thermal sealer. The samples were then double bagged and

I ago_inpurged,withN_ before the outer bags were sealed_ Two of the 10-1bsamples were !forASTM coal analysis. The two nther ]O-Ib sampleswere
shipped to ProfessorD. W. Fuerstenauat the University of Californiaat
Berkeley (UCB) for standard flotationtests to verify the coal did not

I Fuerstenau's at UCB is the lead of the
change. Profess,Dr group llCoal

Surface Control for Advance Coal FlotationProject".

I The remainingcoal (approximately1360 pounds) was remixed and riffledagain to obtain 40 pound samples for the Round Robin Test participants.
Each samplewas weighed,bagged, purgedwith N2 for approximately4 times

! of coal volume,sealedwith a thermalsealer,doubledbagged, purgedwith
_. N2 again, sealed,and stored in a 5.-gallonplasticbucket. Each bucketwas
-- purged with N_ bi.:forethe lid was tightened. Three 40 pound samplesof

I/4" x 0 coat (total of 120 pounds in 9 buckets) were shipped to each

m participant. Theremaining crushedcoal (approximately400 pounds)which
was used by B&W.to preparefine coalslurry was stored in a barrelwith a
plasticliner,purgedwith N2, sealedwithtape, double bagged,purgedwith

N2 again, taped, and the barrel was purged with N2 before the lid was,_ealed.

I 2.1.2 PulverizedFeed Preparation
Prior to prepara.tllonof slurry, the remainingcrushed I/4" x 0 coal was
further reduced iJnsize by pulverizing with a hammermill, a Mikro-

-m_ Pulverizer,ModelltSH. The pulverizedcoal has a size distributionof
_- 99.5% less than 300 microns (48 mesh) and 74% less than 75 mic_,_ns(200

mesh) The size analysisof the pulverizedcoal is shown in Table 2.2 and

m Figure 2.2. The !'pulverizedcoal fractionwas used as feed to a stirredball mill for fini.:coal slurry preparation.

i 799/4311/044/906 3



I TABLE 2.I

ParticleSize Distributionof I/4, x 0 Fractionof PittsburghNQ. 8 Coal

DOE/PETC

I ACG-90-4545-08September7, 1989

._ Sample No. .C-20409

Description Pittsburgh#8 Coal

Sizing Sieve No. _.ThrL

i I/2 inch I00.0

- I/4 inch 99.2

#4 97.6

8 78.8
16 49.4

30 29.7

50 17.6

70 12.9

l I00 9.6140 6.9

: 200 5.0

270 3.0

- 325 2.5

799/4311/044/9034
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TABLE 2,2

partic!e Size.Distributionof PqlverizedPittsburqh No. 8Coal

i Pittsburgh#8 Coal, Pulverized
For AttritorRound Robin

l PBRFO001,8-29-89

i MICRONS %LESS DIFF
" 2400.00

1697.06

i 1200.00848.53
600.00 100.00 0.29

l 424.26 99.71 0.21
300.00 99.50 2.04
212,13 97.46 5.83

I 150.00 91.63 6.52106.07 85.11 11.17

a 75.00 73.94 13.51
-- 53.03 60.43 11.85

37.50 48.58 10.89

26.52 37.69 9.7218.75 27.97 6.81

1'3,26 2!.16 6.71

l 9.38 14.46 [.546.63 8,92 3.15
4.69 5.76 2.27

l 3.31 3.49 1,36
2.34 2.13 0.93
1.66 I.,20 0.44

: 1.17 0.77 0.35_

-- 0.83 0.42 0.24
0.69 0.18 0.15

i 0.41 0.03 0.03
0.29 0.00 0.00

l 0.210.16
CSICAL SURF AREA I=0,40 M=:2/CM==3
MMD(D43)=58.82MICRONS

l SMD(D32)=I5.12MICRONS

!
!

799/4311/044/9035
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I 2.2 Slurry Preparation

J

E 2.2.1 Mill Preparation
......A laboratorybatch stirredballmill,an attritormill from Union Process,

Model IS, was used to prepare the fine PittsburghNo. 8 coal slurry. A
photograph of the mill is shown in Figure 2.3, The dimension and the

I capacityof the mill are shown below:

Mill diameter: 9 inches

E Mill depth: 8 inches
Mill volume: 2.5 gallons
Grindingmedium: 3/16" 440 stainlesssteelbeads

E Medium charge: 60 Ibs (approximately60% of mill volume)

The mill was rinsed with a volume of tap water equivalentto three times

I the mill volume while the grinding shaft _was turning at a slow speed(approximately70 rpm) to remove anyrust in the mill. The mill was then
rinsed with distilledwater to displace remainingtap water left in the
mill. The wash water was drainedout while the grindingshaft was rotated

E at a slow speed.

2.2.2_Fine Grinding

I The amount of coal required for grinding was calculated based on the
moisture in the coal and water left in the mill. Typical weightsof water

E and coal for 'fineslurry preparationwere as follows:
"Target"Solids content in slurry: 35.5%
Moisture in pulverizedcoal: 3.4%

! Water left in the mill: 300 gm
Weight of additionaldistilledwater: 2430 gm
Weight of pulverizedcoal: 1550 gm

I Prior to grinding,the distilledwater for making the slurry was poured
into the mill. The coal was then slowlyfed intothe mill while the shaft

,., was rotatedat 185 rpm and the timer was started. No dispersantsor any
other chemicalswere used during grinding._

Generally,it_took about 15 minutes to load and wet 1550 grams of coal.

E N2 purgingwas not appliedduring coal feeding becausethe N2 flow tendedto blow the fine coal out of the mill. After the coal was completely
blendedinto the water, the coalwas groundfor 5 minutesat 185 rpm while

E purgingwith N2, The temperatureof themill was controlledby circulatingcold tap water through the water jacket providedwith the mill.

2.2.3 Slurry Handlingand Storage

.!
Approximatelyseventeen,0.75 gallon batches of slurry were prepared for
each Round Robin Test participant. As each batch was ground it.was

E transferredto a 30-gallonplasticcontainer. The containerwas purgedwith N2 after the slurry was transferred and the lid was then sealed.
Residual slurry in the mill was cleaned with tap water and rinsed with

i distilledwater, as describedabove, prior t_ grindingthe next batch.

799/4311/044/907
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I ' After all 17 batches of slurry were ground, they were mixed .at
approximately100.rpm for 10 minutesusing an air driven stirrerwith an
8-inchdiameter impeller. Two, one quart size sampleswere then taken for

m solids,particle sizedistribution(PSD),pH, ash, Btu, total sulfur,andpyritic sulfur determinations. Also, a 2-gallon composite sample of
slurry was obtained and shippedfor_washabilityanalysis. These samples

I were placed in a plastic'bag,.purged with N2, taped, put in a S-gallonplastic bucket, and purged wlth N2 before the bucket was sealed for
shipping. The remaining slurry was transferred to another 30-gallon

i plasticcontainerwith double plasticliners. The slurrywas purged withN_ and the inside and the outside plastic liners were sealed with tape.
Finally,the containerwas purgedwith N2 and the coverwas tightlysealed.
The slurry_sample (approximately120 Ibs) aridg buckets of dry coal.

I (approximately 120 Ibs) were shipped to each Round 'Robin _Testparticipants.. .

m 2,3 Coal and Slurry Characterization
2.3.1 Coal Analysis

m The as-receivedcoal from Praxis Inc. was analyzed at B&W forEngineers,
proximate analysis,'ultimate analysis,and Btu. Comparison of the B&W
coal analysisdata fromTable 2.3 with previousanalysisobtained fromUCB

I Table 2.4 showed that thecoal B&Wreceived from_Praxiswas the same coal'_ used by UCB on "Coal Surface Control for Advanced Fine Coal Flotation,'
. project.

I 2.3.2 FlotationTests

UCB has developed standara _,,F_Jingand froth flotationprocedures for

m testingcoals,as part of the "Coal SurfaceControlfor Advanced Fine Coal
Flotation"project. They performedtheir standardgrindingand flotation

' tests on the I/4" x 0 PittsburghNo. 8 coal samples obtained from B&W.

m The flotationresultswere similarto their previousflotationresultsonPittsburghNo. 8 coal. This indicatedthat the batch of PittsburghNo. 8
coal received by B&W from Praxis Engineers, Inc. did not oxidize during

am storage.

-- 2.3.3 pH of Dry Coal

m , ,

The pH of the dry coal was measuredby suspendingone gram of coal in 100
ml of distilledwater. The pH for the dry coal are as follows:

m As received coal: 3.1I/4" x 0 fraction" 3.6
Pulverizedcoal: 3.8

| '2.3.4 ParticleSize Distribution(PSD)

The PSD of the I/4" x 0 samples was determined using standard ASTM

m screening methods. The PSDs of pulverizedcoal feed and the slurryproductwere measuredusing two Leeds and NorthrupMicrotracparticlesize
analyzers. Small dry coal and slurry samples were dispersedin dilute

I surfactantsolutions to insure the particleswere well dispersed beforethe PSDs were measured. A standard L&N particle analyzer measured the

u 799/4311/044/908 9
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I TABLE 2.3

q _CoalAnalysis of PittsburqhNo 8 Coal (From B&W)
,,

DOE/PETC

I ACG-90-4545-08 ,September7, 1989

I

Sample No. C-20369

Description Pittsburgh#8 Coal

I Basis As Received

I Total Moisture,% 5.07 ---
I

ProximateAnalysis,%

Moisture 5.07 ---
Volatile Matter 36.28 38 22
Fixed Carbon 46.60 49.09

•m Ash 12.05 1269

8 Gross Heating Value 12032 12675
Btu per Lb.

I .
I Ultimate Analysis,%Moisture 5.07 ---

Carbon 66.75 70.32
q Hydrogen 4.58 4.82

Nitrogen 1.19 1.25
- Sulfur 4.21 4.44

Ash 12.05 12.69

I Oxygen (Difference) 6.15 6.48

Total 100.00 100.00

I
I

-I
m ,799/4311/044/9036
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TABLE 2.4

Coal Analysis (FromUniversityof Californiaat Berke!ev)

ProximateAnalysis,Dry Wt %
As Recd.
Moisture% Yol, Matter FixedCarboq ___

IllinoisNo. 6 9.5 36.2 46.3 175

- PittsburghNo. 8 2.3 35.7 52.5 11

Upper FreeportPA 1.0 26.2 61.8 121)

- UltimateAnalysis,Dry Wt %
AS Recd.

_ Moisture% Carbon _Ivdroqen Nitroqen _ulfur oxygen

: IllinoisNo. 6 9.5 63.8 5.7 1.24 5,73 6.]0

PittsburghNo. 8 2.2 71.0 5.1 1.45 4.28 6.40
-

Upper FreeportPA 1.8 75.6 4.7 1.45 2.38 3.85

|

I

I
I

I

I

I
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particle size range of 4.7 micronsto 300 microns. A small L&N particle
analyzer measured particles from 0.17 micron to 21.1 microns. The
percentagesof particleslarger than 300 micronswere_determined using a
wet screen method. The PSDs from the two analyzers and the oversized
particles (greater than 300 microns) were overlapped using a computer
program developed at B&W. THe PSD of the compositeslurry is shown in
Table 2.5 and the histogramis shown in Figure 2.4.

2,3.5 Solids Content

Tl_esolidscontent of the slurrywas measured using a Computracmodel Max
50moisture analyzer. The solidscontentof the slurry frome_ch grinding
and the compositeslurry were measured. In general, the solids content
ranged between35.5 to 36.5%. The actual solidscontentfor the composite
slurry is given in Table 2.6.

- 2.3,6 Btu, Ash, Total Sulfur,PyriticSulfur,and pH for CompositeSlurry
,,

The compositeslurrywas analyzedfor Btu, ash, total sulfur,and pyritic
- sulfur at B&W using ASTM methods. The pH of the composite slurry was

measured by immersingthe pH electrode in the slurry. The results are
- shown in Table 2.6.

- 2.3.7 Washability'and Pyrite Liberation

Washability data on the composite slurry was determined by Tradet
- Laboratoriesfor the fine grind and by Praxis Engineeringfor the coarse

,_ grind. The results are shown in Tables 2.7 and 2.B respectively. The
pyrite liberationtests on previousslurry samplespreparedunder similar
grinding conditions was measured by Virginia Polytechnic Institute and

i State University (VPI). are Figure
The results shown in 2.5.

2.4 Round Robin Participants

I The following participantswere contacted and agreed to participate in the
advanced flotationRound Robin test program on a cost share basis.

,

Table 2.9
-- I List of Participants

I o Allmineral (Aufberetungstechnik GmbH& Co. KG)o B. Datta Research
o Center for Applied Energy Research

i e Deister ConcentratorCompany, Inc.• IllinoisState GeologicalSurvey
• Michigan TechnologicalUniversity

_-n • Virginia PolytechnicInstituteand State University
i

Two other organizationswere contactedto participatein the Round Robin. They
are WEMCO and AFT, Inc. Both of these organizationsdeclined to participate.

U A third organization was contacted to participate, Advanced ProcessingTechnologies,Inc. Amutual decisionbetweenDOE/PETCand ICFKEdetermined that
resultsfromongoingcontractswould be used to compareresultsof the Air-Spared

i Hydrocyclonewiththe advancedflotationdevices. Therefore,AdvancedProcessingTechnologies,Inc.was not includedin the Round Robin Test.

i 799/43II/044/909
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m
l TABLE 2.5

Pa._ticle S.l_e Dist..rLibutior_()f Pittsburaih No,_8 Coal-Water Slurry Product
, ,

F-4193, ATTRITOR COMBINE SAMPLE.

I FOR ILL ST, GEOL. 17 BATCHESOF 5 MIN. GRINDINGAl'185 RPM.
96.9% SOLIDS.SPL. NO. PBRP0292.AT 52

I,
MICRONS _ EI.E.E

I 2400.001697.06
1200.00

848.,53600.00 100.00 0.01

424.26 99.99 0.01

I 300.00 99.99 0.00
212.13
150.00

I 106.07
75.00

I 53.03 99.98 0,8337.50 99.15 4.52
26.52 94.53 12.72
18.75 81.91 16.03

I 13.26 65.89 17.42
9.38 48.47 16.96

I 6,63 31,51 12.204.69 19.32 7.58
3.31 11.78 4.62

i 2.34 7.14 2.81
1.66 4.33 1.53
1.17 2,80 1,20

m 0.83 1.60 0.83. 0.59 0.77 0.56

I 0.41 0,21 0.210.29 0.00 0.00
0,21

m o.15
CS(CAL SURF AREA)=I.06M=--2/CM-3
MMD(D43)=11,91MICRONS

m SMD(D32)=5.67 MICRONS

I
•m 79g/4311/044/g038 13
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TABLE 2,6
L

I Characterizationof PittsburghNo. 8 Coal-WaterSlurry Product

!
Slurry Dr,vBasis

I Gross Heating Value (Btu/Ib) .... . 12,389

Ash, % .... 12.05

I Total Sulfur,% S .... 3.92

i Pyritic Sulfur, % S .... 2.44
pH 5.49

I Solids Content, % 35.9

I
I
I

I j

il
I

I

I

I
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I
2.5 Phase I --Tests I Through 3

I The of Phase I Tests i-3was two fold, The first was to determineif oxidation
purpose

occurred to the B&W .preparedsample. The second was to identify if fine grinding to
liberate pyrite resulted in better pyrite rejectionthan coarse grinding,

I Test Number i was a controlledsize distributiontest to establishthe mean volumesize
for future tests and to assure that each participanthad the "same"coal. Test Number

i 2 was included to ascertain if oxidationhad occurred to the Test I sample. TestNumber 3 was conductedto indicate if a coarsergrind producedthe same efficiencyas
a finer grind thusimproving the overalleconomicsof the project.

m Tests I through3 were conductedby each participant. Each participantexceptDeisterand Allmineralwas observedby a representativeof ICF KE during the actual runningof
one of the first three test_, Each partic@pant performed analytical tests and

I calculatedseparationefficiencies.The participantrecordedhis resultsand submittedthem on Table 2.10, Report Form for Tests I-3. ICF KE receivedrepresentativesamples
of feed, productand tailings for laboratoryverificationpurposesfrom VPI, Michigan

i Tech, and ISGS, All other participantsdid not comply with this request.

I
I

I

I

I
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I TABLE2,I0
i

REPORTFORMFORTESTS1-3
Date Test I,D, SerumPitt._bur_h8

I Description: This test is for B&W prry.lz_kredand oartlclpant._reparedsamplo.@at fixed
,_onditions,....

-- } _ iil IlIL _ iii,h I i II i li

Geometry:

m . Height _. in,
- Diameter ......... in.
- SlurryFeedPoint .... in,

i Wash WaterAdditionPoint in, fromtop- FrothHeight in. fromtop
L

- PulpHeight in,

:m _ Type of Baffles& Spacing in,

OperatingConditions:

I -Wash WaterFlow Rate GPM,
- Air FlowRate CFM
- FeedSlurryFlowRate GPM

m - Feed SlurryPercentSolids . )LO%.by weight
- - Feed SlurrypH .7,...0.

- FeedSlurryParticleSize PSD b_y_B&W

I - Air Hold.-Up-Mean RetentionTime 5 minutes

i Reagents:
- CollectorName )Kerosene
- CollectorAdditionRate ... 3,0 ,#/Ton

m _ FrotherName Powfro_.hM150.- FrotherAdditionRate __.).__P_._.#/Ton
- ModifierName N/A

I - ModifierAdditionRate ..N/A,#/Ton, - Name & Function N/A
- AdditionRate ..N/A #/Ton

I Results:

Stream Yield % Solids Pyritic Ash Total

m Grams By Weight Sulfur Sulfur
Product ____ _____

m Reject .....Feed ___

" BTU Recovery S02/MBTU PyriticSulfurReduction_____

I Note: All conditionsnotspecifiedare tobe determinedby theparticipantandforeachtest
recordedon thislog sheet, If conditiondoesnotapplyto participantitmustbe markednot

m applicable(N/A),

mm 799/4311/044/9011
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I The data from all tests I through3 of Phase I were forwardedto ICF KE, This datawas
compiled and the results sent to the TechnicalSupport Team (TST). The TST reviewed
the data comparing tests I to 2 and test 3 results to the first 2 tests. After the

I made recommendationsthat each participantproceedwith Test 4 at the
review the TST
finer grind.

I 2.6 Phase II --Test 4

The purposeof Phase II Test 4 was two-fold. The first was to permit the participant

i to alter the reagents to ensure proper operationof their particular devices. Thesecondwas to permit the participantthefreedom to maximizeBtu recoveryand maximize
pyriticsulfur rejectionbywhatevermeans he deemedappropriate. The only restriction

m placed upon the participantwas the size analysisof the feed, which had to match, as
_:losely as possible,the size analysis of Test I.

Test 4 was conducted by each participant. Each participant,except Deister and

i Allmineral,was observedbYta representativecfaICF KE during the actual performanceof Test 4 Each particip performedanalyti l tests and calculatedthe separation
efficiency. The participantrecorded hi_ results and submittedthem on Table 2,11,

i Report Form for Test 4. ICF KE received samplesfrom the participantsfor checkinglaboratoryverificationpurposes. Feed sampleswere received from VPI and Center for
Applied Energy Research; Michigan Tech, ISGS, B. Datta Research, Allmineral,and
Deister did not supply feed samples. C_nter for Applied Energy Research,B. Datta

Research,ISGS, MichioanTech and VPI sup ,liedsamplesof Productand Tailingsfor theTest Number 4. Allmineraland Deisterd d not supply product and tailingssamples.

I All rec:.ived=sampleswere analyzed at Co _solidatedcoal company Research Laboratory.The results of this analysiswork and t',beparticipantsreported valves are shown on
Table 2,12. All of the participantsrep_)rtedvalues correlatevery closelyto Consol
verificationtests.

I The separationefficiencyis defined asj:ollowsfor this report:
I

I Separation Efficiency= BTU Recovery- (lO0-PyriteRejection)

wheire

I d) x i'_PYrite .Ref_q__Pyrite Rejection= (100-Yiel in
100 x % Pl/ritein Feed

Jl
a_dBI

BTU Recovery = W.T%Yieldx_;oal BTU

I I00 x Raw Coal BTU

This separation efficiency is based oI._industry accepted methods as published by

I Electric Power Research Institute.

!
!
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I ' TABLE2. ] ]

I REPORTFORMFORTEST 4
Date Test I.D. Seam Pittsburgh8

I Description: ]his test is for ,ICFKE,top size spe..c.ifiedand cQalparticipantsP,repare_
,andparticipant,s'conditions.

, ,

!
6eometry"

I - Height in.
- ,Diameter ' in.
-,Slurry Feed Point in. ,,
- Wash Water Addition Point in. from top

,- Froth Height in. from top
- Pulp Height in.

I - Type of Baffles & Spacing in.
Operating,Conditions:

I ,
-Wa'sh Water Flow Rate GPM.
- Air Flow Rate CFM

.I - Feed Slurry,Flow Rate GPM ,,
- Feed Slurry Percent Solids by weight
- Feed Slur,ry pH
- Feed Slurry ParticleSize

I - Air Hold-Up- Mean RetentionTime minutes

I Reagents"
- CollectorName
- CollectorAddition Rate #/Ton

I - FrotherName- FrotherAddition Rate #/Ton,
- Modifier Name

I - ModifierAddition Rate #/Ton- Name & Function ,_
- Addition Rate #/Ton

I Results"

Stream Yield % Solids Pyritic Ash Total

I Grams By Weight Sulfur Sulfur
Product

_11 Reject __ ....
| Feed

BTURecovery , S02/MBTU Pyritic Sulfur Reduction

Note- All conditions not specified are to be determined by the participant and for each test
recorded on this log sheet. If condition does not apply to participant it must be marked not

I applicable (N/A).
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TABLE 2.12

I VERIFICATICNT_

I IALMN I BICIRI C-_ I DCCI I ISGS I Mru I VPI_P_ I #4 { ,_ I _ I #4 { *_ { #4 I _

I ASH _ _ , N/A N/A 11.65.{ N/A N/A N/A ' 11.07

_,__,_ _,_I_,_I_:_1_'_ _,_t _/_ .
PYRITICa_ _ _ NIA N/A N/A N/A N/A 2.

I 6'117RE_ NIA N/A 12,,_ , N/A NIA NIA 12506
BTU C'HEQKI_) NIA I NIA 12730 1 NIAI NIAJ NIA 12854

II HRCI_
_

,o_1_I_1 _'_° _". 5.0,3 . .

. . 2.02 . ,

_T_C_ __ NIA ,_ NiA'0.77 o.
I , . 0,43 .

BTU_ N/A I I 14,322 14333
,B'IU _ N/A I 14°_e'1_221 1411013900 I N/AN/A I 1_._ I 138_

18
ASH 96 _ N/A I ,,o:_I '°,,_ I I°_'°'. N/A 70.30 j

| . NII II, 14. 76

FNRITICSI.E,b_% _ N/AN/AiIs14,_IIs's°15,731N/AN/A114Io,_111'12,7210I 4'_9_
I PYRITIC _'LFLR % CHE_

BTU _ N/A I P..,,,502 N/A 9O57

BTU _ N/A I N/A 42481 8991

I AL MN = ALL MINERAL,BDR = B, DATIA _, _ = _ for _ RF.SEARS,
APPLIFL)

IX3CI = DEISTI_ _ (XI_ANY, INC,, ISGS = ILLINOIS .STATEG_OI.OOICALSURVEY,
MTJ = MICHIGAN,_ICAL UNIV_ITY, VPI = VIRGINIAPOLYI_IC II_ITUTE
_D STATE _ITY

.!
!
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3.0 TEST RESULTS

I In the field Of coal prepaF_tion,it is common to evaluate and compare coal cleaningdeviceson the basis of their performancerelativeto the washabilitydata for the same
materialbeing processed. Washabilityanalysists based on gravitionalforcesand can
demonstrate the theoretical"best" possibleresults.

I The resultsof the RoundRobin testingwere evaluatedagainstwashabilitydata for two

I sizes. The first size was 200M x 0 and the second sizewas 325Mx O. lt is important
to note that the toC .] size analysis must be evaluatedeven to compare washability
data. In additionto the washabilitydata, ICF KE evaluatedthe re:.ultsbased upon a
techniqueknown as a releaseanalysis.

I The followingdiscussionscompare the results of the round robin participantsbased
upon three criteria;size analysis,washabilityby size, and the release analysis.

! 3.1 Size Analysis

TheRound Robin testingwas conductedattwo differentsize ranges. The two size

rangeswere 200M x 0 used for Test Numbers 3 of Phase I and 325M x 0 used for
Test Numbers I and 2 of PhaseI and Test Number4 of Phase II. Test Number ] of
Phase I was comparedto Test Number 3 of Phase I to determine if the reduction

in top size improved Btu recovery and pyritic sulfur rejection. The size
analysisfor Test Number4 PhaseII was to match as closelyas possiblethe 325M
x 0 grind used in Test Number I of Phase I thus eliminatingthe particle size
variable when comparingresults of Test Number 4 of Phase II.

J Test Number I of Phase I was preparedby B&W. The size analysisfor each of the
seven participantsis sh,:!,nin Table 3.1 and graphicallyon Figures3.1 and 3.2.

I As can be seen from thl.data the average d50 size was 9.38 microns with the
m smallest at 8.50 micronsand the largest at 9.96 microns. To betterdefine the

curvethe dSO and d20 valuesare also reportedon Table 3.1. The d80 averagewas
17.5B micronsvaryingfrom 15.96 micronsto 17.87microns. The d20 averagewas

I 4.69 microns from 4.10 micronsto 4.91 microns.varying

Test number 2 of Phase I was preparedby eachparticipant. The size analysisfor

I each of the participantsreporting is shown in Table 3.2 and graphicallyonFigure 3.3. The data indicatesthat the averagedSO w_s 8.87 microns varying
from 6.71 microns to 11.37 microns. This compares vaY'yclosely to the Test I

I Phase I size analysis. Further, comparing the average dBO of 16.15 micronsvarying from 11.19 micronsto 18.74 micronsand the averaged20 of 4.23 microns
varyingfrom 3.26 micronsto 6.34 micronswith Test Number I of Phase I indicates
that the participantspreparedtheir samplesto acceptableand comparablesize

I ranges.

Test Number 3 of Phase I was preparedby each participant. The size analysisfor

I each participantreportingisshown in Table 3.3 and graphicallyon Figure 3.4.The data indicatesthat indeedeach participantwith the exceptionof Allmineral
produceda grind thatwas minus 200 mesh at the d80 point. ThedSO point average

i was 33.62 microns varying from 26.92 microns to 41.78 microns. The test wasconducted at a coarser size analysis than Test Numbers I and 2 of Phase 3.
Allmineral producedessentiallythe same size consist as they did in Test 2.

I Test Number 4 of Phase II was preparedby each participant, The size analysisfor each of the participantsreportingisshown in Table 3.4 and graphicallyon

m 799/4311/044/9014 24



I TABLE 3.1

I TEST #I
SIZE ANALYSIS BY B&W

! -SIZE AL MN BDR CAER DCCI ISGS MTU VPI AVG
MICRONS WT,_ WT.% WT._ WT,_ WT._ WT.% WT._ WT._

I 600 O0 100.0 100,0 100.0 100.0 100.0 100.0 100.0
100.0

424 26 99 99 99 99 99 99 99.99 99 99 99 99 99,99 99,,99
300 O0 99 98 99 98 99 98 99.98 99 98 99 98 99.98 99.98

I 212 13 99 98 99 98 99 98 99.98 99 98 99 98 99.98 99.98150 O0 99 98 99 98 99 98 99.98 99 98 99 98 99 98 99.98
106 07 99 98 99 98 99 98 99.98 99 98 99 98 99 98 99.,98

i 75 O0 99 98 99 98 99 98 99.98 99 98 99 98 99 98 99 9853 03 99,98 99 98 99 98 99.98 99 98 99 98 99 98 99 98
37 50 99 98 99 98 99 06 98,97 99 16 99 98 99 _9 99 57
26 52 96 48 95 42 94 72 96.28 94 63 97 01 96 13 95 81

I 18 75 86 89 83 33 83 55 82.66 81 91 85 15 86 06 84 22

-- i 13 26 75 14 69 02 66 49 66 72 66 89 69 04 68 75 68 86
9 38 56 50 50 51 48 21 48 12 48 47 49 96 49 14 50 13

I 6 63 37 94 32 47 31 32 31 07 31 51 32 17 32 37 32 694 69 24 39 20 01 19 01 i8 93 19 32 19 67 20 20 20,22
3 31 15 34 12 61 11 12 11 33 11 76 11 68 12 01 12 26

I 2 34 9 74 7 73 6 70 6 73 7 14 6.,91 7 30 7 461 66 6 11 4 63 4 22 4 17 4 33 4 39 4 54 4 63
1 17 4 13 3 06 2 70 2 76 2 80 2 87 2 91 3 03
0 83 2.56 I 83 1 55 1 61 1 60 1 66 1 65 1 78

! 0 59 1,35 0 92 0.74 0 76 0.77 0 77 0 79 0 87
0 41 0.30 0,21 0 14 0 14 0.21 0 14 0 21 0 19
0 29 0,00 0,00 0.00 0 O0 0,00 0 O0 0 O0 0 O0

I 0 21 0.00 0.00 0.00 0,00 0.00 0 O0 0 O0 0 O00 15 0.00 0.00 0.00 0,00 0.00 0 O0 I 0 O0 0 O0

I D 50 I 8.50 I 9.38 I 9.96 I 9.81 I 9,52 I 9.38 I 9.52 I 9.38D 8o I 1_.96 I lv.58 I 17.8v I lr.v2 I lv.87 I 17,28 t 1_.99 I 17.58
D 20 I 4.10 I 4.69 I 4.91 I 4.84 I 4.76 I 4.69 I 4.69 I 4.69

!
!
! ,
!
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I
m Figure3,B, The size analysisfor this test was specifiedby the Technical

SupportTeam (TST)basedupon comparingthe efficiencyof Test NumbersI and
m number3, Allmineraland Centerfor AppliedEnergyResea,rchBach had better
I resultsin Test3 th_nTest i, However,Allmineral'ssize analysisforTest3

was finer than Test I and Centerfor Applied EnergyResearchexperienced
operatingproblemswith theirdevice attemptingto maintainthe controlled

m conditionsspecified,All of the otherparticipants,exceptB, DattaResearchwho had no reportedresultsforTestsI thru 3, reportedbetterefficiencyof
separationat the finergrind, The TST specifiedthat test 4 of PhaseII bw

" conductedat thefinersizeanalysis,TheaveragedBO reportedwas 10,72microns
varyingfrom6,72 micronsto 12,22microns, The averagede0 was 19,78microns
varyingfrom ll,49,micronsto 24,44microns, The averaged20 was 4,90microns

-- varyin9 from_28 micronsto 6,42 l,icrons, The averagevaluescomparequite4= accuratelywi Test I, PhaseI siT.eana'lysis__

3,2 WashabilityAnalysis

I Thesampleof PittsburghNo,8 coalwas crushedto twodifferenttopsizesof200
mesh and 325 mesh, Both of thesesampleswere subjectedto specificgravity
washabilityanalysis,The200meshsamplewaspreparedby PraxisEngineeringand
is shownin Table3,5, '[he325mesh samplewas preparedby TradetLaboratories

" and is shownin Table3,6, TileBtu recoveryversusPyriticSulfurRejectionis
.= plottedforbothsizeson Figure3,6, Thisgraphshowsthatthe finer_izegrind

improvesthe pyriticsulfurrejectionat a givenBtu recovery,
_

The flotationresultsfor TestNumber3 PhaseI are plottedalongwiththe 200

i mesh washabilityBtu recoveryversuspyriticsulfurrejectionon Figure3,7,
nPdantl s

Threepartic indicatedfrom theirresultsthat they recoveredmore than
100%of Btu a this is indicatedas pointsabovethewashabilitycurve, These

ii= resultsareclearlyerroneousandaremostlikelytheresultof poorperformance
B of analyticaltestwork. Thethreeotherparticipantsarewellbelowtheresults

predictedby thewashabilitycurve,

I "[heflotationresultsof TestNumbersI and2 of PhaseI and Test4 of Phase£Iare plottedalongwith the 325 mesh washabilityBtu recoveryversuspyritic
' sulfurrejectionin Figure3,B, Allof theparticipantshavelowerresultsthan

I the washabilityplot exceptfor one participantwho appearsto fall on thewashabilityplot,

i All of the Test 4 results,whichshouldbe the best possible,fall belowthewashabilitycurve, Thisindicatesgoodresults,butthatthe performancecould
be improved,

I 3,3 ReleaseAnalysis

The previousdiscussionhascomparedwashabilitydatatotheperformanceof froth

I flotation.Washabilityanalysisis basedon gravitionalseparationprocesses,Unfortunately,for a processsuch as frothflotation,which is basedon the
differencesinth_ surfacepropertiesof thematerialbeingtreated,washability

i analysisdoes not alwaysprovidean appropriatebasisfor comparison, As aresult,the releaseanalysistechniquewas developedby C.C, Dell 'inthe early
1950'sas the counterpartin frothflotationto float/sinkanalysisin gravity

I separation.

799/4311/044/g0IS
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Several forms of releaseanalysis have been developedover the years including
- the'original techniqueoften referredto as timed release,analysis, In 1964,

however,Dell [1] showedthat a simplifiedtechniquewhich he called "an improved
release analysis procedurefor determiningcoal washability"couldbe Used_to
provide the same resultsas the more time consumingand complicated original
procedure. In this procedure, a sampleof coal is floated in a conventional
batch flotationcell using every means possible (i.e., high pulp level, high
aerationrate, extra frother,etc.)to producea high recovery. The concentrate
from the cell is cleaned an additional three or four times under the same
conditionsto remove entrainedclaysand fine mineral matter. This procedure

- results in a separationof the truly non-floatablematerial from the floatable
" material. The floatablematerial is placed back into the cell and a final

separation is made betweenthe highly floatablematerial and the progressively
less floatablematerial. For this final separation,the air is initiallyturned
off and the impeller speed is reduced to the point where froth formationand

= flotationceases. Both are then increasedvery slowly until flotationis just

discernible. This froth is scraped for as long as it keeps appearing. The
, collection basin is then changed and the aeration rate and impellerspeed are

increasedslightlyto collectslightlyless floatablematerial. This procedure
'iscontinued until'all floatablematerial has been recovered. Any remaining

- tailings are combinedwith the original non-floatablematerial as part of the
, overall tailings sample. Each fractionof material is weighed and analyzedto

r- determinecumulativeyield, Btu recovery,ash,sulfur,etc. The data are plotted
- as cumulative Btu recovery versus sulfurrejection. The use of the rejection

term normalizesthe effectof changesin feed sulfurfrom one sampleto the next
- so that all samplescan be compared on the same basis.

- The resultingplot of Btu recoveryversus sulfurrejection representsthe best
J resultthat can possiblybe obtainedby any flotationprocessfor thatparticular

sample and size distribution, lt primarily reflects cleaning down to the

i liberationlimit of the sample, Extensivetest work using various frothersandfrother dosages shows no effect on releasecurve. In addition, tiledosage of
keroseneor fuel oil seems to have littleeffecton the releasecurve. The only

u parameters which are found to change the shape of the release curv_,,,are
liberationas reflectedby the feed size distribution,and reagentswhich change

g the relative flotation rates of the various components in the sample. For
example, a pyrite depressantwhich reducesthe rate of floatationfor pyritic

i particlesmore thanit does for coal particleswill result in an improvedrelease
curve.

N With the above procedurein mind, releaseanalysistests were conductedon thesample of PittsburghNo. 8 coal. The sample had been ground to minus 325 mesh
per the instructionsprovidedto all participants. Since some participantshad
used MIBC and some had used Dowfroth M150 as the frother in their test work,

N separation release analyseswere performedfor each frother type. The resultsverified previous test work that the type of frother and collector do not
influencethe releasecurve. Each of the participantsare shown on the plots of

N Btu recovery versus sulfur rejectionon Figures3.9 thru 3.12.
Figure 3.9 shows the results o_ Round Robin Test Number I for all participants.

i In terms of the Round Robin results,Deister,MTU and CAER appear to fit exactlyJ on the releasecurve, lt should be mentioned,however, that since all recovery
versus rejection curves tend to come together at very high and very low
recoveries,it is difficultto say whetherDeister,MTU and CAER are actuallyon

N the release curve. In any case,the most importantpoint is that nobody did

79.9/4311/044/9016
38

I ,



- TEST NO. 1
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- TEST NO. 2, ,

100 ,.... , ,, , ',-_ ....., ,,_, ......, ,
- , DEISTER,* I

" ,li

>_ 80-
- _ ALL MINERAL* ' I

_ >(D . vP,_su o x0
0 6O-

-_ (:]3
y _ ,

- Z3 40-
-

_ m
,,,,,

- _ 20- E]Releose Curve

Ii,

CAER x
_, ,, 1 t ! 1 I l, ! _ -

w 0 0 20 40 60 80 1O0

- % Sulfur Rejectioni
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- [EST NO, i 5
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TEST NO. 4
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i

better than the release curve, ISGS is below the release curve as one would
- exPect for conventionalflotationsince mineralmatter is entrainedin the water

which is recoveredwith the froth, A similarconclusioncan be drawn for the
-- result of Allmineral. VPI is below the releasecurve becauseof lack of properJ

_ retentiontime.

The results shown in Figures 3.10 for RoundRobin Test Number2 indicate similar
conclusions to those seen for Test 1. In this case, Detster, VPI and CAERare

-- slightlybelow the releasecurve,Allmineraland ISGSare well below the release
curve due to entrainment,and MTU appearsto be better than the release curve.
Since the result by MTU is clearly impossible,it may be that this data was not
collectedat steady-state,or sample analysis error exists.i

- Figure 3.11 shows the resultsfor Test Number 3. lt should be pointed out that
this test was conductedusing a minus 200 mesh sample. Thus, the true release
curve for this sample should actually be to the left of the minus 325 mesh

- rele
goodaSecurve since the liberationofpyrite and other mineralmatter is not asIn this case, CAER, Deister andMTU operatedat the releasecurve. VPI

-- may very well be on or near the release curve for the minus 200 mesh sample,
while '_hepoints for ISGS and Allmineralonce again reflect entrainment

- The best resultsreportedby all participantswere for Test Number4. These data
are shown in Figure3.12. As can be seen, Deister, ISGS, CAER and VPI appearto
fall on the releasecurve withinnormalexperimentalerror. This is as expected
since the wash water in any properlyoperated flotationcolumn shouldeliminate

- entrainment and produce essentially the same results as release analysis.
- Likewise, the multi-stage cleaning process used by ISGS, and Allmineral is

essentiallya duplicationof the release analysis procedure and should also
result in a point on the releasecurve. Deviation from the release curve was
exhibitedby MTU and B. DattaResearchwhich againmay reflectdata which was not

4 collectedat steady-stateor sample analysiserror.

In summary, it appears that all columns tested and the multi-stage cleaning
u techniqueproduce results which are on the same gr._deversus sulfur rejection
i curve. Furthermore,these processes produce results which are at the best

metallurgicalperformancethat can be obtainedas dictated by release analysis.

•ql 3.4 Material BalanceAnalysis

3.4.1 Overview of the MaterialBalance Problem

i In any continuous process,steady-stateis defined as the point when the
overall mass and the mass of each component (i.e., ash, sulfur, etc.)

I entering the process is equal to the overall mass and the mass of eachcomponent leaving the process. Assuming there is no generation or
destructlonof mass in the proce'ss(i.e.,precipitationor leaching),the
mass balance can be written in terms of the feed and product streams

I around a process. For example,the mass balance _'ora flotationprocessis given by:

I F-P-R=O (I)
where F is the mass flow rate of solids in the feed stream,P is the mass

i flow rate of solids in the product stream and R is the mass flow rate of

799/4311/044/9017 _3
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solids in the refuse stream, Similarly, the component balance for a
flotationprocess _s given by:

fF- pP- rR - 0 (2)

- where f is the fractionalassayof a given component(ash,for example)in
-: the feed stream, p is the fractionalassay of a given component in the

product steam and r is the fractionalassay of a given component in the
- refuse stream.

In an ideal situation,Equations] and 2 equal zero and one has what is
-, termed"perfectclosure"of the materialbalance. Unfortunately,the real

world is not ideal, lt is not always possible to get a perfectly
representativesampleof every stream. Furthermore,no analysistechnique
is 100% accurate. Therefore, errors are introduced in sampling and
analysis which make it impossible to have "perfect closure" of the
material balance.. As a result, each set of analysis used in the
calculations (i.e., flows, assays, etc.)will give entirely different
values for yield, recovery,sulfur rejection,etc.

In the late _g60's and early Ig70's, several researcherslooked at the
- materialbalanceproblem,unddevelopedtechniqueswhich used all the data

available,but adjustedthem so that they would be consistentand meet the
materialbalance criteriaestablishedby Equations] and 2. The general
techniqueused is known as constrainedminimization. The basic idea for

- this procedureis as follows, lt is known that EquationsI and 2 must be
-- satisfiedin order to havea truematerialbalance. Furthermore,Equation

2 must be satisfiedfor every component(i.e.,every essay) in the stream.
-_ lt is also known that every assay and flow measurement has a certain

amount of error associatedwith it. Thus, adjustmentsto the values of
the assay and flow measurementsare required to remove the error and

.. satisfy Equations I and 2. However, the amount of adjustmentsmad_lt.o
each of the flow measurementsand assays must be minimized. Therefore,

-- the measuredvalues are adjustedaccordingto how much trust can be placed
., in each of these values until the mass balance equationsare satisfied.

In other words, EquationsI and 2 representthe constraintwhich must be
_- satisfied, while the difference between the measured value and the

I adjustedvalue for each flow and assay must be minimized.

A number of computer programs have been written over the past 20 years

I which are capable of carrying out the material balance calculations. Onesuch program which has been found to be quite versatile is BILMAT which
has been developed and refined by CANMETover the past 20 yea,rs [2]. The

i BILMAT program allows the user to input a description of the process interms of number of streamsand number of nodes, measured values such as
pulp, solids and water flow rates, percent solids, size distributions,
washability data, and assays in each stream or in each size or gravity

I fraction,and the relativeerror associatedwith each measuredvalue. Theprogram then adjusts the measured values to producea consistent set of
flows and assays. The amountof adjustmentfor each value is based on the

I relative error. If the user assignsa large relative error to a value,tileprogram assumes that it is free to adjust this value as it is

necessaryto provide a mass balance. If the user assignsa small relative
error to a vatue,the programassutnesthat this valuemust stay relatively

I constant and other values must adjusted to close balance.
be the
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Therefore,the insightof the user in determiningthe relativeerror
- values,knownas the errormodel, is critica'1to the outcomeof the
- materialbalance,

3,4,2ErrorModel

- In orderto comparethe data from all participantson a fair and equal
basis,a consistenterrormodelwas developedwhichwas usedin allmass
balance calculations, The error model was based on the following

- assumptions.

- 3,4,2,1 FeedAssays(ash,sulfur,pyriticsulfur nd Btu)

lt_has been determinedthat feed samplestakenduring an
experimentalrun can vary greatlydependingon the sample
locationandthe feedsumpdesign. Forexample,pyritetends

- to settleout at.the bottomor cornersof the feed sump.
Thus, there is great room for bias in the feed sample
collectedduringan experiment,Therefore,in orderto be
fair to each participant,it was decidedto use the assays
reportedby B&W as the feed assays for the mass balance

- calculations,lt was assumedthat the valueswere accurate
__ and a smallrelativeerror (5%) was enteredin the BILMAT

programfor eachof theseassays.

3,4.2.2 Ash Assays

- At leastone assayin each streamhad to be trustedin order
- to completethe mass balance. Sinceash is a very routine

analysisprocedurein most coal labs,it was feltthat this
valuecould be trustedwith a small relativeerror (5%).

" Thus, the relativeflow rates of solidsreportedfor each
streamwere primarilybasedon the materialbalanceon ash.

g 3.4.2,3 TotalSulfurAssays

g T_talsulfuris a very quickand routineanalysiswhich is
usuallyrepeatedenoughtimesto providean accurateassay.

" Unfortunately,the totalsulfurvaluesin the refusestream
fornearlyallparticipantswere in a rangethatisusuallyat

I the limitof most sulfuranalyzers.Thus,it was feltthatonly the product total sulfur value reported by each
participantcouldbe trustedwith relativeerrorof 5%. The

m totalsulfurassayforthe refusestreamwas usedin themass• balancecalculation,but it was given a relativeerror of
999.999%,Thisnumberis usedin BILMATto indicatean assay

m whichis notveryreliable.Thus,BILMAThadtotalfreedomtoadjustthis value to close the materialbalanceon tota'l
sulfur.

m 3.4.2.4 PyriticSulfurAssays

Exceptfor the feed analysisalreadydiscussed,none of the

i pyriticsulfurassayswere assumedto be accurate. Thisresultsfrom severalproblemsincludingthe sedimentationof
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pyr!te in sumps and flotation cells, as well as poor
ana=ytical procedures, Whencomparlngpyrite results fromall

_ theparticipants,thereappearsto be considerablevariation
In most casesthis is the resultof analyticalprocedures,

/ Pyritedeterminationis a wet chemistryproblemthat is very

operatordependentto producecorrectanswers,Thisvariation
- in thepyritic_ulfu_assayis particularlyunfortunatesince

pyriticsulfurrejectionis beingusedin theRoundRobintest
program to evaluate the performanceof Bach of the

- participants'processes, As a resultof this_finding,a
relativoerror of 999,999%was assumedfor the measured
pyriticsulfurassaysin the productand refusestreams,

- 3,4.2.5 All ReportedFlows (usuallyfeed and wash water) and the
PercentSolidsin the Feed,

- As mentioned previously,the material balance on the
componentsdeterminesthe relativesolidsflow ratesin each
stream(i,e.,yield), Thebalanceon thetotalpulp andwater

- flowsdeterminesthewatersplit,whichdeterminesthe total
pulpflowratein eachstream,whichdeterminesthe residence
time,

The reportedfeed pulp flow rate the reportedfeed percent
solids,and an assumeds,g.of I.'4of the solidswas usedto
calculatethe gramsper minuteof solidsin the feed andthe
ml/minof waterin the feed_

- In usingthe BILMATprogramto conductthe flow balance,it
_ was assumedthatthe reportedfeedpulpflowrateand percent

solidswere accurateto 5% relativeerror, lt was also
= assumedthat the same accuracyfor the reportedwash water

flowratecouldbe used. Theseweretheonlyflowsprovidedby
all of the participants, The remaining flows were calculated

III by the BILMATprogramusingthe percentsolidsvaluesin the
tailingsand concentratestreams. Bothof thesevalueswere

given the maximumrelative error so that the BILMATprogram
could adjust them as necessary, The solids flow split was

" determinedfromtheyieldwhichwas determinedfromtheassay
balance (basedprimarilyon ash, but partiallyon total

I sulfur), Thus, the BILMAT program used the assays todeterminethe yield. Knowingthe yieldand themass flowof
feed, the mass flow in all other streamswas determined,

l Knowingthemassflowof feedandpercentsolids,thewaterinthe feedstreamwasdetermined.Knowingthewaterin thefeed
streamand the wash wateradditionrate,the adjustmentsto
the percentsolidsin the productand refusestreamswere

I minimizedin orderto the balance waterand thecomplete on

b_.lanceon pulp.

I 3,4.2.6 BtuAssays
Btu cannotbe balancedby the BILMATprogram,becauseBtu is

I a function of the ash and moisture ash free (MAF) Btu of agiven product. For this reason the results of part!cipants
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assaywereutlllzedas theassayedBtuforTestNumbersI thru
3 of PhaseI, The resultsare subjectto calibratlonerrors
etd, for each individualparticipant.This f_ct is _)bvlous
when examiningthe datawhichindicatesdifferentBtu values
for a givenash value, In someca,eesa higherBtu valueis
r_portedfor a higherash value,

- ai
Test Number4 of PhaseII is the test used to determinethe
dfflciencyof the processandthe economicsof the testwork,

- F,or thisreasonallof the Btu valuesfor the feed and clean

coalproductwereadjusted l_h_,adjustmentwasdeterminedbythe ash contentand the mo,o=,reash free Btu value on a
_ linearbasis, Thismadethe ralationshipbetweenBtu andash

holdconstantfor all participants.

3,5 Results
=

_ The resultsforTestNumbersI thru3 of PhaseI are showninTables3,7and3,8,
Table3,7 tabulatesthe technicalperformancerestllts,The Tableincludesthe
valuesgeneratedby_theBILMATprogramand directlyundertheseare the results
reportedby the participant,Table3,8 containsthe processvariablesusedby
each participant,.'Inthe case of these threetests, feed percent solids,
particlesize,reten,tiontime,pH of feed slurry,and amountsof collectorand

frotherwereheld c_pstant

B. DattaResearchahd CenterforAppliedEnergyResearchexperiencedoperat!ng
- problemswiththe parameterssetas describedabove, B, DattaResearch,durlng

observationof testwork by ICFKE, producedno frothundertheseconditions,
- Irlfactfor someunexplainedreasonthe coal,whichwas fromthe samebatchas
_ the otherparticipants,wouldnotrespondto flotationunderthe set conditions

even in a lab cell, The Centerfor AppliedEnergyResearchexperiencedpoor
resultsdueto the factthatbubbles=werebeingflushedouttailingstream.The
reasontheyexperiencedthisproblemappearsto be due to theircolumngeometry,
At I Ib/tonof DowfrothM150,the actualconcentrationin theircell was very

_ high. Thisresultedinthe productionof veryfinebubbleswhichcouldnotrise
againstthe downwardflowof slurryin the co'lumn.

There were two purposesfor the Phase I Tests. The first purposewas to
- determineif oxidationoccurredduringgrindingand shippingof theB&Wprepared

sample. This samplewas usedfor 'TestI of PhaseI. The participantprepared
,= the samplefor Test.2 of PhaseI from I/4 inch by zero coal ground'tothe
I requiredsize distr,ibutionby the participant. The secondpurposewas to

determineif grinds,izeinfluencedtheefficiencyof separatingpyritefromthe
m coal. The participantpreparedthe samplefor Test3 of PhaseI to a particle
m sizeof minus200 r_bsh.

An indicationof o!xidationoccurringin a sampleis the reductionof weight

m recoveryat the same operatingconditions.Allmineralshowedan increaseof
recoveryfrom63.60%to 72.20%with the efficiencyindexincreasingfrom 15.43
to 43.91. Deistershowedvirtuallyno changeof recovery(85.6%to 85.50%)with

I the efficiencyindexdecreasingfrom67.17to 53.56. IllinoisStateGeologicalSurveyshoweda decreasein recoveryfrom 80.70%to 54 10% with accompanying
decreasein the efficiencyindexfrom 45.5to 33.80. MichiganTech showedan

I increasedin recoveryfrom83.30%to 88.60withthe efficiencyindex'increasingfrom69,41to 79.42. VirginiaPolytechnicInstituteshoweda slightdecreasein
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. recoveryfrom 58.40% to 55.10%with the efficiencyindex decreasing from 53.47
to 51.49.

Based on the above resultsit is concludedthat there may have been oxidationof
the B&W preparedsample. Thisoxidationmay have occurredon the pyriteparticle
which shows up in the efficiencyindex. In all cases,except for ISGS,there is
increasedweight recoveryof the freshlygroundcoal. Therefore,it is concluded
that advanced flotation should occur immediatelyafter grinding to minimize

oxidationproblems, lt should be noted that as long as two weeks cou!d have
- elapsedbetween the time B&W prepared the sample for Test I and the tlme the

participantactuallyperformedthe test.

- The information for Test Numbers I thru 3 of Phase I were forwarded to the
TechnicalSupportTeam (TST)composed of representativeof ConsolidationCoal,
VirginiaPolytechnicInstitute,Babcockand Wilcox and ICFKaiser Engineers. The
TST was to comparethe resultsof Test 2 with Test 3. Test 2 involved grinding
the coal to minus 325 mesh and Test 3 involvedgrinding the coal to minus 200

_ mesh. The TST concluded that Test Number 2 had improved the pyritic sulfur
rejectionand thereforethe fine grind should be utilized in Test Number 4 of
Phase II.

- The results of Tests I thru 3 shown on Table 3.7 for all of the participants
= shows that the pyritic sulfurof the productfor Test 2 is always lower than in

Test 3. This is a result of a finer grind liberatingfree pyritic sulfur that
: is then rejected in the advancedflotationdevice being tested.

- The performanceresults for Test 4 of Phase IIare shcwn on Table3.9. The
_ processvariablesfor this test are shown in Table 3.10. As previouslystated

this test was open for the participantto utilizeany means at his discretionto
- maximize Btu recovery and maximizepyritic sulfur rejection. By examiningthe

data on Table 3.9 all of the participantsexcept VPI opted to maximize Btu
- recovery and accept the pyritic sulfur rejection that occurred at that Btu
_ recovery. VPI decided to maximize pyritic sulfur rejection resulting in the

lowest Btu recovery.
.m_ , ,

The major differencethat can be concludedby examiningthe data found in Table
3.10 is the differencein retentiontime when comparedto the firstthree tests.
The participantswho improved their performance in Test 4 did so by mostly

- increasing the retention time required to float the coal. This increased
- retention time allowed for additional recovery which moved the participants
mm higher up the grade-recoverycurve. ISGS and Allmineralimprovedtheir results
mm by cleaningand recleaningthe rougherflotationproduct. The reagentsused for

Test 4 were similarto the first three tests. The only sulfur depressantsused

m were by Allmineralwh'oused a Germanchemicalnamed Vanispers and VPI whoraisedthe pH of the feed slurry to 9.20.

m Test 4 of Phase II i.sthe base conditionfor the performanceevaluationutilizedin the economic evaluation. All of the participants fall short of the
washability analysis as shown in Figure 3.8. As previously stated a better
method to evaluateflotationpp.rformanceis the releaseanalysis. As can be seen

m in Figure3.12, Deister, ISGS,CAER, and VPI appearto fall on the releasecurvewithin normal experimentalerror. This is to be expectedwith column flotation
devicesutilizingwash water. Likewise ISGSand Allmineralby using multi-stage

mm cleaningprocessshouldresultin a point on the releasecurve. Two participants
m MichiganTech and B. Datta Researchplot to the upper right of the re]easecllrve.

z
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This is not possible. The conclusionsis that the sampleswere not collectedat
steady state conditions or sample analysis error. This would result in an error
of results.

I

I
I
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z 4.0 ECONOMICS

The economicstudy of the resultsfrom Phase II involvedcontactingeach participant
and requesting,based on "[est4 parameters,their best estimateof the capitalcostof
a nominal20 tph advanced froth flotationcircuit using the circuit configurationof
that test. This estimatewas to assumethat the feedmaterialwouldbe preparedto 10%
solids by weight and be ground to minus 325 mesh top size. No downstream dewatering
was tobe includedin thecircuit. The participantwas tosupp!y all of the utilities
and the rates'requiredfor their flotationdevice.

_

The economic evaluation is to be based upon annual S/ton of SO2 removed and S/ton of
- clean coal. In order for this comparisonto be fair to all participants a seriesof

calculationswere made so that each participantproducedthe same annual Btu to match
the demandsof a 25 MW electricalpower generationstation.

The electricalpower generationstationwas assumed to have a net heat rate of 9493
Btu/KWhr. Net heat rate is plant boundary fuel input to busbar electricity, lt was
further assumed that the plant availabilityfactor would be 75%. The availability
factor is the fraction of the year the power generation station is "available"to
produce power at some useful output level excluding plannedor_u_lanned shutdowns.
Based upon these assumptionsthe power plant requires 1.5592x 10":Btu per year.

The advancedfroth flotationcoal preparationplantmust producethe equivalentamount
of Btu as required bythe power generation station. The coal preparation plant
operates for 16 hours per day, 230 days per year and has a 90% availabilityfactoror

operates 3312 h°UrSrPer4year. _he coal preparationplant must produce 1,5592 x I0Iz- Btu in 3312 hours o .7078 x 10° Btu per hour.
=

-_ Based upon each of the participantscalculatedBtu values from Test #4 and the weight
__ recovery from Test #4, each participant'shourly clean coal and raw coal feed was
- calculated. ICF KE acknowledgesthat the "as received"Btu will be lower than the
- "moisturefree" Btu, however, if all participantsare assumedto have the same final

moisturethen the relativedifferenceswill be in the sameratio as the "moisturefree"
"= Btu. Therefore "moisture free" Btu was used to calculate the clean coal and raw coal

tons per hour.

-= The calculated values of clean coal and raw coal tons per hour for each participant to
produce 4.7078 x 108 Btu per hour are shown on Table 4.1.

Table 4. I

I RequiredClean Coal and Raw Coal
for EconomicalEvaluation

I Test #4 Test #4 Clean Coal Raw Coal
Partici_n__. Bt___u/# yield TPH _PH _

,II ALMN 13268 89.5 17.74 19.82
mB CAER 13788 87.5 17.07 19.51

DCCI 13614 85,6 17.29 20.20

I ISGS 13809 85.4 17.05 19.96MTU 14236 83.7 16.53 19.75
VPI 14088 70.0 16.71 23.87

!
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ICF KE, in the interest of fairness to all of the participants,contacted known
- suppliersof froth flotationreagents,and known suppliersfor equipmentutilized in

commonby all of the participants,such as reagentfeeders,air compressors,and feed
pumps. The above informationwas utilized in all of the participants'calculated
capital cost. See Table 4.2 Common Equipmentand ReagentCosts.

The participant'scapitalcost for the flotationdevicewas incorporatedwith the cost
_ of the other equipmentand multipliedby 3 to determinethe total installedcost of the

flotation plant. J3]

The operating and maintenance cost estimates were based upon the Participant's
flowsheet, the equipment list, the capital cost estimate and calculated values based
upon known and/or estimated costs for expendables, power, and manpower. The assumed
criteria wasthat the plant Operates at 90% availability. Based upon two shifts per

-- day, eight hours per shift and 230operating days per year, the total annual operating
hours, total annual raw coal and clean coaltonnages were calculated.

_ Values from literature,estimates,or materialsupplierswere establishedas costs per
- unit for all operatingexpendables. The hourlyand supervisorymanpowerfor operation

was establishedon an annual basis. The expendablesfor power, flotationreagents,
water, and manpower costs were then estimated. Reagent dosages were based on
participant'sTest #4 results.

The maintenance material costs were estimated as 10% of the equipment costs. The
_ maintenance manpower was established on an annual basis. From the above values,

maintenancematerialsand manpowercosts were estimated.

The total operatingand maintenancecosts are expressedas total annualcost, dollars
per ton of rawcoal and dollars per ton of clean coal.

. The tota'lcapitalcost and the operatingcosts per ton of raw coal were used asinput
-.- to an economlcmodel. This model takes into consideration the plant life, three months

of working capital, 100% debt financing, 11% annual debt interest rate, debt loan
period, an income tax rate and tax depreciation period.

Coal cleaning results in some loss of BTUthat were retained in the raw coal. For this
reason ICF KE penalized each participant for the extra raw coal needed to provide the
BTUrequired to fire the 25 MWpower plant. This was accomplished by first calculating

- the raw coal tons required to fire the boiler based upon Test #4 feed BTU. Second the
raw coal that was required to fire the boiler based upon Test #4 clean coal weight

I yield and clean coal BTU values was calculated. The difference of these two numberswas multiplied by $20.00 per ton and added as an additional cost of cleaning the coal.

I
I
I
!
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Table 4.2

Common Equipmentand Reagent Costs

__ Reagent Costs

ReagentName S/Pound*

MIBC 0.61 PB&S Chemical
Pine Oil 0.63 Hercules Chemical
M150 0.85 Betz Chemical
No. 2 Fuel Oil 0.088 Orris Fuel Company
Kerosene 0.106 Orris Fuel Company

* Based on 3,000 gallon bulk shipments.

Equipment

a_!_ Cost - S/HP Source

Feed Pump 13,200/40 Gould (Goyne)+
Air Compressor - Airtech, Inc.++
150-300cfm @ 40 psi 48,530/40

- 500 cfm @ 50 psi 69,890/50
1,000 cfm @ 50 psi 89,730/150

ReagentPumps - Pulsa Feeder+++
Collector 2,476/0.17
Frother 2,462/0.17

+ Hi chrome constructionall wetted parts, variable speed drive, motor, guards and OH
mount.

i ++ Joy reciprocating,oil free with motor, drive and regenerativedrying.

+++ 316 SS constructionwith 4-20 ma controls,back pressure valves,motor and drive.

t

I

i
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- The output of this model is a first year estimate of'dollars per clean coal ton,
dollarsper million BTU, annualdollars per year and annualdollars per ton of sulfur
dioxideremoved.

The economicanalysismaintainsall of the common equipmentprices and manpowerprices
- constant for each participant,thereforeany variationin capital and operatingand
_ maintenance is based upon the participant'scapital estimate and utilitiesfor the

scaled up versionof their laboratorydevice.

: The test work for Test #4 was performed on coal ground to pass 44 micron, Furthermore,
all participants are operating column type flotation devices, except ISGS who used
conventional flotation. Several papers have been recently published that state the
scale up and performance of a column flotation device is limited by the rate of
concentrateremoval. There is a maximumrate at which solids can be removed related
to individualbubble loadingand the bubble surfacearea rate_, Another name for this
is "carryingcapacity"and is expressedas mass of solidsto overflowper unit tim_ per
unit of column cross sectionalarea [4]. This value calculatesto be 0.092 tph/ft_ for
Test #4 conditions.

The carrying capacity is the product of the DBO particle size in microns and the
specificgravityof the particle. A graph shown in Figure 4.1 indicatesthe tons per
hourper squarefoot carryingcapacityrequiredto sizethe column flotation. In order
for all participants to meet the carrying capacity criteria it is necessary for

_ Allmineral, Center for Applied Energy Research, Deister and VPI to provide four of
their respective column flotation cells. Michigan Tech requires two of their column

_ flotation cells. ISGS, because it is conventionalflotation exceeds the carrying
capacitycriteria as proposed.

The Technical SupportTeam examinedthe reagent dosages used by the participantsin
Test #4. The TST determinedthat the collectorcould be scaled up based upon pounds

- per ton of solids in the feed. However,the frothershould be scaled up based upon
concentration in the cell. In order to scale up the frother addition, the
concentrationof the frotherwas calculatedfor each participant'sTest #4 results.

_ The same concentrationwas used to calculate the pounds per ton of frother at the
required feed rate correctedfor the required number of columns to meet the carrying
capacity criteria discussed previously. The results of the frother concentration
calculationsare shown in Table 4,3, The calculatedfrotherconcentrationwas used to

- back-calculatethe requiredpoundsper ton of frotherused in the economicmodel. The
concentrationwas not calculatedfor Allmineraldue to insufficientTest #4 data and
ISGS due to the system being conventionalflotation. The frother rate used for both

- of these participantsare was same as reportedby each for the required tph scale up.

B. Datta Researchwas not includedin the economicevaluationbecause the machine has
' not yet been patented and any disclosureof the equipmentmay have an adverseimpact,

" on the patent application. Becauseof this the participantdid not provideeconomic
informationfor his device thus preventing'developingthe economic model

The detailed operating and maintenance costs and economic model are contained in
Appendix "I". Table 4.4 EconomicParametersshows the major numbersgeneratf_din the

I economicevaluation,with and withoutadditionalraw coal added to the final costs.Theresultsare based upon Test #4 resultswith the propermaterial balancesby the BILMAT
program. The costs per ton of clean coal on a first year basis for the requiredtph

i circuit range from $16.71 to $21.29 without additional raw coal added. This dollarfigure is a result of all costs divided by the annual clean coal produced,
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The annual dollars per ton of sulfur dioxide removed range from $237,00 to $677,00
without additionalraw coal added.

The costs per ton of clean coal on a first year basis for the required tph circuit
includingadditional raw coal requiredrange from $17,23 to $25,50. Likewise,the
annualdollarsper ton of sulfurdioxideremovedincludingadditionalraw coal required

- range from $305.00 to $707,00,
-

!
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Figure 4.1
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I
I B,O CONCLUSIONS

The overall objective of the round robin was to select the most efficient, as

i determinedby the efficiency index, cost effective,as determinedby the annual costper ton of SO2 removed, advanced flotationdevice available. This machine was to
process ultra fine coal, maximizeBtu recoveryand maximizepyritic_ulfur rejection,

I The device will first be installedas a one hundred pound per hour capacity unit and,
subjectto the outcomeof Task 6 of the EngineeringDevelopmentContract,increasedto
a 3 ton per hour capacity unit for installationinto a proof-of-conceptpreparation

I plant.

lt is very difficult to select one winner from all the participants. Any advanced
technologybeing tested can and will at a given time producevalues better and worse
than have been reported in this text, Therefore,a means was determined to select a
device based upon the resultsof this roLindrobin report,

I All of the technicaland economicresultswere submittedto the TST for consideration.
The TST membersevaluatedthe data and determinedto rank Bach of the participants50%
on technical merit and 60% on economic merit. The technical merit wa_ to be the

i efficiency index, The economicalmerit was to be the annual dollars per ton of cleancoal correctedfor carryingcapacityand frotherconcentrationand the resultsof Test
#4, This factor does not penalize a particular technology for not meeting a 90%
pyritic sulfur rejection and therefore leaves something to be desired as _ only

I economic basis for decision.

For the above reason ICF KE determined a second economic evaluation criteria wasrequired that considered the S/ten of sulfur dioxide removed, This value was
calculated and also presented.

I The technicaland economic factorswere calculated and added together for the finalevaluationranking. The technicalfactorwas calculatedby multiplyingthe efficiency
index for each participant by 0.5. The two economic factors were calculated by

I dividing 1,000by the S/ten of clean coal and multiplyingby 0.5 and by dividing 10,000by the S/ten of sulfur dioxide removedand multiply by 0.5. The 1,000 and 10,000 are
numbers selectedsuch that when dividedby their economicfactors,respectivenumbers
resulted in a two digit number. The results of these calculationsare shown in

I Table 5, I

ICF KL recommends that both economic factors be utilized to select an advanced

I flotationdevice to be tested at the 100#/hrfeed rate. Therefore, ICF KE recommendstestingMichigan Tech and Center for Applied Energy Research.

I The reasons for testingboth of these units are based on the Round Robin Test Results.MichiganTech reported values that were better than the releaseanalysis curve. The

opinion is that results better than the release curve are .notpossible. Thereforelarger scaletestingis recommendedto verifythis technology Additionally,a problem

I was discoveredwith the Center for AppliedEnergy Researchscale-upresults involvingthe amount of air volume required, In order to deteY'minewhether or not this is
incorrect,larger scale testing is recommended,

I ICF KE gave an opportunityfor each of the participantsto review a draft copy of this
topical report. Included in the draft copy was a ranking system that was not

i acceptable to the replying participants. Therefore, the TST reevaluated the rankingsystem and replaced the draft system with the ranking system included in this report,
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n A copyof the lettermailedto Bachof theparticipantsrequestingtheircommentsand
the commentsof thethreeparticipantswho repliedareincludedin AppendixII, These

n commentsweretakeninto considerationforthis report,ThosecommentsacceptabletotheTST were included- suchas the rankingsystem, Thesecommentsnot acceptableto
the TST werenot included- suchas commentsconcerningcarryingcapacity,
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I 6.0 DISCLAIMER

Referencein this paper to any specificcommercialproduct,process, or serviceis to

I facilitateunderstandingand.doesnot necessarilyimply its endorsementor favoringbythe United StatesDepartmentof Energy,ICF KaiserEngineers,Inc., ConsolidationCoal
Company,Babcockand Wilcox, and VirginiaPolytechnicInstituteand State University.
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evaluationof the state-of-the'artin advanced froth flotationdevices

I
!
I
I

I
!
I
i ,

I
I
I
m

I
799/4311/044/9034



I

I __EFERENCES

I I. C.C. Dell, "An ImprovedReleaseAnalysisProcedurefor DeterminatingCoalWashability",Journal of the Instit.uteof Fu..e!,Vol. 37, pp. 149-150,1964.

I 2. K.J. Reid, K. Ao Smith, V.R. Voller and M. Cross, "A Survey of Material BalanceComputer Packages in the Mineral Processing Industry", 17th APCOM SvmDosiuI!l,T.B.
Johnson, R.J. Barnes,editors,AIME, pp. 41-62.

I 3. Hoffman-Muontner Corporation, 1978, EPA Report No. EPA-600/7-78-124, "AnEngineering/EconomicAnalysis of Coal PreparationPlant Operationand Cost".

I 4. Espinosa-Gomez,R., Finch, J.A., Yianatos, J.G. and Dobby, G.S., "TechnicalNote:Flotation Column Carrying Capacity: Particle Size and Density Effects", Minerals
Engineering,Vol.I, No. I, pp 77-79, 1988.

I
I
I
|

I

I
I
I
I
m

I
79914311104419035



1
I APPENDix !

!

!

!

I i
r

!

I

!
!

!

!

!

!
l
|

I 799/4311/044/9033



!

ALL MINERAL,

!
I
!
!
!

!
!
!
!
!
!

|
g

n 799/43jJ/051/9044



I '

d

0
M

0

i ,b,

i ,
j , ,,, t _

S .... N

_'- Z

,j -
' _;; °

b-

l 8ii
u,i

U _8
4

8
I 0 0 0 0 0 0 0 0 0 0 0 ,_

I

0 _ _ b, _ _ _ !_ _

I
ONISSVd ,_'lM

l:
U

I



I ,,,

Ii , _,_,............ _,_
i

5

0
, ,I ,,, 7/.'

I /"

! - j
oE

| _-_
L,,, .. ,,, | ,, t. "_

,-- I

W_, N

I '" 8_N I ., .....

I '

, ,

! 8
_ .......... 4

I o o o .o o o o o o o o0 _ 03 b',' _ it) _ I"0 Oi

!
_DN ISSVc::l N"..LM

I
li

'i 'k _



!
!

(:3
O_

m ............ c_

/-il °
.............. / 0!, _,

ii / .
// o

//
II /_ ot--- ................. CO

0

- / t23

o oE

"" I, I _ ta.l

I ,., o _
F-- 7 ... ,_:

H

! - (21
0

,, k_

.... _1

!
(21

, I_

o o o o o o o o o. o o eq
0 O'J (:0 I"- (.0 _ _ PO eq "-"
,r--

!
I ©NISSVd 24"ZM

!



I

!

0

/ °
, ,, i1 " , '" '--', 4

II ..... /F
! / o
i z -- ....

- /0

oE

>-

- L_L_I_ w

m o
N o

(21

| _.......... ,....... ,,, _
- ]

!
0
0

. 0 0 0 0 0 0 0 0 0 0 0

!
©NIEEVd N ".L/Y_

I
!



|
!
I
I
i
I
I



I

I
I



P JP

I

I
I
I



!
I
I
I
I
I

i

!
I
'iii

J

I

!
I



I
I
I
I
I
I
I
I
=

,,Will

.I

I t

m

I
r



I
_m

I
I
I

I

i

I

i I
!



I
i

i
ii
I
i
qm

are

I

I
! -=

I
-I



I
I

I ,,

,dam

tid
i

o

i _i __ _I!i_ _ _ __

I i _ _" _ ,_, _ _
!
!



r

1
i r

!

B. DATTARESEARCH

I
I
!

1
I
1

I
j 799/43JJ/051/9042



I
I °i , _ ,................. *il'm

0

I , J q_ln

,, / 0

i II .... I1_

GI

__ cn _ 09
Z

_ o,, ,,, i II I_

- oo_ _ _ ,°

m A

1 ,i g1 i1, _
I " 8

i , .... ,, t ,i ...... _
i LI]

8
1

1 l i, -i_8
I

0 0 0 0 0 0 0 0 0 0 0

!
_DN ISSVcl ?&'.LAA

_Imlt

1

I



I
II

O
/

I
, O

II /'_I
/ °t-- .... L.D

Z .......... _

- /' Z

rl.., r'_
-- / CD O

/

ii---" m .............. l ........ ""

I CS)__ .// _ iIii cn w

iii O
...... CD

(N .

II ,/ ', O
..... C_

<i

II I oCD
..I (_

I o c_ c_ c_ c_ c_ c_ o o o o
00

= (::3 _'J 00 I_¸ _4D _ _ I_ (',4
i

i

I
ONISSVd _"/M

I
II



_13k, ,,, ,

I
I
I

/

, ,:,P,_I_I:RFORAPPLIEDENERGYRESEARCH

I
q

I

|
!

ii

!
,I
!

!

'1
i

I

I 799/43JJ/05 I/9046



I
,r'-'

................... ...... 4

0

0

I ........................... " I,_

0

/ ,
l ./ -d ,, ,,,

_ __ ................._i _ _ o._- 0") _

- (.,r) p.. I o
W _j "_''d'_' .... '"' ' "' " --_ -- li_ ___N.I ..___

Ld f 0") cI

I ............. 8
U3
t'-

m

t

g
................ i _

i 0 0 0 0 0 0 0 0 0 0 0

i
1 C,NISSVd N'.LM
m



I

I ,,,., ., , J , i I , , ,J _t_ _. . , "' _ ...... T"

!
| ...... g

III "

o o /

_i_ ....... /" 8, ---°, ,.,.. - '_

,-- I

I __ ._./ , ...... 8

I / 8

! 8
-! 0 0 0 0 0 0 0 0 0 0 0

0 cn _ I_ _ u_ _ _ cN

I
E)NISSVd _'.LM

I
m "

|



I
b

0

_ , / 0

/--- 0

q--.

- 0
........ (_

/_ (2?

_ -- _.

- _ , / _-

Z _

..................---_+c / _ oo

- LJ _

i ___ ....... q _
2: ' / "-

N

I - //
i

0
0

..... ii I I .........

......... -- Lr)

C-4

!
o

- (2)

! °C3 _ O O O O O O C3 O O
C3 _'_ 00 r". qD _r3 ,,_", t'O 0"4

| ,

i ©NISSVd _4 "..L/_

!





4



iii _ _ _ J _

"lllll





_j







4m

2





DE]STERCONCENTRATORCOMPANY,INC.

- 799/43JJ/051/9041



E)NISSVd _'.LM
--2_











q

= ,





! iilli



m



, ILLINOIS STATEGEOLOGICAL,SURVEY

m

m

F

J

- 799/43JJ/051/9045



©NI$SVd _'IM



I
i

I ....... ,

ii ii iii

-- h!,l,

I I,
,AI

/

- _ '...... / "" _

- /Q,_ ,,

_ 0 ___ m

/ ' 8
Ct) _ ,- I

= M

t--- < -

- /_ 8
i

_

= 8
_ .... _

0 0 0 0 0 0 0 0 0 O 0
0 O_ aO I",, _ Lr) _I" tO _ ,'-
,Ii,

E)N IS SV_I _ "IM



© NI_SVd _'IM



i

|
I

© NISS'_'d ,%".LM



m

I







i

-,l,







b

r_

rm





I

NICHIGAN TECHNOLOGICALUNIVERSITY
I .

!

799/43 JJ/ub l / _u_



u_
z ........

d

,,, , -

0

/ ,,,,,,, .....

.+J

t-- _ /11 _ I
CD _ ,...t h.LM _/ _' 0d w

.Ld

g
,, , ,, ,, 4

h,

g

_ g
4

8
..... g

0 0 0 0 0 0 0 0 0 0 0 ©

_

© N IS SVd _ "lM

=



- g.
I 0 0 0 0 0 0 0 0 0 0 0

z



mm



i

ONISSVd %,lM





i







t b _



_m



J

- !





VIRGINIA POLYTECHNIC INSTITUTE & 'STATE UNIVERSITY

m

=

L

J

m

r,

m

i

i

_ 7g9/43JJ/05I/9047



II
' ....... d

0

O1

h.
4

, , , J, ,, ,,,,

d

rn
_m j 09

, rr' >4

cn ._
F- - _j.__ ®
Ld J ...... _ H

i

- 8

8

8

q

8
4

0 0 0 0 0 0 0 0 0 0 0
' 0 O_ tID I_ _ I.O _ I_ CN _-

ONISSVd _4".LM



E

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

/
_ _ /0

0 _
rY >

/ °
/ "-

•-" I

L.d_ N

Ld
- _N 8

/ g

- // ' ,.... ¢

0 0 0 0 0 0 0 0 0 0 0

2



0

',' , ..........

0

E)NISSVd _g'l/_



o,.,_

- _ _ _

1 '



4 • "



i













APPI_NDIXII

p

i

m

- 799/4311/044/9031



_ ICF KAISER
EIV_IINEER 5

ICF KAIIIEFI ENGtlN£ERB, INC,
-- FOUR GATEWAY CENTER. l_'rH FLOOR

PITTIIIIURGH, PENNSYLVANIA 115_t2;!
412/_8t,8121

January 17, 1990

Reference: ICF Kaiser Engineers' Number88107-150
RoundRobin Test #4
Capitaland OperatingCost Evaluation

Dear Sir:

The TechnicalAdvisoryCommittee(1'AC)has requestedICF Kaiser Engineers
(ICFKE) to preparecapitalcostsand operatingcosts for each participants
flotatlonscheme.

In order to preparean accurateestimateof capitalcosts and addresssome
concernsof the participants,ICFKE requeststhateach participantpreparea
flowsheetfor theirpart,cularTest#4 scheme.The flowsheetis to be basedon
processing20 tons per hour of precleanedcoal. The precleanedcoal will be
groundto minus325 mesh anddilutedto 10 percentsolidsby weight.

Vourflowsheetis to be basedon tileaboveandyourparametersforyourTest#4,.
The flowsheetshouldindicatemassand waterbalancefor the flotationprocess
only, i.e. no dewateringequipmentis to be included. The flowsheetis to
furtherindicateall outsideutilitiesrequiredforyourprocessi.e.compressed
air cfm,wash watergpm, reagentdosagesetc.

Yourcapitalcost forflowsheetisto includeallmajorequipmenti.e,flotation
machine(s),air compressor,slurrypumps,etc.

ICF KE requiresthatyou supplythe capitalcost of your flotationdeviceand
an itemizedlistand cost of all additionalequipmentrequiredto operateyour
flotationcircuit, If you requireinstrumentationto properlyoperateyour

: flotationdevice,includea listingof thisinstrumentationandthe costs. (Do
not includecontrolpanels,computers,PLC,etc.)

The operatingcosts for your flowschemewill be preparedbasedon, but not
limitedto, powerconsumption,reagentcostsand watercosts,



ICF I(AISER
ENGINEERS

Page 2

The participant is further requested to supply the overall dimensions of the
20TPH flotationdevice on a drawing of the device suitable for includinginto
the final report of the round robin results.

If you have any questions and/or comments,please contact the writer at your
- convenience. ICF KE requests that you return this informationno later than

January 31, lggo. Thank you for your cooperationin this matter.

Very truly yours,

_" ICF KAISER ENGINEERS,INC.

•.. I _"V_', ".

Dave D. Ferris
- Project TechnicalDirector

DDF/bam

_

-_ 427/?B12/017/90

m
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ICF ICA/.._ER
EIVGINEER-_

ICF KAISER ENGINEERS. INC
FOUR GATEWAY CENTER, 12"fHFLOOR
PITTSBURGH, PENNSYLVANIA 15222
412/281.8121

88107-150

April 6, 1990

Reference: Topical Report #2 - RoundRobin Test Results for
DOEContract Number DE-AC22-88PC88881
ICF Kaiser Engineers Number 88107-150

Dear

_ Please find enclosed a draft copy of the Round Robin Test Results for Advanced
: Flotationfor your information. This reportwill be presentedand discussedat

a meeting of the TechnicalAdvisory Committeeon April 17, 1990.

- After the meeting, the conclusionswill be incorporatedinto the final report
to be submittedto the Departmentof Energy. This will fulfill a subtask for
the above referencedcontract.

Please review the enclosed reportand commenton the report no later than April
16, 1990. Your comments are to be limitedto your device only. Any comments

_ related to other participantswill be edited out of your comments. You may
comment on methods of evaluationand state any improvementsto your particular

: advanced flotation device. Your comments,less any edited material,will be
incorporatedas an appendix to the report submittedto DOE.

_ Very truly yours,

'_K__ F-_ '

Dave D. Ferris

• Project TechnicalDirector

: DDF/mah

EnrlncI,_
-

168/1BOg,DDF



- Michigan Technolog|cal University

Houghton,Mlohlgan4_31 Instituteof MaterialsProoesslng
9061487-2600

FAX: 906_8_2921

April 16, 1990

Dave D. Ferris

Project Technical Director

ICF Kaiser Engineers, Inc.
Four Gateway Center, 12rh Floor

Pittsburgh, PA 15222

Reference= Topical Report #2 - Round Robin Test Results for
DOE Contract Number DE-AC22-88PC88881

ICF Kaiser Engine ats Number 88107-150

Dear Dave:

Thank you for the draft copy of the Round Robin Test Results for

Advanced Flotation. We have carefully reviewed the report and have a few
comments on methods of evaluation. Please find our comments in the

attachment.

If you have any questions, please do not hesitate to call me or David

Yang. _e are very glad to have the opportunity to work with your company.
=

in erel ,

_ogram nanager'_Mineral s
- and Solid Waste Processing Group

JYH/tea
--

Enclosure

_=

- MA)'0 3' I90MichiganTechnologicalUniversityisanequalopportunityeducationalInstitullonlequalopporlunttyemployer,



MTUCOMM_TS

(o4/z619o)

Reference= Topical Report #2 - Round Robin Test Results for
DOE Contract Number DE-AC22-88PC88881

ICF Kaiser Engineers Number 88107-150
I

I, Technical Evaluations

- a. The objective of this study is to determine the most efficient,
cost effective flotation cell for obtaining maximum amount of BTU

recovery and maximum amount of pyritic sulfur rejection for a given

coal at a given particle size distribution. The separation

efficiency (- BTU recovery - (i00 - Pyrite Rejection)) is the

parameter designed to evaluate the technical efficiency. We

believe that this parameter should be utilized as the sole basis
for the technical evaluation.

b. BTU recovery and pyrite rejection have been counted in the

separation efficiency. They should not be evaluated as independent

parameter. If for any reason they need to be considered, the

weight ratio of theseparameters should not be equal to the

separation efficiency.

c, The weight Z recovery of coal becomes a parameter to penalize good

coal cleaning processes in the technical evaluation. The same is

- true fer the BTU recovery parameter if it stands alone. A process

without cleaning the coal will obtain the best score because it

gets lOOZ weight recovery and lOOZ BTU recovery.

d. If the technical evaluation needs to include any parameter other

- than the separation efficiency, we suggest to select from the

parameters such as the ash s_paration efficiency, pyrite content,
ash content, and BTU value of the clean coal.

e. We suggest that all tests should be considered in the evaluation to
•- obtain balanced comparison. A good flotation device should be able

to function consistently well under various conditions as the coal

industry requires. The use of Test #4, but excluding Test #i thru

#3, as the basis for comparison may not provide a complete
evaluation. We believe that the resulte of Tests #I thru #3 (or

- #4) may be combined to provide an independent technical evaluation

_ parameter.

2. Economic Evaluations
=

a. All of the four economic evaluation parameters are calculated or

utilized to punish good coal cleaning processes. Without any coal

cleaning treatment, one can obtain the best score for each

_ parameter because the cost is zero. We certainly believe that this
is not the intention of this evaluation and suggest to design a

more appropriate economic evaluation system.



J

b. Cleaned coal will observe the benefits on transportation, pcwer

plant ash collection and disposal, and flue gas desulfurization

_ treatment, etc. These benefits are the most important economic

driving force for coal cleaning. However, they are not recognized

in any of the economic evaluation parameters. According tO the

calculations shown in the Appendix I, these benefits are all
assumed to be of no economlcvalue.

= c. We suggest to use the balance between the total costs and total
- benefits to evaluate the economics of various processes.

d. The flotation plant installation cost is assumed to be about 3

times of the capital cost of the flotation device (see p. 53, 3td

paragraph). High capital cost device usually has considered all

the variables already and requires much less efforts in

installation, testing, and operation. We suggest to use a more

reasonable factor for high capital cost device, In addition, we

suggest to exclude the capital cost factor from the operation and

maintenance cost parameter and the other parameters if the capital

- cost stands by itself as a parameter. We believe that high capital

device should not be punished in every economic evaluation

parameter.

3. Overall Considerations
i

As we discussed earlier, the separation efficiency should be the sole

- basis for technical evaluation. The MTU process should be ranked first

with this approach, When the benefits of cleaning are considered in

the economic evaluations, the MTU process shall also become the first

ranked. Thus, the MTU process should be ranked first overall.



COLLEGEOF ENGINEERING

AND STATE UNIVERSITY

k_.__/ VIRGINIA CENTER FOR COALAND MINERALS PROCESSING (703) 231.4508 TELEX: (910) 333-1861 fax:(703) 231.4070

' Blacksburg, Virginia 24061-0239

April 16, 1990

: Mr.David Ferris
ICF Kaiser Engineers,Inc.
4 Gateway Center
12thFloor
PittsbUrgh,Pennsylvania 15222

DearMr. Ferris:

Per your letter dated April 6, 1990, please find below our commentsto be
included in the appendixof the final reporton the round-robintest program.
The comments are broken up into two areas;changes in the technicaland
economic informationpertainingto the VPI&SU column flotationprocess, and
comments on the evaluationprocedureused in ranking the various advanced
flotationtechnologies. Per your instructions,we have avoidedcomments on
advanced flotationtechnologiesother than our own. We have also included
copies of the final release analysiscurveswhich have been revisedto reflect
the linearizedBtu values which were included in your final report. In this
way, all of the reportedBtu recoveriesand the release curves are based on a

- consistent set of data. These releasecurves also include the error bar for
the pyritic sulfur and total sulfur measurements.

Technical and EconomicChanges

After analyzingthe technicaland economicdata which youprovided, we
_- would like to point out a few discrepanciesin the informationrelated to

VPI&SU which we would like to correct. Based on an area scale-up of aeration
rate from the test number 4 data reportedby VPI&SU, it appearsthat we
suggestedan oversizedcompressor. If we scale-upexactly from our laboratory
data, we require 304 CFM which means our economicsshould be based on one 300
CFM compressor rather than a 500 CFM compressor.

In terms of the equipmentcosts, it appearsthat our column cost can be
reduced based on our most recent information. As you know, at the time that _
we provided our equipmentspecifications,we were still conductingour first

_ major in-plant test on a large-scalecolumn. Based on the data we have now
collected, it seems thatwe were overly conservativeon our estimateof the
pump size. After conductingconsiderabletest work with 3-4 inch in-line
bubble generators,it now appears that a 30 HP pump will be more than
sufficient for an eight-footdiameter column. Thus, the overallcost For

, three VPI&SU columns, including pumps and instrumentation, should be reduced
- to $180,000.



Fin_lly, in evaluating the operat, ing costs for each process, we noticed
how far out of line the high frother consumption was for the VPI&SU column,
Realizing tllat the round-robin test program is now complete, we decided to run
an additional set of' tests for our own benefit using the same sample and the
same grind as in Test No. 4 to see if we could operate at a lower frother
dosage and a higher kerosene dosage, lt appears that we may have been using

• excess frother as an expensive collector in our previous test. The data from
these tests are included for your information. Werealize that you may not be
able to include these results in the economic evaluation; however, it does
show that we can obtain an 86% Btu recovery with an 81% pyritic sulfur
rejection using 1.6 lh/ton of Dowfroth M150 and 3 lh/ton of kerosene.

Eval uar ton Procedure

Wewere a bit dismayed to see our names on the draft version of the final
report on the round-robin test program which was sent to all participants.

. This was particularly unsettling since we did not have a chance to see or
comment on the final version of the evaluation procedure selected.
Furthermore, the appearance of our names on the cover sheet of this report
would tend to indicate that we agree with all the conclusions and statements
made in this report, which is definitely not true.

First of all, the evaluation procedure is seriously flawed, Out of the
eight criteria used to evaluate each process, four are weighted toward yield,
These four are weight recovery, Btu recovery, efficiency index, and $/CC ton.
Furthermore, three out of the 'Four criteria for the technical evaluation are
based on yield. Only two out of eight criteria are weighted toward sulfur
rejection. These are pyritic sulfur rejectionand S/Ton SOR removed, As a
result of the heavy weighting'towardyield, any processwhich produces a high
yield, regardless of the amount of sulfur rejection,does very weil. For
example, if a pipe was connectedto the feed stream so that the entire stream
was placed into the final productwithout separation,it would finish second
as shown below.

Evaluation IncludingPipe

I I
ALLMINERAL 4 6 6 2 2_25 "5 .... "4 ....... 4....... 6"'" i 3i 4.62 6

- CAER 2 4 2 3 1.38 2 3 2 I i O0 2.38 1

DCCI 6 5 5 4 2.50 3 5 3 5 .00 4.50 5
............ = ...........--..... .... ..............--........... ....

Isis s a 3 s 2oo6 2 s 4 ii4124
MTU 3 2 1 6 1.50 4 7 6 3 2.50 4.00 3
.........--.. | ......--,..--....... ..--. .......,,,...........--..,,,... .--.. ....

VPI&SU 7 I 4 7 2.37 7 6 7 2 2.75 5.12 7

PIPE 1 7 7 1 2.00 1 1 1 7 1.25 3.25 2



if we includeda processwhich can meet the DOE objectiveof gO % Btu recovery
and 90% pyritic sulfur rejection,it would have finishedonly third in terms
of technicalperformance.

EvaluationIncludinggO-g0

- BTU
PARTICIPANT REClsUL

ALLMINERAL 3 7 7 1 2,25 5

- CAER I 5 3 2 1.38 I,

DCCl 5 6 6 3 2.50 6

ISGS 4 4 4 4 2.00 4

MTU 2 3 I 5 1.38 I

VPI&SU 7 2 5 7 2.62 7

90-90 6 I 2 6 1.88 3

In order to evaluate all processesfairly,one should begin by lookingat
technicalperformance. Assumingthat all test data are collectedat steady-

_ state, then all =ofthe processesfall on the same grade-recoverycurve (i.e.,
the release analysis curve) as discussedin our reportsdated 2-8-90, 2-19-90,

- 3-5-90 and 3-26-90, and it is immaterialto carry out a technicalevaluation
based on grade and recovery. In other words, all of the processesare capable
of achievingthe same result. Therefore, the economicevaluation should be
basedLonthe same yield for all participants, In conductingthis economic
evaluation,however, it is importantto consider severalother factors. For
'instance,are the economicnumbers based on steady-statedata, how accurately
have the parties involved been able to predict scale-upfrom laboratorydata,
how will each system operateover the long-term (i.e.,can control be
maintained,will the bubble generationsystem be susceptibleto plugging,

' etc.). These are all very importantfactors since economicvalues based on
/ non-steady-statedata or improperlyscaled equipmentare meaningless.

I hope you find this informationand analysis useful. Please feel free
= to contact us if you have any questionsconcerningour comments or the data

enclosed.
Sincerely,

e

Greg T. Adel

Gerald H. Luttrell

=



VPI&SU
.... 'rest5,1 Test 5,2 Test 5,3 Test 5,4

FEED

- Ash (%) 12,40 12,40 12,40 12,40
(12,53) (12,53) (12,53) (12,53)

_ Total Sulfur (%) 4,26 4,26 4.26 4,26
(4,15) (4.15) (4.15) {4,15)

Pyr_iticSulfur {%) 2,92 2,92 2,92 2,92
C****) (****) (****) (****)

PRODUCT

Ash (%) 3,50 3.79 4.05 3,58
(3,50) (3,79} (4,05) (3.58)

- Total Sulfur (%) 2,10 2.19 2,20 2.07
(2,10) (2,19) (2.20) (2,07)

- Pyritic Sulfur (%) 0,61 0.71 0,73 0,58
(****) (****) (****) (****)

_ REFUSE

Ash (%) 32.02 32.94 40.04 41.88
(32,02) (32,94) (40,04) (41.88)

Total Sulfur (%) 9.02 9.20 11,08 11.58
- (7,69) (7.82) { 9.28) (9,72)

PyriticSulfur (%) 8.01 8.20 10.17 10.74
C****) (****) C****) (****)

OVERALL

RetentionTime (rain) 5.8 5.7 5.4 5.8
- (6.1) (5.1) (3.9) (7.1)

Yield (%) 68,8 70.5 76.8 77.0
(68.8) (70.5) (76.8) (77.0)

Btu Recovery (%) 77.6 79.1 85.9 86.7
(77.6) (79.1) (85.9) (86.7)

Ash Rejection (%) 80,6 78.5 74.9 77.8
(80.6) (78,5) (74.9) (77.8)

Sulfur Rejection(%) 66.1 63,8 60.3 62.6
(56.3) (54.2) (50.5) (52.5)

Pyritic S. Rejection (%) 85.6 82.8 80.8 84.6
(****) (****) C****) (****)

Separation Efficiency (%) 63.2 61.9 66,7 71,3
C****) (****) C****) (****)



VPIi,SU
Test i Test 2 Test 3 Test 4

FEED

Pulp Flow (ml/rain) 74 77 102 64
C***) C***) (***) C**)

Water Flow (ml/min) (,66) (,69) (,,9,_) (,57)

7.3 7,6 I0,I 6,3
So'lidsFlow (g/min) (****) (****) (****) (***)

d

% Solids 9.9 9,9 9.9 9.9
(9,9) (9.9) (9,9) (9,9)

PRODUCT

Pulp Flow (ml/min) 62 89 48 45
(66) (91) (50) (45)

i

Water Flow (ml/rain) 56 83 40 41
(60) (86) (42) (42)

=

Solids Flow (g/mln) 5.0 5.3 7.7 4,8
(6,0) (5,5) (B,4) (5.9)

% Solids 8,2 6,0 16,1 10.6
(9,1) (6.0) (16,7) (12.1)

REFUSE

512 488 554 518
Pulp Flow (ml/mii_) (406) (542) (75"/) (419)

Water Flow (ml/rain) 510 486 552 517
(484) (540) (755) (418)

Solids Flow (g/rain) 2,3 2.2 2.3 1,4
(1.9) (2.2) (2.3) (1,1)

% Solids 0.4 0,5 0.4 0.3
(0.4) (0.4) (0.3) (0.3)

WASH WATER

Water Flow (ml/rain) 500 500 500 500
(5oo) (5oo) (soo) (5oo)

OVERALL

Pulp Volume (ml) 2984 2779 2984 2984

_ Retention Time (min) 5.8 5,7 5.4 5,8
(6.1) (5.1) (3.9) (7.1)



Test, Number 5,1 5,2 5,3 5,4

GEOMETRY

Height(in) 78 7B 78 7B
Diameter(in) 2 2 2 2
SlurryFeedPoint(in) ? ? ? ?
WashWaterAdditionPoint(in) ? ? ? ?
FrothHeight'(in) 20 24 20 20
PulpHeight(in) 58 54 58 B8
BafflesSpacing(in) N/A N/A N/A N/A

i

CONDITIONS

_ Wash WaterRate (GPM) 0,132 0,132 0,132 0,132
Air FlowRate (CFM) 0.036 0,036 0,049 0,036
FeedSlurryRate (GPM) 0,02.0 0,020 0,027 0.017
Feed% Solids(Wt) g,g 9,g 9,9 g,g
FeedSlurrypH 7,B 7.8 7,8 7,8
FeedParticleSize (d50) Same as in Round-RobinTest No, 4
Air Hold-Up ? ? ? ?
RetentionTime (rain) 5,8 5,7 5,4 5,B

REAGENTS

CollectorName Kerosene Kerosene Kerosene Kerosene
CollectorRate (Ib/ton) 3 3 3 3
FrotherName Mi50 M150" M150 MI50
FrotherRate (Ib/ton) 2.2 2,1 1.6 3.2
ModifierName N/A N/A N/A N/A

= ModifierRate N/A N/A N/A N/A

* Frotheraddedin with feedratherthan in bubblegenerationcircuit.
=

3
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The Deister Concentrator Comfy, Inc.
RO, Boxi • 901 Gl_gow _enue Fod Wayne, I_lana 46801

(2i9) 424-5128, _iex 23-2428, FacsimileNol (219)420-3252 Cable RETSIED

April 27,1990

Mr.Dave D., Ferris
ICF KAISER ENGINEERS,INC,
Four Gateway Center,12th Floor
P'ittsburgh,Pennaylvania i5222

Reference: Comments',For:Topical Report #2-Round Robin Test 'Results
DOE Contract Number DE-AC22-88PC88881

ICF Kaiser Engineers Number 88107-#50

, ,

Dear Mr. Ferris:
Please let Deister know if we mu'st submit these comments

separate!y _ to DOE at this late date. I did not receive the

preliminary draft till after the deadline date.

Comments For DOE

Capital equipment costs For The--Oeister _oncentrator Co.,Inc. column plant
were increased by 3 times by the evaluation committee. When multiplying

equipment costs by 3 times to obtain preparation plant capital costs, e

9 times FaCtor is imposed on the Dei ster installation. The number of

Deister columns required to process 20 TPH raw coal was increased by the
evaluation committee from i to 3 claiming that froth loading of 0.3.44 TPH/Ft 2

must be reduced to 0.115 TPH/Ft 2. TwoC2] patented f._aturee of Deister
•Columns, center Froth crowders and radialrevolving Froth removal blades,
allows Deister columns to operate efficiently at Froth ioadings of up to

0.5 TPH/Ft 2. Indeed, this increased Froth loading over other advanced
flotation process technology is an essential part of the Deister column

improved ash and sulfur removal as well as increased Froth % Solids to
minimize downstream dewatering costs. Deimter has commercial columns

operating successfully at 0.425 TPH/Ft 2. Correction of this erroneous
equipment addition changes Deister's rating For economic parameters From

4rh piace 'to let piace.
,hq,

Technical parameter performance, The Deister Concentrator Co.,Inc. used result
For standard grind and standard chemical conditions from Test #I to be
the .same 'for Test #4 without changing grind and chemical conditions. Yet,
TaBle 3.7,pg.48 lists Deiater BTU recovery at 98.6% For Test 1 while a
typographic error relists Deieter BTU Recovery at 94.61% For Test 4,Table3.9,
pg.51. Correction of this typographic error changes Deister's rating for
BTU recovery From 5rh place to Isr piace.

Total Perforr,,ance - Correction of the capital cost error and correction
of th_ typographic performance error gives Oeister a 1.750 technical
performance index and a 0.500 economical performance index For an overall

performance index of 2.250- the best of all.
Second place contender would have mn overall index of 2.375.

Very truly yours,

T_E DEISTER/_ONCENTRATOR CO,INC

Mineral Processing Engineer.

Equ_mentManufacture_ _rSeparatingandS_ingofMateflalSince1906

4PR30 1990
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