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EXECUTIVE SUMMARY

This reportsummarizes the results of batch and continuousprocess testings in Task 5 of DOE

contractDE.AC22-89PC88879, "EngineeringDevelopmentofSelectiveAgglomeration'. Thework

was performed by the Alberta Research Coundl in Devon, Alberta, Canada, Irom September,

1989 to July, 1991, '

The prime objectiveof Task 5 was to demonstratethe capabilityof selective agglomerationto

produce a clean coal with maximumpyritic sulfur rejectionand BTU recovery, for the utility

markets. Both heavy agglomerantand lighthydrocarbonwere studiedfor the developmentof a

genericagglomerationprocess mostsuitablefor engineeringdevelopment. Dieselwas selected

as the heavy agglomerantbased on selectivityand availability;heptane was used as the light

hydrocarbonbecause of itssuperiorphysicalpropertiesin contrastto pentaneandhexane. The

three projectcoals used in this programwere PittsburghNo. 8 (BelmontCounty, Ohio), Upper

Freeport(JeffersonCounty, Pennsylvania), and KentuckyNo. 9 (Webster County, Kentucky).

The Pittsburghcoal was precleanedcoalwhereas the other two feedstockswere run-of-mine.

Over 1000 batch exporiments were performed _norder to critically evaluate the agglomeration

process for both heavy and light agglomerants. Continuous tests were conducted to verify the

batch data. Comparisons of batch and continuous processing data are summarized in the

Process recommendation report in Task 7. The existing bench scale diesel continuous unit,

referred to as CPRU (Continuous Pyrite Removal Unit) was modified to include wet grinding

capability, and a new bench scale heptane continuous unit was designed, constructed, and

operated. In addition, the ARC's 1/4 TPH IATF (Integrated Agglomeration Testing Facility) was

utilized to establish sampling methodology and mass balance for large scale operation.

Confirmatory tests were performed in the Wilsonville laboratory and by Arcanum Corporation.

QA/QC guidelines were followed and statistical analysis was used as an aid for data evaluation.

Supporting experiments were carried out to generate data which were essential for engineering

.. assessment, During the evaluation of low-shear operation, pelletization was proposed by the

Alberta Research Council as an alternative method for fine coal reconstitution. Pellets of up to

6 mm diameter with good handleabilttywere successfully produced in the laboratory at 2% binder.



This was verified by vendor testing on a large scale operation. The combinatlonof high-shear

agglomeration for pyrite removal and pelletization for size reconstltutionwas subsequently ranked

as the first optton for engineering development.

Precteanlng of raw coalsfollowedby selective agglomerationwas found to offer the best chance

for commercialization in the near term, The overall process performance data obtained on

precleaned Upper Freeport, Pittsburgh No. 8 and Kentucky No. 9 coals, usingdiesel and heptane

are presented in Table 1. This table also showsthe qua,ties of the agglomerated products, the

precleaned coals, and the raw coals before precleaning. For both the Upper Freeport and

Kentucky No. 9 coals, pyritic sulfur rejection of 80% was achieved at a BTU recovery of 90%.

The pydtic sulfur rejectlon was lower for Pittsburgh No. 8 coal (about 70%) at the same BTU

recovery level. While the ash content for the Uppe_ Freeport coal was 8%, the ash contents for

Pittsburgh 8 and Kentucky No. 9 are in the range of 5% to 6%.

Table I

SUMMARY OF BENCH SCALE TESTING

Ovem. Periormonce of Precleanlng ond Agglomeration"

Upper Freepor! Pittsbur.qhNo. 8 _KentuckyNo. 9

ROM coal Ash % 16.2 24.3 21.7
TS% 2.28 4.95 4.59
PS'A, 1.65 3.04 3.29

Precteaned coal Ash % 11.8 11.3 9,5
TS% 1.38 4.21 2.93
PS% 0.79 2.19 1.26

BTU Recovery % 96.2 96.9 92.3
PSR % 54.7 40.9 65.0

Agglomeration

Clean Coal 28 Mesh (Diesel)
Ash % 8,3 5.7 6,5
TS % 0.98 3.55 2.64
PS % 0,43 1.23 0.98



Table 1 (Continued)

SUMMARY OF BENCH SCALE TESTING
Overall Pertormance of Proc_eaning and Agglomeration"

Upper Freeporl iP_9_but_,h Nol B Kerltucky No.

,' I O0____Mesh(D!,esel)
Ash % 7.9 5.8 6.1
TS % 0.94 3.46 2.59
PS % 0.39 1.14 0.92

200 Mesh (Heptane)
'h,sh % 8.2 5.0 6.1
TS % 0.92 3.30 2.72
PS % 0.37 1.17 1,05

Overall

Performance _28Mesh (Diesel_).
BTU % 89.2 88.7 88.1
PSR % 77.9 67.2 78.7

100_..._..MMesh(Diesel)
B'r'u % 91.3 93.7 88.4
PSR% 79.7 67.8 79.9

200 Mesh (Heptane)
BTU % 92.9 90.3 90.8
PSR % 80.4 71.2 76.6

"Alivalues presented on clrybasis.

To illustrate the effectiveness ofagglomeration process, the perfonnancedata for Upper Freeport

and Kentucky No. 9 raw coals, along with the Pittsburgh No. 8 precleaned coal, is summarized

in Table 2. These results show that tor Upper Freeport coal, a BTU recovery greater than 90%

is achieved at a pyritic sulfur rejection of 70%, for both the diesel and heptane processes. About

90% of BTU recovery is also achieved for Kentucky No. 9 coal, with 65% pyriticsulfur rejection

for the diesel case but 45% pyritic sulfur rejection for the heptane option. For Pittsburgh No. 8

coal, pyritic sulfur rejection is at the level of 45-51%, at a BTU recovery range between 91 to

96%. As expected, this precleaned coal was more difficult to clean than the other two raw coals.

The ash contents of the agglomeration products are slightly higherthan those obtained by using

both precleaning and agglomeration.

r



Table 2

SUMMARY OF BENCH SCALE TESTING

Perlonnance of Agglomeration Proceu"

Upper Freepo._ PittsburghNo.j8 Kentucky No, g

Feed Coal Ash % 16.2 11.3 21.7
TS % 2.28 4.21 4,59
PS % 1.65 2.19 3.29

Agglomeration
Product 28 Mesh (Diesel)

Ash % 8.7 5.7 7.6
TS % 1.16 3.55 2.87
PS % 0.58 1.23 1,47

100 Mesh (Diesel)
Ash % 6.6 5.8 7.4
TS % 1.25 3.46 2.93
PS % 0.66 1.14 1.53

200 Mesh (Heptane}
Ash % 8.9 5.0 13,0
TS % 1.45 3.30 3.47
PS % 0.56 1.1 7 2.15

Agglomeration
Pedorrnance 28 Mesh (Diesel)

• BTU % 90.6 91.4 92.1
PSR % 71.1 44,5 65.5

100 Mesh (Diesel)
BTU % 94.1 96.6 91.5
PSR % 65.9 45.5 64.4

200 Mesh (Heptane)
BTU % 94.3 93.1 94.4
PSR % 70.6 51.3 45.0

"Ali values presented on dry basis

The performances of the dieseland heptane agglomeration processesare highly comparable.

The grind sizes for the diesel process, between 28 and 100 mesh, show minimal effect on

process performance. A 200 mesh grind, however, is necessary for the heptane process to

achieve the same level of performance as the diesel process using coarser grinds. The operating

conditions for the diesel process and the heptane process are also quite different. The diesel

. process operates at 1% agglomerant and 20% solids contents in the high-shear; the heptane

process shows a comparable performance at 20% agg,omerant and 5% solids contents in the

high-shear.
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Workperformedin the varioustestingunitsat the AlbertaResearchCouncilis describedin the

followingsections.

BATCH SCALE TESTING

Bench scale testing in Task 5 was performed to investigate the effect of process

parameters/configurations,and methods tor enhancing process performance or product

handleability.The most importantfindingsare as follows:

o Agglomerationof precle_nedcoals givesthe best overallperformance

o Performanceof,diesel and heptane processes are comparablebut operating
conditionsare different

o Pelletizationpw,_duceshandleableproductsat lowbindercontents

The developmentof the bat_ scale programsfor agglomerantselection, microagglomerate

recovery,high-shearoptimization,effect ofsecondaryvariables,two-stagehigh-shearoperations,

and productcharacterizationare describedbelow.

Five potential aggiomerants were evaluated in the batch program: diesel, diesel/Maya crude

mixture,Mayacrude, diesel/FuelOil No.6 mixture,andhexane. Coalsamplesusedinthisseries

were referredto as old projectcoalswhichwere later replaced inthe maintestprogram. During

this study, it was found that hexane was evaporated during the high-shear step and in the

microagglomeraterecoverystep usingflotation. As a result,new experimentalprocedureswere

subsequentlydeveloped to handle lighthydrocarbon. Based on the pyriticsulfur rejectionand

BTU recoveryas the main performancecriteria,diesel and diesel/Mayacrude mixtureprovided

better resultsthan Maya crude and diesel/FuelOil No. 6 mixture. As the availabilityof Maya

crude was questionable,diesel was selected as the "heavy" agglomerantfor the remainingtest

program. In order to evaluate the light hydrocarbon option, heptane was used after an

assessment of the propertiesof three lighthydrocarbons: pentane,hexane and heptane.

Three methods for microagglomerate recovery were critically evaluated for the agglomeration

processes based on diesel and heptane. Screening and flotation were examined for diesel

V



agglomeration,andscreeningas well as phase separationwere evaluatedfortheagglomeration
,'

process using heptane. The studyof variousmicroagglomerateseparationmethodsnecessitated

the use of a wide rangeof operatingconditions.In the heavyagglomerantcase, ltwas foundthat

high concentrationsof agglomerantwere requiredfor successfulrecoveryof microagglomerates

byscreening,buttheselectivitysufferedfrom largedosagesof agglomerants.Processselectivity

was improvedat low concentrationsof agglornerants,with satisfactory BTU recovery, using

flotationas themicroagglomeraterecoverymethod. Test resultsalsoshowedthatpyriterejection

was poor when there was no separationstep prior to low-shear processing,.and low-shear

processinghad littleeffect on the quality of the final product. In the light aggl0rnerantcase,

screening consistentlyyielded better process performance than phase separation.

The paralleldevelopmentof the diesel and heptane processes requiredan optimizationof the

high-shear operations. An extensive study was performed and a number of variables were

criticallyevaluated. The variablestested, the conditionsused, and the levels selected for the

process parameters are summarized in Table 3 and Table 4 for the diesel process and the

heptane process, respectively. In essence, the diesel process required low agglomerant

concentration,coarser grinds, and could be operated at high Solids loading. In contrast, the r

heptane processdemanded highagglomerantconcentration,fine grind,and lowsolids content.

Confirmatorytestscarded out in the Wilsonvillelaboratoryand by ArcanurnCorporationshowed

consistentbehavioursinthe heptane process.
=

=
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Table 3

HEAVY OIL PROCESS OPTIMIZATION

Variables Tested Conditions Tested Selected Levels

Agglomer_ng Uquld Diesel, Maya, M/D, FO/D Diesel

Agglomerant Dosage 0.5, 3, 6, 10% 1%

Panicle Size 28M, lOOM, 200M 2SM/lOOM

High-shear Solids 5, 10, 20% 20%

HS Residence Time 0.5, 1, 2, 4 minutes 1 minute

HS Mixing Intensity. 1600, 2000, 2400 rpm 1600/2.000 rpm

IVticroagglomerateRecovery Screening, Flotation Flotation

Flotation Solids 1.5, 3, 6% 6%

Flotation Stages 1-stage and 2.stages 2-stage

MID - Maya/Diesel mixture
FO/D - Fuel Oil No. 6/Diesel mt_ure

Table 4

UGHT OIL PROCESS OPTIMIZATION

Variables Tested Conditions"rested Selected Levels

Agglomerating Liquid Hexane and Heptane Heptane

Agglornerant Dosage 10, 20, 30, 50, 100, 150% 10 - 30°/,

Particle Size 28M, 100M, 200M 200M

High-shear Solids 5, 10, 20% 5%

HS Residence Time 0.5, 1,2, 4 minutes 1 minute

HS Mixing Intens_ 1600, 2000, 2400 rpm 160012000 rpm

' Microagglomerate Recovery Screening, Flotation Screening
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A numberof secondary variableswa_ also investigatedto enhance the processperformance.

These includedthe applicationof pyritedepressants,the use of emulsifiedagglomerantsin the

high-shearoperation,and the use of elevated pH in both the hlgh-shearand in flotationsteps.

Bothdepressantstested,namelyoxoneandpotassiumferrocyantdeshowedsomeimprovement

inpyriterejectionwhentheywere addedintothe grindingstepof the agglomerationprocess.The

improvementwas definitely not observedfor the majorityof the tests. Overall, the depressants

used did not show any significantimprovement. There was no improvement in process

performancebyusingemulsifiedagglomerants,althoughsomepotentialinthe reductionof mixing

intensityfora longerresidencetimewas noticed. When the high-shearoperationwas conducted

at pH 11, different responseswere observed for the projectcoals. Some improvementwas

observed for the Upper Freeport coal,while there was no change in process performancefor

KentuckyNo. 9 and lowerBTU recoverywas observedfor PittsburghNo. 8. A substantialloss

of BTU, however, was observedfor ali the project coals when the pH was raised to 11 in the
flotationcell.

Two-stage processing schemeswere also investigated in the Task 5 batch scale test program.

These included product regrindingfor ali project coals and reprocessingof tailings for Upper

Freeportcoal. In the investigationof productregdnding,the agglomeratesproducedfromthe 28

mesh grindwere groundto a finersize and reagglomeratedusingsmall amountsof agglomerant.

Forthisscheme, an increaseinpyriterejectionwas accompaniedby a decrease in BTUrecovery.

Reprocessingthe tailingsof UpperFreeportcoal,whichwas slightlyoxidized,increasedthe BTU

recoverybut decreased pyriterejection. The resultsof thesetwooptionsof two-stageprocessing

were not consideredsignificantto warrantfurtherstudy for otherprojectcoals.

Various supporting tests were performedduring Task 5 program to generate data for engineering

and environmental assessments. For the light agglomerant process, the distribution of heptane

into the product streams from high- and low-shear operations was quantified. Dried

agglomerates (100°C for 60 min) contained about 0.2% of heptane. Up to 1% of the heptane

input to the high-shear mixer was found in the tailings stream (0.9% and 0.1% solid and liquid

•, phases, respectively). Additional amounts of heptane were detected in the low-shear tailings.

The solid phase contained 0.8% of the initial heptane input, whereas 0.1% was determined in the

,o,
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water phase. The size analyses of the heptane agglomerates after drying indicated that roughly

30% of the product was below 28 mesh.

Preliminary evaluation of product handleabillty was also initiated at the Alberta Research Council

toprovtde a first-level a_essment, using small quantities of samples. Selected samples were

evaluated for Abrasion Resistance Index (ARI), Strength Index (Sl), Water Resistance Index

(WRI), and Weatherability Index (Wl). These tests are recommended for further testing using

large quantity of samples.

BENCH SCALE DIESEL CONTINUOUS TESTING

ARC's Continuous Pydte Removal Unit (CPRU) was modified according to the requirements of

this research contract. Two high-shearvessels were installed t_ allow the investigationof various

residence times in the high-shear operation. Mlcroagglomerates were first recovered by a

flotation cell followed by a hydraulic separator, whichwas used as a substitutefor a second stage

flotation cell. Sampling procedures were developed and the time required to reach steady state

operation was determined. Mass balances of about 96-100% for coal, ash and sulfur were

achieved for ali the three project coals.

The results of the bench scale diesel testingshowed that an increase in diesel concentration

improved BTU recovery but decreased pyrite rejection, in the absence of frother or at lower

frother concentrations. At higher frother concentrations, the effect of diesel concentration was

masked by the effect of frother which increased BTU recovery and reduced process selectivity.

Similarly, the effect of frother at higher diesel concentrations was affected by the presence of

large dosages of the bri::"lJngliquid. The effect of solids contents in the flotation cell also showed

that higher solids concentration gave better BTU recovery however pyrite rejection was

deteriorated. This observation became unclear as the frother concentration was increased. In

general, itwas observed that shorter residence times in high-shear gave better process selectivity

at the expense of BTU recovery, but a definative conclusion could not be made due to the

' complex interactions between many variables in the continuous system.



Only new project coals were studied in the bench scale diesel continuous tests, The

performances of these coals at 1% diesel, in the absence of frother (except for the Upper

Freeportcoal) are summarizedinTable 5, Datapresentedfor PittsburghNo. 8 coal Ison a Glean

coal basisas thiswas a precleanedcoal.

Tabae 5

SUMMARY OF BENCH SCALE DIESEL CONTINUOUS TESTING

Product Quality Process Pedormanoe

CoaJ Grind Size Froth Ash % TS% BTU % PSR%
Upper Freeport 28 mesh 0,01% 8,4.9,1 1.28-1,48 85-90 69-77

100 mesh 0,005% 9.5 1.,34 92 56

Pittsburgh No. 8 28 mesh -- 6.3 3.48 94 31
100 mesh .... 6.3 3,39 90 47

Kentucky No. 9 28 mesh --. 8.2 2.98 81 66
100 mesh .,.- 8,2 3.06 92 64

BENCH SCALE HEPTANE CONTINUOUS TESTING

A new bench scale heptane continuous testingunit was designed, built and operated at the

Alberta Research Council. Ali the equipment and wirings were explosion proof rated. The unit

was located inside an isolated test cell equipped with detector's for hydrocarbons. The unit

consisted of a high shear mixing system, a vibrating sieve bend for microagglomerate recovery,

and a tailings handling system which permitted tailings disposal in compliance with regulations

for hazardous material. A separate sample preparation room was also specially equipped with

a high rate exhaust system and activated carbon filter. Safety operating procedures were also

developed. The heptane unit was operated for 8-10 hour periods without noticeable levels of

heptane emission.

Results of the heptane continuous testing showed that ali the controlling components were

functioning properly, resulting in good correlation between actual conditions and set points.

These included the coal feed rates, heptane concentrations, solids contents and residence time

in the high-shear vessel. Good repeatability In mass flow and product qualities were also



demonstrated for tests conducted under the same operating conditions, Mass balance data

gathered from three short test pedods were satisfactory except for the lower balance ofsulfur and

co[nbustible materials, whtoh required further caloulatlonsfrom mass flows and analytical data.

Continuoustestingof Upper Freeport,PittsburghNo. 8 and KentuckyNo,9 project coalsshowed

thathigh heptaneconcentrationsincreasedB"U recoverybutreducedpyriterejection. Heptane

concentrationsin the range of 10-30% appearedto give the best combinationof BTU recovery

and pydte rejection. Solids content in the high-shearexhibitedsimilar effects on process

performance. However,due tothe interactionof solidscontentsand residencetimesin thehigh.

shear, tt was not possible to evaluate these two parameters independently based on the

experimentaldata. Solidscontentsinthe rangeof 5-10% witha correspondingretentiontimeof

1-2 minutes°appearedto be thebestconditionsfoundinthe testingprogram, ltwas notpossible

to arriveat a definite conclusiononthe effect of the sievebendwater loading;lt was speculated

that there was a combined effect of retentiontime on the sieve bend and the velocity of the

mlcroagglomerateswhen passingthroughthisseparationdevice,

Despitethe fact that there were intrinsicdifferences in the batch and continuousoperations,and

the variations in processing conditions,the results obtained from the continuous heptane testing

unit were in agreement with those observed in the batch operaUon. The performances of the

three project coals from these limited tests are summarized in Table 6.

Table 6

PERFORMANCE OF THREE PROJECT COALS

Bench Scale Heptane Continuous Testing

Producl Oualily Process Performarme
CoaJ Ash % TS % , BTU % PSR%

Upper Freeport 8.5-9.3 1,1B,1.33 93-96 59-67

Pittsburgh No. 8 6.5 3.2 84 52

Kerrtucky No, 9 7.5-8.4 2,g3-3,07 88.89 55.61
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new sampling equipment,establisha procedureto minimizesamplinglcr large scale operation,

and determine the operating tlme required for achievingsteady state of the system. Test results

were analyzed by a computerized mlnlmum variance balance program (MATBAL II),

The results of these limited runs demonstrateda high level of process repeatabllity. New

sampling equipment performed satisfactory,and the procedureof composite sampling .was

acceptable tor the evaluationof componentand plant performance. Steady state conditionsin

ali process streams was achieved after operating for a period of three hours. Good mass

balances were obtained for ali of the test runs,

While these tests were not conducted to optimize process performance, general trends of the

effect of variables on process responseswere revealed, The effectsof the key parameters were

consistent with those observed in batch scale testlng. The tATF data indicated that pyrite

rejection was increased at lower diesel addition rates, and BTU recovery was influenced by

trother addition. Agglomerates with a dsoof 800 um were produced from a feedstock with a dso

of 128 um at a binder dosage of 8%.
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1.0 INTRODUCTION

This reportdescribesthe workperformed and summarizesthe resultsobtainedunder Task 5,

"Bench and ContinuousProcessTesting', in DOE Contract DE-AC22-89PC88879, "Engineering

Developmentof SelectiveAgglomeration". The work in Task 5 was carried out at the Alberta

Researchwith constantinteractionswith ali projectparticipants, The resultsof this task provide

the majorityof data for both technical assessmentand economicevaluationof the selective

agglomerationprocesses.

Task 5 was a systematic experimental program for development of generic selective

agglomerationtechnologies,based on both heavy agglomerantand light hydrocarbon. The

frameworkof the processdevelopmentprograrnwas firstoutlinedinTask 2, "Designct a 20 TPH

Sen'li-worksPlant", and from this design ali the processuneertatnUesand deficiencies were

criticallydefined in Task 3, "Determinationof Critical Areas', A comprehensivetest plan to

address and resolveali of these criticalareas was developedinTask 4, "TestPlan Formulation

and Coal Procurement'. The Task 5 testplan was designedto be evolutionary,systematic,and

coveredboth batchand continuousoperations.

The work in Task 5 was carried out parallel with Task 6, "Component Developmentin Selective

Agglomeration". These two tasks had different objectives: Task 5 placed emphasis on process

performance (i.e. high-sllear operation) while Task 6 concentrated on product dewatering (low-

shear operation). With the process performance data generated In Task 5 and. product

dewatering characteristics defined in Task 6, a sound basis could be established for the proper

design of the proof-of-concept (POC) module for the engineering development of selective

agglomeration, Task 7, the final task of Phase 1 of this project, summarized ali data gathered

from Task 5 and Task 6 for a recommendation of process for further development in Phase 2 of

this DOE contract.
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1.1 Task 5 - Objectives

Under the overall objectives of DOE Contract "Engineering Development of Selective

Agglomeration', there were a number of specific objectivesin the Task 5 program. The prime

objectives of Task 5 are highlightedbelow:

o Maximize process performance in pydtlc sulfur rejection and BTU recovery

o Produce a low ash product

o Compare the performance of the heavy agglomerant process based on diesel and
the itght agglomerant process using heptane

o Define optimum processlng conditions for engineering design

o Provide first-level evaluation of product handleabUity

o Explore and investigate process optlons/tdeas which may enhance process
performance and/or product handleablllty

1.2 Task 5 - Scope of Work

Process development work under Task 5 consistedof experimental programs in the batch level

and continuous operations, The continuous operations were carried out largely on a capacity

scale of 5 kg/hr for both the heavy agglomerant process (diesel) and the light hydrocarbon

process (heptane). A limited number of test runs for the heavy agglomerant process were also

conducted at the 1/4 TPH scale IATF:(Inteorated Agglomeration Testing Facility) at the Alberta

Research Council,

The scope of work under this task was substantial and extensive, The Task 5 work program

began with the selection of agglomr;rants most suL_ablefor pyritic sulfur' rejection for the project

coals. An extensive program was performed to optim:ze the heavy agglomerant process and the

light hydrocarbon process. A detailed study of a large number of process variables was

performed, Following these, various processing schemes for the "Diesel" and _Heptane"

processes were evaluated along with studies of other process parameters for the engineering
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developmentof theselectiveagglomeratlontechnologies. Outsidelaboratoriesandthe support

laboratorytn Wllsonvlllewere also usedto providedata torconfirmationand verification.

Usingthe batch experimentalprogramtoscreen the effect ofmajorprocessparameterspermitted

a more efficient and effectiveselectionof operationstn the continuousprocessingexperiments,

The existing Continuous Pyrite Removal Unit (CPRU) at the Alberta Research Council was

modlfledfor the heavyagglomerantprocess;anda new continuousunitfor the lighthydrocarbon

processwas designed, constructedand operated for the project. Test runs were conductedin

the continuousoperations to confirm the effects of major process variables on process

performance,ana extendedrunswere performedfor each projectaoalto generatemassbalance

data.

While the emphasis of the Task 5 program was placed on the hlgh-shearoperation, the tow-shear

operation was also investigated in the batch scale and a continuous operation of 20 kg/hr

capacity. Laboratory scale pelletizing was investigated as an alternative method for size

enlargement and as a proaess substitute for low-shear, First level evaluation of product

handleablltty characteristics was also performed on selected samples,

In addition, a number of supporting testswere carried out during the Task 5 program to provide

additional informationand data which were required for engineering,economic and environmental

assessment,_of the selective agglomeration processes. These tests included the determination

of drying kinetics of clean products from both heavy and light hydrocarbon processes, light

hydrocarbon distribution in process streams and also size degradation of product from the light

hydrocarbon process as a result of thermal drying.

1.3 Task 5 - Report Structure and Orclanlzatlon

The Task 5 report is structured In such a manner to allow the logical presentation of the data

gathered from the batch and continuous operations. As such, the sequence of data presented

in this report does not necessarily follow the chronological order.

1-3



The data used for discussionsIn each sectionare also selected, regrouped,or subdividedfrom

thehuge database to illustratethe significanceof the observations. The completedata base is

providedin the appendix for reference. Following the discussionsof batch, small continuous

operation (5 kg/hr),and pilot scale operation (1/4 TPH), the data from thebatch and continuous

operationsare compared and a statistical analysis of the data is also provided. A separate

chapter is usedto discussthe subjectof QualityAssurance and QualityControl (QA/QC) of the

Task 5 program.
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2.0 DESCRIPTION OF TESTING UNITS AND OPERATIONS

Fivedifferenttestingunitsandoperationswere usedin the Task 5 program:

o Batchscale testing

o Benchscale dieselcontinuoustesting(5 Kg/hr)

o Benchscale heptanecontinuoustesting (5 Kg/hr)

o Continuouslow-sheartesting(20 Kg/hr)

o Pilot scale diesel continuoustesting(114TPH IATF)

These testingunitsand operationsare describedbelow.

2.1 Batch Scale Testing.

Major experitnental equipmentused forbatchscale testing consistedof the following:

o "ARC" 1-1iteragglomerationvessel

o "ARC" 1-1iteragglomerationvesselwith cover

o Waring Blender, 1-1itervessels (glass and stainless steel)

o 3-1iterstandard separatory funnel

o 3-1itermodified separatory vessel with screen

o Denver D-12 flotation machine

o Standard 8" diameter sieves

o Ultrasonic mixer

o Pressure filter

o Grinding equipment (dry and wet)

o Disk/drum pelletizer

o Extruder
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o Drying oven

This equipment is briefly describedbelow.
,,

2.1.1 "ARC" 1-Liter Agglomeration Vessel

This vessel, shown in Figures2-1 and 2-2 (pp. 2-18 and 2-19) is a standard batch vessel used

at the Alberta Research Council. lt was used for ali the heavy agglomerant tests for high- and

low-shear agglomeration. Shear isprovided by the 4-blade impeJlerthat rotates at variousspeeds

(up to 2,400 rpm) for high-shear and at 1,800 rpm for low-shear. The four baffles inside the

vessel intensify the mixing action in the vessel. During testing the vessel remains open to the

atmosphere.

The dimensions of the high-shear mixing vessel are as follows:

Volume 1 liter

Ratio of impeller diameter
to vassel diameter 0.44

Ratio of baffle width to
vessel diameter 1:10

2.1.2 "ARC" 1-Liter Agglomeration Vessel with Cover

This vessel, shown in Fi:']ure2-3, is the same as the vessel described in Section 2.1.1. A cover

was constructed to prevent the evaporation of the light agglomerant. The cover was positioned

immediately above the water level, thereby minimizing head space and potential agglomerant

evaporation. The valves in the cover allowed the addition of agglomerant by means of a syringe.

Thi_ vessel was used for ali light agglomerant tests using various rpm (1,000-2,000) of high-shear

" ' and for ali light agglomerant low-shear steps.
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2.1.3 Warlng Blender

A standard 2-speed Waring blender, Model 31BL92, was used for high-shear for ali light

agglomerant tests at 14,000 rpm. Two vesselswere used, one of clear glass and the other of

stainless steel, each of 1-1iternominal capacity. The glass vessel was used during procedure

development and for observation of agglomeration progress (kinetics). The majority of the tests

were completed with the stainlesssteel vessel tn which a small 1-mm diameter hole was drilled

in the cover to allow the addition of the agglomerant by means of a syringe.

2.1.4 3-Liter Separatory Funnel

This was a standard 3-1iterteardrop-shapedseparatory funnelwitha sealable narrow openingat

the top and stopcock at the bottom. Thi._vessel was used for ali light agglomerant tests utilizing

phase separation as the agglomerate recovery method. The contents of the high-shear vessel

were transferred to the separatory funnel via a standard funnel.

2.1.5 3-Liter Separatory Vessel with Screen

This vessel is shown in Figure 2-4. The vesselwas constructedspecificallyfor this test program,

This vessel was used for ali light agglomerant tests utilizing screening as the agglomerate

recovery method. The separatory vessel consisted of two sections. The bottom section was

made of glass and had a cylindrical shape tapering to a narrow tube equipped with a drain valve.

This was used to remove the tailings and water from microagglomerates. The top removable

section was made of gl_ss and had the shape of a cylinder equipped with the small valve to

release a possible light hydrocarbon pressure build-up, and a stopper to prevent a major loss of

the agglomerant. Steel cloth screens of various sizeswere used to separate microagglomerates

from the tailings. Rubber gaskets and clamps provided the necessary seal between two sections

of the vessel.
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2.1.6 Denver D-12 Flotation Machine

This is a standard laboratoryflotationunitwith a 3-1itercell. This machinewas used tor ali light

and heavy agglomerant tests utilizingflotationas the microagglomeraterecovery method. A

schamatlc diagramof D-12 FlotationMachineis shownin Figure2-5.

2.1.7 Standard 8" Sieves

Standard Tyler series8" fullheight (2") sieveswere usedfor ali heavy agglomeranttests utilizing

screening as the microagglomeraterecovery method. These sieves were also used for

recovering ali low-shear products, regardless of whether they were from light or heavy

agglomeranttests.

2.1.8 Ultrasonic Mixer

Ultrasonicmixer,Type PT10/35 - KinemaUcaGmbH, was used for emulsificationof heavy and

light agglomerants.

2.1.g Pressure Filter

Dewatering of microagglomerateswas carded out in a "BOOT" pressurefilter - Model PF-2, The

Booth Company, Salt Lake City, Utah, U.S.A.; "Whatman" filter paper - Cat. No. 1114270, was

used as filtration medium.

2.1.10 Grinding Equipment

Dry _nding EcluiDrnent

o Hammer mill: Holmes Pulverizer Model 501-XL
Single Phase 220V/1 HP Motor

o Disc grinder: Quaker City Mill Model 4-E with
110V/1/3 HP Motor Single Phase
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Wet GrindinaEclu__men__tt

o U.S Stoneware 784-VM jar Mlll (variable speed)

o U.S. Stoneware Ceramic Jars- 1.1 L Internal Capacity

o Zirconium Grinding Media 1/2" x 1/2" cubes, 1,775 gm/per jar

2.1.1i Pelletlzer

Convertibledisk/drumpeltetizerMMC, Model DP-14 with Dayton motor, SCP control,Model

5X412 was used in pelletizingexperimentswith clean coal generated by high-shearprocess

utilizingheavy agglomerant.

2.1.12 Extruder

Laboratorytypeextruder,ModelNo. 387475, CranfordsvUle,Ind.,was usedto produceextrusion

rods from heavy agglomranthigh-shearproduct.

2.1.13 Drying Oven

"Fisher"isotemp oven, Model655G wasused for dryingofclean coal productand rejectsamples,

2.2 Bench Scale Diesel Continuous Testinq Unit (CPRU)_

1

,,,, • The existing bench scale continuoustesting unit, known as continuouspyrite removal unit (CPRU)

was modified to equip with wet grinding capability tor this contract. The testing unit had the

following major components.
r

o Coal grinding and slurry holding tank

o Conditioning vessel

o High-shear agglomeration vessels

o Flotation cell for fnicroagglomerate separation
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o Secondstage flotationunit

A flow diagram of the CPRU is presented in Figure 2-6. The components are described in the

following sections,

2.2.1 Coal Grinding and Slurry Holding Tank

Coal grindingfor tests in the CPRU was conducted using either the rod mill in the Integrated

AgglomerationTestingFacility(IATF) or a ball mill purchasedfor thisproject. Coal grindingby

rodmillisdescribedinSection2-3, "BenchScale HeptaneContinuousTestingUnit".Thissection

concentrateson coal grindingusingthe ball mill, slurryholdingtankand delivery system.

q

A Denverball mill813 mm Lx 406 mm D (32" L x 16" D) was usedforcoalgrindingto produce

the28 meshand 100 meshgrindsfor testing. Stainlesssteelballsof 25.4 mm (1")diameterwere

used as a grindingmedium. The coalwas fed to the millby a variablespeed screwfeeder and

close-loop grinding mode was employed for preparing a slurry feedstock of required size

distribution.

A customdesignedmobile coal slurryholdingtankwas manufacturedto store and transportthe

slurry, The slurrytank was made of stainlesssteel 864 mm H x 457 mm I.D (34" H x 18" I.D).

An invertedcone was installedat the bottomto facilitateintensivemixingwhichpreventedsettling

of the solids. Mixingwas achievedby usingthe LightninModelXD-43 agitatorwith twoimpellers.

The agitatedslurrywas pumped to the CPRU slurrydelivery systemby a Mayno pump, Model

354, manufacturedby Robinsonand Mayers, Inc. of Ohio.

The holding tank, agitator and slurry pump were mounted on a steel plate with heavy duty castors

which allowed easy mobility from the grinding set-up to the testing unit, Figure 2-7 illustrates the

coal slurry preparation system for the CPRU.
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2.2.2 Conditioning Vessel

The functionof the conditioningvesselwasto adjusttheslurryconcentrationtor the process. The

conditioningvesselwas 203 mm H x 127 mm I.D (8" H x 5" I.D), fittedwithfourbaffles, lt had

900 ml workingvolumeand 2.2 minuteresidencetime while operatingat 5 Kg/hrdry coal basis

(20% solids). The vessel agitatorhad 93 Watts (1/8 HP) motor, 4-paddlestirrer, and a speed

controllerto maximumof 1800 rpm. The dilutionwaterwas regulatedusinga MathesonModel

605 rotameter,

2.2.3 High-Shear Mixers

The CPRU could accommodate one mixer with single discharge point or two mixers each with

3-discharge levels, 145 ml, 345 ml, 815 ml whichcould be connected inseries in any combination

for the required residence time. The agitator manufactured by G.K. Heller Corp., Floral Park,

N,Y., had 93 Watts (1/8 HP) motor, and a dlgltal controller Model HST 20N were used to adjust

r]3mor torque.

Diesel injectionpump, manufacturedby the NicholsZeniths, Waltham, Massachusetts,was ddven

by 1 HP motor, and had a capacity to deliver 0.05 to 25 gm per minute of agglomerant with _+1%

accuracy.

{

2.2.4 Flotation Cell

The microagglomerates formed in the high-shear mixer/mixers were recovered by flotation. The

flotation cell had a capacity of 3.2 liters with working capacity of 2830 ml of water. A standard

Denver Model D-12 flotation machine was used. The flow of air could be regulated by adjusting

the rotation of the impeller.

Frother pump manufactured by Pulsofeeders, Rochester, N.Y., Model L30-SEwas equipped with

vernier type precision reguiator, lt could deliver from 0.03 gm/min of 1% methyl isobutyl carbinol

solution with _.+1% accuracy.
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2.2,5 Second Stage Flotation Unit

The second stage flotationwas carded out with the unit which was referred to as a hydraulic

separator. This unitcomprisedof (a) washingzone (1.1 I capacity),where the feedenteringthe

unit was diluted,(b) settlingzone 152 mm H x 140 mm I.D (6" H x 5 1/2" I.D) and (o) flotation

zone of the dimensionssimilar to settlingzone. The settlingzone had four baffles.

The Denver flotationmachine Model D12 with an tnduoedair impeller was usedto supply the

regulatedvolumeof air,

2.3 Bench Scale Heptane Continuous Testing Unit

The bench scale heptanecontinuoustestingunitconsistsof four systems'

o Coal grinding and slurry feeding system

o High-shear mixtn§ system

o Microagglomerate s_,parationsystem

o Tailings handling system

The heptane process flow diagram (Figure 2-8) and Table 2-1 are presented to facilitate the

description of the continuous unit,

Table 2-1

STREAM AND VESSEL SPECIRCATIONS FOR
HEPTANE PROCESS SCHEMATIC

Stream Desi_ Description

1 Coal slurryllne
2 Coedslurry sampling location
3 High-shear H20 addition llne
4 Slurry feed line to high.shear
5 Heptane llne to high-shear
6 Sieve bend feed line
7 Sieve bend product line

' 8 Tailings to hazardous contai"ment
9 Tailings decant line

10 Discharge line
11 Sieve bend vent line
12 Recycled coal slurry line
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Table 2-1 c_Contlnued)

STREAM AND VESSEL BPECIFICATIONS FOR
HEPTANE PROCESS SCHEMATIC

Ve ssel...._...._De sl_nI_ion

A Rod n_ll

B Slurry holding tank
C Mobileslurry tank
D Slurry pump (TEFC - 3 phase)
E Peristaltic pump
F Impell_' motor speed controller
G Impeller motor ('rEFC)
H High.shear vessel
I Heptane pUmp

j Heptane vessel
K Emergimcy reservoir
L Sieve bend

M Valve
N , Product collectionsystem
O Tailings sampling system
p Valves
Q Tailings settling vessel
R Pressure control switch
S Pump
T Tailings decant effluentvessel

TEFC - Totally Enclosed Fan Co_ed

2.3.1 Grinding and Coal Slurry Feed System

The grinding operation was performed in the IntegratedAgglomerationTesting Facility (IATF) rod

mill (A) at a slurry concentration of 50% and a rod charge of 500 Kg, The raw coal feed rate was

1 to 2.5 Kg/hr, dependent upon the coal type,

The grind product was diluted to 20% solids and pumped to the IATF coal slurry holding tank

(Vessel B) where lt was thoroughlymixed. This feed slurry was then pumped to the portable 120

liter stainless steel slurry holdingtank (Vessel C), ]'he portable tank was constructed on a mobile

trolley was equipped with a mixing and slurry feeding system, The mixing system consisted of

a 373 Watts (1/2 HP) motor equipped with twin turbine impellers at a 30" pitch. The slurry teed

, pump (Pump D) was a positivedisplacement pump which delivered 20 liters/rainat atmospheric

pressure, and was capable of providing both the feed slurry flow and constant recycle (Stream

12) for the portable slurry tank, A peristaltic pump (Pump E) located adjacent to the high-shear
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vessel was used downstream of the main slurry feed pump to provide tor a steady coal slurry

feed rate (Stream 4). The remaining stream of coal slurry was recycled past the hlgh-shear

vessel back to the slurry holding tank (Stream 12) to help ensure constant mixing.

2.3.2 High-Shear Mixing System

The high-shear mixingsystem (Vessel H) consistedof three components:

o High-shear vessel

o Mixer

o Heptane pump

The high-shear mixing vessel was fabricated from 6.3 rnm (1/4 in) cast acrylic pipe, and was

equipped with a sealed top flange, and a mechanical seal for the mixing shaft. The vessel was

127 mm (5 in) in diameter, and 350 mm (14 In) in height, and had a 300conically shaped bottom.

The discharge from the high-shear vessel was located at 250 mm (10 in) from the bottom, and

had an operating volume of 1000 ml at 2000 rpm's.

The mixer had a 373 Watt (1/2 HP) totally enclosed, fan cooled (TEFC) three phase motor

(Motor G) and was equipped with a twin turbine impeller mixing shaft. The impellers were 90 mm

(3,5 in) in total width, and 13 mm (1/2 tn)in total depth. The bottom impeller was located

approximately 25 mm (1 in) from the bottom of the vessel, and the top impeller was located

approximately 13 mm (1/2 in) from the bottom of the discharge. The motor was connectr d to an

explosion proof main power switch and variable speed controller, both of which were located

inside the operating cell. Ali wiring was rated explosion proof.

The heptane pump (Pump I) was a positive displacement piston pump with variable speed and

stroke length control. The pump was a TEFC three phase pump and was equipped with an

explosion proof power switch and speed controller. Heptane was added to the bottom of thej

high-shear mixing (Stream 5) vessel nearest to the action of the bottom impeller as practically

possible. The heptane pump was equipped with a pressure relief valve and was connected to
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a sealed em_rgenm/reservoir (VesselK). The heptane leed source was containedin a sealed

pyrex reservoir(VesselJ) with a constantmassread out loadcell to monitorheptaneaddition,

2.3.3 Separation System

The separation componentconsistedof a vibratingsieve bend (Item L). The sieve bend had a

total availablesurfacearea of 0.0504 m_,and an operatingsurface area of 0,0336 m_. The total

sieve bend width was 0.18 m, and the length, (accountingfor curvature)was 0,28 m, The

operatingwidth, however,was 0.12 m as flowrestricterswere Installedon the sievebend to study

the flow characteristicsof the heptane agglomerates, The sieve bend openings were 125

microns, The vibration source was suppliedby standard air pressure of 45 psi, and was

controlledby a pressureregulatorto about25 psi. The placementof the vibrationsourcedirectly

onto the sieve bend resulted in a proper operation of the sieve bend, as the heptane

agglomeratestendedto bounceon the sievebend,whichdiscouragedpluggingof theopenings,

Hence, the sievebendcouldbe operatedfor extendedhours(8 to 30 hours)withoutany concern

of the openingsblindingwith agglomerate product. The sieve bend was vented to bultdlng

exhaust (Stream 11),

The sieve bend wascompletely enclosed,with a stainlesssteel bottomsupport,and a clear c,ast

acrylicplate assembly over the topof the unit. Ali the seams of the enclosurewere sealed with

neoprene gaskets and siliconsealant, The sieve bend enclosurewas vented to allow for the

vibration air source to release into the research cell exhaust system. The productcollection

system consistedof a 100 mm ball valve (Item M) to isolatethe sievebend during the changing

of the collection containers, and a 100 mm Can Lock valve system to facilitate the rapid

interchangeof productcollectioncontainers(Vessel N). The productcollectionsystemand sieve

bend enclosureprovedto be veryeffective,as the heptaneunitwas operatedtor extended hours

without any noticeablelevels of heptane vapors.

2.3.4 Tailings Handllng System

The tailings handling system consisted of two settling chambers (Vessels Q and T), fabricated

from two 45 gallon sealed plastic barrels, and a tailings pump (Pump S) equipped with a pressure
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controlswitch (Item R). The tailingsstream (StreamB)reportedby gravityvia a three-wayvalve

into the first settlingbarrel, In this barrel thetallings solidswere permittedto settle from the

stream. The pressureswitchactivatedthe tailingspumpwhen about 50% to 60% of the barrel

volume became full, The secondary tailingsstream (Stream 9), now substantiallyreduced in

solidscontent,was pumped to the second settlingchamber (Vessel T), The water phase was

then disposed to the municipalsewer systemIn Devon after further sedimentationin a three

chamber solidssettlingsystemavailableat AlbertaResearchCouncil. The tailingssolids,settled

in both barrelsettlingchambersfrom thebench scalesystem,containedhigh levelsof heptane

and requiredhazardouswaste disposalprocedures.

The tailings sample collection system consisted of a three-way valve connection to a 4-11ter

sample collectioncontainer(Vessel O) andthe primarytailingsbarrel. Thisvalve was normally

closed to the sample collectioncontainer,and the tailings(Stream 8)reported by glavity to tile

primary tailingsbarrel, Whena testingperiodbegan,the tailingsstreamwas immediatelydiverted

to a 4-litersample collectioncontainerfor the 10 minuteinterval, Once tile time had elapsed, the

stream was Immediately divertedto the primarysettlingbarrel, and the sample containerwas

covered and sealed immediatelythereafter.

2.4 20,kg/hr Continuous Low-Shear Operation

A 20 kg/hr capacity continuouslow-sheartesting unit was assembled to carry out small scaletow-

shear agglomeration tests in a continuous mode of operation. A schematic flow diagram of the

continuous unit is shown in Figure 2-9,

Main equipment of the continuous low-shear unit is a high-shear mixer and a low-shear mixer.

The high-shear mixer has a volume of 15 liters with a variable speed Ughtntn mixer drlvlng two

impellers. The low-shear mixer has a volume of 65 liters and has a single 4-blade paddle type

impeller driven by a Llghtnin variable speed mixer, Both mixing vessels are equipped with 4
vertical baffles.

Other equipment of the continuous low-shear unit include a coal slurry metering pump, a diesel

oil metering pump and a binder rneterlng pump. The coal slurry metering pump is a 9.5 mrn
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(3/B") diameter Jabsoo flexible Impeller centrifugal pump, Tile pump Is driven with a variable

speed motor for flowrate adjustment, The diesel oll metering pump Is a Martow-Watsonperistaltic

pump with adjustable speed for flow control. The binder metedng pump is a Bran & Luebbe

posltlve displacement pump coupled with a variable speed drive,

Under continuous operationof the unit, coal slurry from the slurry tank is pumped to the high-

shear mixer at a controlled rate using the coal slurry meterlng pump, Ustng the diesel metering

pump, diesel oll is added to the stream of coal slurry entering the hlgh-shear mixer. Slurry from

the hlgh-shear mixer discharges directly Into the low-shear mixer, Binder is added to the low-

shear mtxer using the binder metering pump. Product from the low-shear mixer is screened and

discharged Into 200 liter barrels,

2.5 _!nteclratedAqqlomeration Testing Facl!lW (IATF)

The IATF was utilized to perfoml 250 kg/hour testing with Upper Freeport coal. The IATF is

divided Into five major circuits, These circuits are categorized below, and their process

arrangement is provided in Flgure 2-10, the Process Schematic tor the IATF.

o Coal Slurry Preparation

o Mlcroaggtomeratlon or High-Shear Mixing

o Mlcroagglomeration Separation by Flotation

o Macroagglomeratlon or Low-Shear Agglomeration

o Dewatering and Tailings Handling

2.5.1 Coal Slurry Preparation

The coal slurry preparation circuit consists of coal grinding, coal classification, and coal slurry

equalization, The grinding consists of an Allls Chalmers Rod Mill,610 mm in diameter, 1120 mm

in overall length, "]'hemill is enclosed and insulated for noise reductionand safety requirements,

The Rod Mill has a 7.5 kW (10 HP), 575 V drive system, and operates at 3B rpm delivering 250

kg/hour, Grinding is performed at 50% solids concentration. ']he rodcharge isvaried depending
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on the coal and desired grind size and dlstdbution,and can be varied up to a 500 kg rod charge

mass, The rod diameter dlstdbutloncan also be varied to affect the size distribution, The

residencetime is estimatedto be about 10 minutes,and the power requirementswere measured

to be 6.5 kW undernormaloperatingconditions,The IATF is also equippedwith a ball mill for

extra fine grinding,however, this untt operationis not a circuitcomponent, The rod mill feed

weigh belt conveyor ts equipped with dual load cells, Feedback process _ontrol is used to

ensuresthe coal feed rate is accurate. The weightbelt is 150 mm in width,and uses a 0,25 kW

(1/3 PiP)AC ddve, The coal hopperIS 1 cubic meter (35 cuft) in capacityand is equippedwith

a 115 V vibrator, The coal hopperis equippedwith a 89 mm screw feeder to deliver coalto the

weigh belt and requires a 0.75 kW (1 HP) variableDC ddve motor.

The coal classification equipment consists of vibrating inclined screen which cuts the rod mill

discharge at 0.6 mm, The screen is 305 mm Inwidthby 760 mm in length, The sateenoverflow

reportsto a coarse recycle screw augerwhich deliversthe oversize coal back into the rod mill

whichproduces a closedloop grindingctrcutt. The milldischargeis deliveredto the classifying

screen by a Mtnproverticalsump pump,which has a 1800 kg/hr capacityand is equippedwith

a 2.25 kW (3 HP), 575 V drive system.

The classifyingscreen underflow is deliveredto a 700 liter coal slurry equalizationtank via a

Minprovertical sump pump, which has a 1800 kg/hrcapacityand is equipped with a 2.25 kW (3

HP) and 575 V drive system. The under/lowis diluted to 20% solids priorto deliveryto the

equalization tank. The equalizationtank is equippedwith a 1.12 kW(1.5 HP) singleImpellerGrey

Lightnlnagitator,which is operatedat 350 rpm. The tank is alsoequippedwith a 2.25 kW (3 HP)

575 V Galigher circulationpump. The slurry delivery pump, which feeds the high-shear and

flotation systems, is a 1.5 kW (2 HP), 208 V, Sala variable speed horizontal pump. Ali coal slurry

lines throughout the plant are 19 mm in diameter, and the estimated velocity isabout 0.7 meters

per second. The slurry deliver system is equipped with a feed back process control circuit

consisting of a slurry flowrate and nuclear density meter to measure volumetric flowrate and slurry

solids concentration. The flow rate signal reports to a conlputer controller which regulates the

. 0 delivery pump speed, while solids concentration adjustments are manually controlled by operator,
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2.5.2 Microagglomeratlon or High-Shear Mixing

The microagglomerationsystemconsistsof two high-shear mixers,each with 58 liter capacity,

316 mm indiameter. The mixersare topfed andbottomdischarged,and are equippedwith 3.75

kW (5 HP) 208 V, mechanicallysealed vadabie speed Grey Lightnindrives. Each mixer is

equippedwith two impellers,impeller, impeller 1 havinga 114 mm diameter axial design,and

Impeller2 possessinga 102 mm diameterradialdesign. The typicalresidencetime is about 4

minutesper stage,and the operationrpmis 1750. The power requirementsare 3.5 kW under

operatingconditionsand 0.8 kW when the mixeris empty. The mixingpowerdelivered to the

slurryis estimatedto be 45 Watts per liter.

The agglomerant feeding system suppliesbinder for both the high- and low-shear mixers.

Agglomerantis added usingtwo Bran& Luebbepositivedisplacementpistonpumps,rated with

0.37 kW (0.5 HP), 208 V drive systems,and a maximumcapacityof 830 gramsper minuteeach.

The agglomerantpumpsare controlledusingadjustableAC speed controllers. Flowratesinto

boththehigh- and low-shearmixersare measuredformass flowrateand loggedto the computer

controland data acquisitionsystem. The agglomerantreservoirhas a 200 litercapacity,and is

equipped with a 0.25 kW (0.33 HP) air powered agitator. The reservoiris heat tra_ed tor

temperaturecontrol. The normaloperatingtemperatureis about 2°C,unlesshigherviscousoils

are being used.

2.5.3 NlicroagglomerateSeparation by Flotation

The separationstage {onsists of a bank of flotationcells and the secondstage flotationunit. The

flotation bank consists of six Denver cells, with a total volumetric capacity of 500 liters, and

adjustable froth skJmpaddles. The agitation system consists of three 2.25 kW (3 HP) 575 V

drives operating at 800 rpm, with one drive per ,_,voagitators. The power' consumption of the

agitation system is about 12 Watts per liter during normal operating conditions. The flotation

machine can be operated with six or three cells, and the flotation cell slurry concentration can be

• varied. The hydraulic retention time will vary from about 7 to 15 minutes, depending upon the

slurry concentration. The product phase reports by gravity flow to the second stage flotation, and
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the middlings also report to the tailings treatment circuitvia gravity. Frother addition is achieved

using an adjustable peristaltic feed pump system,

The secondstage flotationunitconsistsof three zones, the washingzone, the flotationzone, and

the settling zone. In the washing zone, the froth from the Denver flotation cells reports directly

to the surface of the washing zone, where the froth is washed with high penetration washing

sprays. The spray action serves to rellberate any attached pyrite particles, and causes them to

report to the settling zone. The settling zone is equipped with a vortex stabilizer and baffle

system which serves to promote the downward migration of the heavier ash and pyrite rich

particles. The flotation zone serves to recover the combustible matter and is equipped with a

Denver type air induceu flotation agitator system. The mechanism is equipped with a 1.5 kW (2

HP) 208 V variable speed controller and height adjustment. The product phase is removed with

a variable speed froth paddle, which reports to the product pump. The product pump delivers the

slurry to the low-shear mixer via a Minpro 2.25 Kw (3 HP) 575 V vertical sump pump. The tailings

stream discharge from the second stage flotlation is controlled by using a Jabsco centrifugal

pump with an operating capacity of 15 kg/hr at nominal pressure. The settling stream report to

an accumulation system by gravity flow through a 50 mm settling line (see Figure 2-11). Ali

tailings lines throughout the plant are 25 mm in diameter.

2.5.4 Macroagglomeration or Low-Shear Mixing

The macroagglomeration system consists of two low-shear mixers. The first low-shear mixer has

a 360 liter operating capacity and is equipped with top discharge to the second mixer. The mixer

is a 15 kW (20 HP) 575 V drive, and operates at 575 rpm with a nominal residence time of 26

minutes. The impeller is a four bladed radial system, 330 mm in diameter. Additional binder is

added to low-shear mixer' 1. The power requirements were measured to be about 13.5 kW during

operating conditions, and 4.5 kW when empty. The power delivered to the slurry was estimated

to be about 25 Watts per liter. Mixer 2 has a volume of 725 liter and a nominal residence time

of 52 minutes. Total residence time for two mixers is about 78 minutes. Mixer 2 is also equipped

with a top discharge and delivers the macroagglomerates to a dewatering screen located directly

below. Mixer two is equipped with a 15 kW (20 HP) 575 V drive system, and a 425 mm diameter

four bladed radial impeller, which operates at 370 rpm. The power requirements were measured
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to be about 16.1 kW duringoperatingconditions,and 4.5 kW when empty. The power delivered

to the slurry was estimated to be about 11 Watts per liter,

2.5.5 Dewatering and Tailings Handling

The dewateringsystem consistsof a 122 cm diameter vibratingdoubledeck Sweco drain and

rinse screen, The top screen cuts at 0.7 mm and the second at .35 mm. The water and ash

phase report the tailings treatment circuitand the product reports to 200 liter product collection

barrels. The tailings streams are collected in a six compartment, 7000 liter capacity

sedimentatior,tank system. The plant is also equipped with a I..ancysludge thickener and Lancy

corrugated plate separator for operation under dosed circuit water.
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Figure 2-5 Denver LaboratoryFlotationMachine
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3.0 EXPERIMENTAL PROCEDURES FOR BATCH AND CONTINUOUS PROCESS
TESTINGS

The operational procedures used for batchand continuous testings are described In thissection,

3.1 Batch Scale Testlnq

Batch scale testingtnTask 5 examinedagglomerationprocessperformance using both diesel and

heptane as agglomerants, Due to the different nature of these agglomerants and various

methods used for mlcroagglomerate separation, distinct procedures were developed and

examined in the Task 5 test prograrn,

In addition, the procedures used for pelletization, agglomerant emulsification In high-shear, and

wet grinding of samples for agglomeration are also summarized,

3.1.1 Sample Preparation

In the batch testing program there were essentially three categories of samples:

(a) The dry.crushed sample of nominal 1 mm top slze,..andapproxlma!ely lO_kq__q__

Preparation of this sample was done by crushing the original 19 mm x 0 bulk sample, weighing

approximately 12 kg, to a nominal 1 mm top size using a jaw crusher and disk pulverizer in a

multi-stage process, This sample formed the batch sample from which the Individual

agglomeration test sarnples were taken,

(b) Individual Test Samples

The entire 10 kg sample was mixed by rotating the plastic pall end-over-end several times, The

pall was then opened and manually stirred, A scoop was ttlen used to take the required sample

amount, typically as one increment, Actual sample weight was determined beforehand and

moisture had to be accounted for tn order to obtain the weight on a dry basis, Excess of sample
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in the scoop was returned to the sample pall which was immediately sealed. This procedure was

repeated each time a fresh sample was _'equtred.

Revised Procedure for Obtainin.q Samples for Batch Aqqlomeration Tests

Commencing with Batch 6 of the Task 5.1 coals, the procedure for obtaining the individual

samples for wet grinding was changed.

The nominal minus 1 mm batch sample was obtained in the same manner: crushing of the

nominal minus 19 nim material, screening at 1.18 mm, recrushing the oversize, etc. The entire

crushed sample was then homogenized by rolling on a large plastic sheet. The homogenized

sample was then riffled into 16 samples of approximately 800 grams each, The 800 gram

samples were sealed in plastic jars and stored at 4°C. Every fourth jar was subsampled and

analyzed for comparison with the composite head sample.

For agglomeration test a fresh sample was obtained by selecting a jar at random. Each jar

contained sufficient amount of coal sample for a certain number of tests (i.e., enough sample for

four tests of 20% solids concentration). The coal remaining in the jar was discarded once there

was less than the amount required for the test with the lowest solids concentration.

(c) Microaqcllomerates and Reiects Samples

Typically, these samples were filtered, dried at 40°C, and then weighed. The quantity of rejects

was usually too small for subsampling so the entire reject sample was sealed in a small sample

container and sent for analysis. The dried microagglomerates were usually subsampled by taking
i

10 to 20 small increments from a homogenized sample. Ali samples were sealed to prevent

changes in moisture content.

3.1.2 Sample Grinding for Agglomeration Tests

The feed for wet grinding consists of the nominal minus 1 mrn dry crushed coal. The wet grinding

procedure is as follows:
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o Place 1.8 kg of grinding medium, typically 1.3 Cm x 1.3 cm zirconia cubes, in
porcelain ball mill of 1.1 liter capacity,

o Add water to the mill in the amount equal to the weight of coal on an as-received
basis.

o Place mill on rollers and begin milling at 97 rpm.

o Select the milling time based on grinding calibration data for a particular coal size
and solids concentration.

o Open mill and pour entire contents onto screen with openings of sufficient size to
allow coal to pass while rmaining grinding medium (i.e., 6 mm openings),

o With wash bottle, wash coal from inside of mill, from lid, and from each grinding
cube. Similarly, wash screen surface,

o Transfer coal slurry into agglomerating vessel.

o Use as little amount of wash water as possible in order to ensure that the final
solids concentration in the agglomerating vessel is not less than that
predetermined for the agglomeration test.

The amount of the sample required for an individual wet grinding test was predetermined on the

basis of total coal/water slurry weight in agglomeration vessel and working solids concentration.

They were as follows:

Total coal/water slurry 800 g

Feed for wet grinding at
solids concentration:

/,j,
,'qt

20% 160 g (db)'
15% 1
10%

5% 40g (dh)

3.1.3 Agglomeration Procedures

Agglorneration was done in either the ARC 1-1itervessel or the Waring Blender, depending on the

test conditions. The procedure was essentially the same for each vessel.

3-3



High-shear:

o Dilute wet ground slurry to desired solids concentration, i.e., 5% or 20%.

o Weigh out appropriate quantity of agglomerant based on dry solids.

o Set impeller rpm, at 1000 - 2400 (ARC vessel), or 14000 (Waring Blender).

o Add agglomerant and agitate for 0.5 - 4 min, as predetermined for the particular
test.

o Ernpty contents of agglomeration vessel into appropriate agglomerate recovery
vessel or screens.

Low-shear:

o Add recovered agglomerates to ARC agglomeration vessel and dilute to desired
solids concentration,

o Weigh out appropriate quantity of binder based on initial dry solids used in high-
shear step.

o Set impeller at 2000 rpm.

o Add agglomerant and agitate for 1 minute.

o Set impellerat 1800 rpm and agitate for 16 min or longer as required for low-shear
kinetics study.

o Pour contents of vessel onto screen.

3.1.4 Procedures Used for Microagglomerate Recovery

3.1.4.1 Flotation for Heavy and Light Agglomerants

Flotation was used as a means of agglomerate recovery. The procedure was as follows:

o "Transferthe contents of agglomeration vessel to a 3-1itercell of the Denver D-12
flotation machine.

o Dilute to approximately 10% solids concentration.

o Set impeller at 1100 rpm and open air valve.
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o Manually remove froth until barren.

o If another stage of agglomeration (low-shear)is required, return froth to
agglomerationvessel, agglomerate,transfer the agglomeratesback to flotationcell,
and repeat flotation procedure.

o Combine tailings from both flotation stages.

o Filter the clean coal and tailings, dry at 40°C, weigh and send for analysis.

In this project, most of the tests were carried out using two-siages of flotation subsequent to a

high-shear stage. For these tests, the froth product from the first flotation was repulped for the

second flotation step. rhe second-stage flotation product and the combined tailings from both

steps were then prepared for analysis.

3.1.4.2 Multiple Screens for Heavy Agglomerants

The agglomerateswere generatedunderthe followinghigh-shear conditions:

o Standard1-1iterARC vessel

o 4 minutesresidencetime

o 2000 rpm

o 20% solids

After agglomeration was completed, the contents of the vi sselwere poured onto the top screen

of a set of sieves. The screen designations were dependent upon the feed top size:

Feed topsize 28 mesh x 0 (600 um x 0) 200 mesh x 0 (74 um x 0)

Screen No. 1 28 mesh (600 um) 150 mesh x (106 um)

Screen No. 2 48 mesh (300 urn) 200 mesh (74 urn)

Screen No. 3 150 mesh (160 urn) 325 mesh (45 um)

Pan -150 mesh (160 urn) -325 mesh (45 um)
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The agglomerates retained on the top screen were washed with water which passed through the

two subsequent screens into the pan. Subsequently the top screen was removed and the

washing procedure was repeated for the second and third screen.

The agglomerates were removedfrom their respectivescreens, dried at 40°C, weighed, and then

sent for analysis. The rejects were filtered, dried at 40°C,weighed, and sent for analysis.

3.1.4.3 Single Screens for Heavy Agglomerants

The agglomerates were produced under the following high-shear conditions:

o Standard 1-1iterARC vessel

o 4 min. residence time

o 2000 rpm

o 20% solids

After agglomeration was completed the contents of the vessel were poured onto a screen. The

screens were selected based on multiple screen testing and were as follows:

Feed topsize 28 mesh x 0 (600 um x 0) 200 mesh x 0 (74 um x 0)

Screen 150 mesh (106 urn) 325 mesh (45 urn)

Pan -150 mesh (106 um) -325 mesh (45 urn)

The agglomerates retained on the screen were washed with water which passed into the pan.

For the tests with a subsequent low-shear step, the agglomerates were transfered from the

screen to the low-shear vessel along with fresh water. Binder was then added (based on the

initial coal weight), and the slurry was agitated at about 20% solids for 16 minutes at 1800 rpm.

The low-shear product was then screened and washed using the same screen as for the high-

shear product.
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The agglomerates were removed from the screen, dried at 40°C, weighed, and were sent for

analysis. The combined, low- and high-shear rejects were filtered, dried at 40°C, weighed, and

were sent for analysis.

3.1.4.4 Phase Separation for Light Agglomerants

The agglomerateswere generated under the followingconditions:

ARC Vessel WarinclBlender

Residence time 4 min 4 mtn

Impeller rpm 2000 14000

Percent solids 20,5 20,5

Agglomerant was added using a syringe. After agglomerationwas completed, the contents of the

vessel were poured into the standard 3-1iterseparatory funnel which was immediately sealed.

The separatory funnel was left to stand for 1 minute, after which the bottom valve was opened

and the rejects slurry was allowed to empty into a container. When the phase interface reached

the valve, the flow of rejects slurry was stopped by closing the bottom stopcock valve. About 1

liter of fresh water was added to the separatory funnel which was then manually shaken. The

separatory vessel was then again left undisturbed for 1 minute, after which the bottom valve was

opened and the drainage procedurewas repeated. This process was repeated three times using

approximately 1 liter of fresh water in each sequence.

The agglomerates were removedfrom the separatory vessel, filtered,dried at 40°C,weighed, and

were sent for analysis. The same procedure was followed for the reject slurry.

For'tests with a subsequent low-shearstep, the agglomerateswere removed from the separatory

funnel, and transferred to the low-shear vessel along with fresh water, Then the binder was

added, and the slurry was agitated for 16 minutes at 1800 rpm. The low-shear product was

screened, dried at 40°C, weighed and was sent for analysis.
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3.1.4.5 Screening for Light Agglomerants

The followingconditionswere usedforagglomerateproduction'

ARC Vessel _WarinqBlender

Residence time 0.5-4 mtn 4 mtn

Impellerrprn 1000 - 2400 14000

Percentsolids 5,10,15,20 20,5

Agglomerantwas added using a syringe. After agglomerationwas completed the contents of the

vessel were poured into the separatory screening vessel which was immediately sealed. The

bottom valve was opened and the reject slurry was allowed to empty into a container.

As the reject slurry was drained from the vessel, the product was collected on the 106-micron

screen. An additional minute was then allowed to ensure drainage of rejects from the interstices

of the mass of agglomerated product (this additionaldraining was the primary difference between

this screen recovery process and phase separation). Approximately 1 liter of fresh water was

then added and the vessel was swided around and drained again in the same manner. This

process was repeated until the product had been washed 3 times. The combined washings and

the product were filtered, dried, weighed, and sent for analysis.

For tests with a subsequent low-shear step, the agglomerates were removed from the screen,

transferred to a low-shear vessel along with fresh water, then the agglomerant was added, and

the slurry was agitated for 16 minutes at 1800 rpm. The low-shear product was then screened

and washed using an appropriate screen, dried at 40°C, weighed, and sent for analysis. The

rejects are filtered, dried at 40°C, weighed, and then sent for analysis.

3.1.5 Pelletizing

Pelletizing was used for size enlargement of the diesel products.

Pelletizing procedure:

3-8

D

i



o Place the moist coal cake from the pressure filter on a 6 mesh screen and rub lt
through to obtain a fluffy feed for pelletization.

o Place the prepared feed in a pelletlzing drum and tumble at a rotational speed of
40-50 rpm for 10 mtn, Spray occasionally with water tn order to adjust the feed
moisture, if required, for better pelletization,

tf the influence of any binder was to be investigated, lt would be mixed with the moist coal feed

for 5 mln. prior to the above mentioned procedure,

3.1.6 Agglomerant Emulsification

A series of tests was carried out with emulsified agglomerants in the high-shear stage.

Emulsions were prepared using the following procedures:

Heavy agglomerant:

o Weigh out appropriate quantity of agglomerant required for one test.

o Dilute with water in ratio of 1:20.

o Emulsify for 5 mln using equipment described in 2.1.8.

o Add directly to agglomeration vessel.

Light agglomerant:

o Weigh out appropriate quantity of agglomerant for one test.

o Dilute with water in ratio of 1:10.

o Emulsify for 5 min.

o Add directly to agglomeration vessel.

3.1.7 Grinding Calibration

The grinding calibration was performed for ali project coals to define the wet grinding conditions

in order to produce the following size samples:
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Coal feed size: dso(urn)

28 mesh x 0 125 + 5

100 mesh x 0 60 +_5

200 mesh x 0 25 + 5

oversize fraction .(_.5%

Wet Grinding Procedure:

o Weigh out appropriate quantity of a given coal as required for an individual test at
defined solids concentration and add lt to the ceramic jar mill containing known
amount of zirconta cubes.

o Add equivalent amount of water to achieve coal/water ratio of 1:1 on an as-
received basis.

o Close the jar m_ll,place it on rollers and tumble at 97 rpm for a specified period
of time.

o Empty the contents of the jar mill on to the screen, the size of which is defined by
the top size of the coal used for the experiment, and wet screen it.

o Dry the top fraction, weigh lt to determine the amount of oversize, and perform the
appropriate size analysis.

o Filtrate the bottom fraction, dry, weigh and subject to appropriate size analysis.

If the size analysis indicates that the wet milling product is coarser or finer than required for the

test, the grinding time is increased or reduced accordingly. This trial-and-error method is

repeated until the desired product size analysis is achieved.

3.2 Bench Scale Diesel Continuous Testincl(5 Kcl/hr)

3.2.1 System Operation

Various components of the continuous testing unit were calibrated prior to actual experiments

defined in the test plan. The calibration data of the ball mill screwfeeder, grinding, diesel delivery
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pump, the air flow rates at various rpm of the flotation cell are presented In Appendix 2,

Volume 2.

In the coal slurry feed system, a calculated flow of a 30% coal slurry was routed to the

conditioning vessel, The remainder of the coal slurry was recycled back to the mobile slurry

holding tank, Dilutionwater was added at this point to produce a coal slurry of 20% solids In the

conditioning vessel,

The diluted coal slurry from the conditioning vessel was fed to the high-shear agglomeration

vessel for processing. To Improve the mixing behaviour, the Inlets for the coal slurry feed and

diesel were located at the bottom of the high-shear mixer. Total diesel consumption was

monitored during the experiments. Different high-shear vessels were used to study the effect of

residence time, These vessels are described in Section 2 of this task report.

The mlcroagglomerateswere recovered in the flotation cell. Solids concentrations in the froth cell

were adjusted by adding dilution water from two spray nozzles. Frother (MIBC) was added as

required. The froth levelwas primarilycontrolled by tailings discharge and secondarily by the rpm

of the froth skimmer. Second stage flotation was performed In the separate unit. In order to

disengage the entrained mineral matter in the froth of mlcroagglomerates,deep penetrating spray

nozzles supplied regulated quantity of water to this unit.

3.2.2 Operating Conditions and Sequence of Operation

The operating conditions of the continuous pyrite removal unit (CPRU) for the Task 5 program

are tabulated in Table 3-1.

3.2.3 Sampling

During a typical test, the following samples were taken:
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Feed Sample: 3 samples at the beginning; 2 at the end of a test run or between
set points to determine aoal feed rate; 1 sample was u_ed to
determine the solids % of the samples and another was used to
determine the particle size distribution,

Produa',Sample' Both the first and second stage flotation products were sampled for
product aharaotertzatlon,

Tatllngs Sample: 4 tailings streams were sampled during a test run, These were:

, o Flotation cell tailings (FCT)
o Flotation cell settled solids (FCS)
o Second stage flotation tailings (SSFT)
o Second stage flotation settled solids (SSFS)

Table 3-1

GENERAL OPERATING CONDITIONS OF CPRU

Conditioning vessel agitator rpm 850 • g00
High-shear slurry solids concentration, % 20
High-shear rpm 2000
Flotation cell rotor rpm 1150
Flotation skimmer rpm 20 + 2
Second stage flotationunit rotor rpm 1150
Second stage flotation unit ingesting air, m=/mln 0,83 m_/mln
Second stage flotation unit skimmer rpm 50 + 5

SEQUENCE OF CPRU OPERATION

Pre-test Adjustments
.... (rnln) _

1 Adjustment of slurry feed rate 30

2 Collection of slurry feed samples 10

3 Adjustment of frother and oll
Injeetlon rates 15

Test Run Time

(mtn)

4 Start of set point #1 0

5 Establish steady state conditions 45

6 Second stage flotation product #1 45 - 55

7 Flotation cell product #1 60- 70
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Table 3.1 (Oontlnued)

' SEQUENCE OF CPRU OPERATION

Test Run Time

R Set point #2 oll and frother adjustment 70.80

9 Establloh steady state conditions .90. 125

10 Second stage flotation produot #2 125 • la5

11 Flotation ¢_ellproducrt#2 140. 150

12 Set point #3 oll and frother adjustment 150. 160

13 Establish steady state condition 160. 205

14 Second stage flotation produot #3 205.215

15 Flotatlon oell produot #3 220. 230

16 Coller.,'tionof slurry fetal sample 230. 240

Note', Similar prooedure followed for ali tests with more than 3 set points,

3.3 H.._.ptaneBench_ Experimental Procedure

3.3.1 Start Up Procedures

The initialoperatingprocedurerequiredthe coordinationof three systems:

o Coal slurry feed system

o High-shear mixing system

o Vibratingsieve bend

The coal slurry feed systemfirst involved coordinating the delivery of the feed slurry for each test

matrix, A matrix of test Intervals usually required one or two days for completion. Hence, an

adequate volume of feed slurry was required for each rnatrlx of test intervals to improve the

consistency of the results. The excess slurry was stored In a covered epoxy lined barrel

equipped with a mixing system, The rod mill grinding system was used to generate a 20% coal

slurry for each test coal. Once the test matrix was to begin, the portable mixing system was
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wheeled to the grinding system and the feed slurry was delivered at 20% solids, The portable

coal slurry feed system was subsequently moved back to the bench scale system located just

a short distance away, The agitation system and circulation centrifugal pump was started

Immediately to ensure the slurry remained thoroughly mixed and samples were extracted for

percent solids determination of the feed slurry.

Prior to any testing, the sieve bend was started and Inspectedfor lea;_, The portable coal slurry

feed system was then connected back into the bench scale systern and the test began by

re-calibrating the coal slurry feed rate to the high-shear mixer, Several measurements were

continued for approximately 30 mtnutes to increase the confidence In the feed rate

measurements.

During these measurements, the high-shear and sieve bend water flow rates were re-determined

based upon the previous calibrations and additional measurements, Typically, three water flow

rates were required with each testing matrix, hence, ali three set points required were usually

confirmed during this period, ending with the first set point required by the test rnatrlx, The high-

shear water flow rate and the feed slurry flow rate measurements were compared to the target

conditions. If they were not sufficiently accurate, adjustments were made to correct the

discrepancy.

Once the water and solids feed conditions were well established In the high-shear mixer, the

heptane feed rate was re-determined based upon the previous calibration plots and additional

measurements. The heptane reservoir was located on a Icsd cell, hence, highly accurate

heptaneadditions could be achieved. Once the heptane addition levels were confirmed, the test

was ready to begin.

At this potnt, the high-shear mixer was started and ali flow streams were added simultaneously;

this Included the feed slurry, the high-shear water addition and the heptane addition. Once the

level In the high-shear mixer achieved about 50 mm, the speed of rotation of the mixer was

Increased to 2000 rpm and the vibration to the sieve bend was started. The testing program then

began, and followed the sequence of action items described In Section 3.3.2 - System Operation.
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3.3.2 System Operation

Each test Intervalwas fifty minutes in duration and was dtvlded Into three periods: a thirty minute

stabilization period, followed by two 10-minuteproduct yield periods° Theexperimental procedure

Is described as follows:

o Measure coal slurry feed rate In duplicate or triplicate, saving the samples
extracted to generate a composite feed sample of the test matrix,

o Implement the set point changes to the high-shear water flow rate and measure
the final rate In at least duplicate,

o Implement the set point changes to the high-shear heptane concentration and
measure the final rate to confirm additions,

o Adjust the sieve bend water rate to the final level and measure the rate In
duplicate to confirm the accuracy,

' o Allow 30 minutes of operation to reach steady state condltlons, Two product
sample containers were labelled and tared for the yield pertods durlng tiffs time,

o When 30 rntnutes of operation tlad elapsed, and observations Indicated no
operational problems existed, the yteld periods began and a product sample was
extracted in duplicate, each with a testing Interval of 10 mtnutes.

o At the same 30 minute time, the heptane load cell mass was recorded. Once the
10 mtnutes had elapsed, the final heptane load cell mass was recorded to
determine the final mass of heptane used. The load cell mass was recorded
again at the end of the second testing Interval to ensure the same heptane
addttton occurred over both yield periods.

o Once the product samples were collected, they were securely sealed to maintain
their Integrity, and the total slurry masses were recorded Immediately, The
samples were then transported to the laboratory preparation facility, where the
samples were etther prepared for laboratory analysls, or stored for future
consideration,

o A sealed disposable product collection container was then re-positioned Into place
for the stabilization period,

o After both product samples were collected, a 2 to 4 liter sample of the high-shear
product was collected Irl a sealed container to suppo_ any further batch testing.

J
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o Ali set point changes were then implemented into the apparatus and the system
was allowed to op_;Tateuntil steady state conditions once again prevailed within
the apparatus.

3.3.3 Product and Tailings Sampling

o When the testing interval was to begin, and the product isolation valve (50 mm
ball valve) on the sieve bend was closed, the testing interval stop watch was
started simultaneously. The product collection container was attached to the sieve
bend product discharge via the sealed can-lock quick couples, and the isolation
ball valve was then immediately opened to the oontainer.

o After the 10 minute testing interval had elapsed, the product isolation valve was
closed anc_ the first testing interval sample container was removed and
immediately sealed, and the second container was positioned into place and the
valve was re-opened. Once the second product was collected, the valve was
again closed and the second testing interval container subsequently removed and
sealed.

The large Isolation ball valve and quick couples allowed for the rapid change over
from one testing interval to the next, or to and from the stabilization period without
any sample loss, or disturbance in the system. Both total slurry masses were
record,_,3d,and either both samples were directed fGr sample preparation, or one
was :_er,t for storage.

o The tailings sample system consisted of a three way valve. When a tailings
sample was required, the valve was turned to the sealed tailings collection
container. Once the testing interval had elapsed, the tailings were diverted back
to the primary settling chamber by turning the three way valve.

3.3.4 Sample Preparation Procedure ,,

In general, the following procedure was used for sample preparation.

o The samples were transported to the laboratory preparation facility.
o Ali personnel operating in the laboratory facility were supplied with activated

carbon breathing masks,which they wore during the entire preparation procedure.

o The sample was initially emptied from the collection container into a pressure filter
where the majority of the water was removed from the sample. The water stream
reported to a sealed epoxy lined barrel, equipped with a small vent line to allow
the pressure to escape.
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o After filter pressing, the sample was then transported to oven where the remaining
moisture and heptane were removed. After drying _')r approximately 24 hours at
between 55 and 60°C the sample was allowed to equilibrate for 24 hours, and then
prepared and submitted for analysis,

o The drying oven was explosion rated and operated on the principal of circulating
air in a complex arrangement of baffles. The exhaust from the oven was reported
to a sealed barrel condenser, where the major amount of the heptane and water
were permitted to collect. The remaining heptane emission was captured as the
exhaust passed through an activated carbon filter before being released to the

ambient exhaust system.

3.4 Continuous Operation Low-Shear Tests

3.4.1 Preparation

Coal sample was prepared for the continuous low-shear tests using the 1/4 TPH IATF rod mill

grinding equipment. Precrushed coal with a top stze of 12 mm was fed to the rod mill and ground

to obtain either 28 mesh or 100 mesh grind size. Coal was ground at specified solids

concentration and stored irl an agitated slurry tank in sufficient quantity to carry out 1 to 2

continuous low-shear tests.

3.4.2 Binder Preparation

Asphalt AC-5 and Cold Lake Bitumen (CLB) were used as binders in the continuous 10w-shear

tests. Two blend ratios of 1:1 and 3:1 by weight of AC-5 and CLB to diesel were prepared for

the tests. The blends were prepared by heating the AC-5 asphalt and Cold Lake Bitumen to

reduce their viscosity using electrical band-type heaters secured to the metal containers. Diesel

was added to the binders in appropriate quantity to achieve the desired blend ratios and then

stirred until well mixed. The 1:1 ratio blends were able to be utilized at room temperature during

the testing. The 3:1 blends were quite viscous and required hez_ting to about 50 °C before they

could be pumped in the testing unit.
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3.4.3 Test Procedure

The following procedure was used for the continuous operation of low-shear tests.

Coal was ground to 28 mesh or 100 mesh grind size and transferred tothe agitated slurry holding

tank. Solids concentration was adjusted to desired level which was set at 25% for ali tests. With

high-shear and low-shear mixers empty, the flow of coal slurry to the high-shear mixer was

started and adjusted to desired rate using the coal slurry metering pump. The slurry flowrate was

set to correspond to desired residence time in the low-shear mixer. When the slurry flow was

established, the high-shear mixer was activated and diesel addition to high-shear was started.

The flow of diesel was adjusted to correspond to an addition rate ot 1% of the total coal solids

flow. As soon as the high-shear mixer began to discharge into the low-shear mixer, binder

addition to the low-shear mixer was initiated and set at desired addition rate. When the level of

slurry in the low-shear mixer vessel reached approximately 1/3 full, the mixer was activated. The

time at which the low-shear mixer was activated was denoted as "time zero" for the test.

Processing was continuedfrom "timezero" until five volume changesof the low-shear mixer were

completedat the given feed rate. This co_respondedto either 2 1/2 or 5 hours of continuous low-

shear operatien depending whether the low-shear residence time was 30 or 60 minutes,

respectively. Coal slurry, diesel and binder flowrates were monitored periodically throughout the

test. Samples of low-shear product were retrieved at the end of each test.

3.4.4 Product Anatysl,s

Samples of low-shear product were analyzedfor particle size distribution by screening and mean

particle size d5o was determined. Particle size analysis and solids concentration determination

of the coal slurry feed was performed on selected samples to confirm manual coal solids content

measurements and determine d5o for each of the 28 mesh and 100 mesh grind sizes.
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3.5 !nteqrated Aaqlomeratton Test Facility (IATF) - Experimental Procedure

3.5.1 Pre-Test Activities

Some pre-test activities were a standard protocol prior to testing. The instrumentation and

metering systems were ali checked and calibrated at the set points ranges to be utilized during

the test. The mill rod chargewas adjustedas required, by either performing a grindingcalibration

test, or utilizingany existing calibration data for the test coal. Sample containers were labelled

for the test and distributed throughout the sample locations within the plant. Overall test

objectives, conditions, and the necessary sampling program was reviewed with operations

personnel to ensure the run execution was accurate.

Specific pre-test activities for the IATF runs included flotation cell modifications and new

equipment set up. The flotation cell volume was reducedfrom six cells in series to three. Hence,

the effective retentiontime was reducedfrom about 14 minutes to 7 minutes. The equipment set

up included the automated sampling devices and new accumulation vessel systems for the

flotation cells and the second stage flotationunit.

3.5.2 System Operation

Three IATFruns were performed to determine the minimum sampling program required to ensure

reliable results. Each run was performed for 8 hours in which steady state conditions and

process performance were investigated.

3.5.2.1 Sample Locations

The following list describes the sample locationswithin ttle IATF.

o Rod mill feed

o Rod mill discharge to slurry holding tank

o Flotation cell feed

o Flotation cell product
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o Flotation cell tailings

o Flotation cell settlings - the settling sample was collected from the dead zones
within the flotation cells 1 and 3 to decrease the time required to reach steady
State conditions. The sample was collected by gravity flow to accumulation
vessels located directly below the cells.

o Second stage flotation product

o Second stage flotation tailings

o Second stage flotation settlings - the settling sample was collected in an
accumulation vessel located below a specially designed settling z,.ne of the
second stage flotation unit,

o Low-shear product 1

o Low-shear product 2

o Dewatering screen underflow

3.5.2.2 Sampling Program

The summaries of the sampling programs are provided on Tables 3-2, 3-3 and 3-4, and the

following describes the samples extracted. The sampling programfor Runs 1 and 2 were similar,

except for minor discrepancies detailed in the above noted tables, However, the sampling

program for Run 3 was somewhat different. The key differences are discussed in the following.

Sampling Program for Runs 1 and 2

Rod Mill Feed

A composite rod mill feed sample was generated by extracting a 1 liter sample every 10 minutes

for 1 hour to generate a composite sample equivalent to about 1 barrel of feed coal. Samples

were riffled to 1 liter after the end of one hour sampling period for laboratory preparation. The

remaining sample was stored in an air tight container. Discrete 1 liter samples were extracted

every 20 minutes, with two duplicate discrete samples taken during the test, A manual coal feed

rate measurement was taken every 15 minutes, while the automated coal feed rate

measurements were taken continuously by the computer data acquisition system,
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Classlfyln.qScreen Undersize

Compositesamples were collected every hourfor the first four hoursby extracting a 1 liter sample

every 10 nlinutes. During the last four hours, a two hour composite was collected In the same

manner. Discrete samples were extractedevery 30 minutes, with two duplicate discrete samples

extracted at random.
, , i1, ,

Flotation Cell Feed '/,

An hourly composite sample of the flotation cell feed was collected by extracting 1 liter every 10

minutes. A discrete sample was extracted every 20 minutes with two duplicate discretes taken

randomly during the test. Manual measurements o1_slurry flowrate were performed every 15

minutes, and the computer data acquisition system logged both slurry flowrate and solids

concentration.

Flotation Products

One hour composite samples from both the first and the second stages of flotation products were

collected with a sampling frequency of 1 liter every 10 minutes. Discrete samples were collected

every 20 minutes with two duplicate discrete samples extracted at random during the test.

Manual measurements of slurry flowratewere performed from the second stage flotation product

every 15 minutes.

Flotation Tailinqs

Automated sampling devices were commissioned into operation during these runs. The samplers

were programmed to extract a composite 1 liter sample over 20 minutes with a sampling

increment of 100 ml every 2 minutes. Both tailings streams were initially discharged intoseparate

10 liter continuous stirred tanks where the sampler inlet was positioned. The 10 liter capacity

served to dampen any instantaneousdisturbances experienced in the tailings stream. Discrete

samples were extracted every 20 minutes from both stages of flotation tailings streams. Manual
I

measurement of slurry flowrate were performed every 15 minutes, and the computer data

acquisition system logged slurry flowrate.
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Flotation Settlincls

The accumulationvessels and their associatedsampling probes were commissionedduring these

tests. The accumulation vessels were fabricated from clear cast acrylic columns. Every hour,

with the use of quick connections, a separation disk was placed inside the accumulation column

separating the sample being collected intohourly layers. Hence, continuous hourlysamples could

be separated at the end of the run for each of the settling streams. The sampling probes, that

were especially designed and fabricated, permitted a composite sample for each hour to be

collected. The probes were designed to slide into the accumulation column under slight

hydrostatic pressure, and contained a pocket In which the gravity settling solids could collect

without any disturbance in settling velocity. The probes were designed to reach across the entire

diameter of the accumulation column, ensuringa representative sample. Six probe samples were

extracted from each accumulation vessel every hour to generate a composite sample.

Low-Shear Mixers 1 and 2

Hourly composite samples were extracted from each mixer, every hour during the test. The

sampling frequency was 1 liter every 10 minutes to generate a 1 hour composite. The sample

was riffled down to 1 liter for sample analysis, and the remaining sample stored for future

analysis. Discrete samples were extracted every 20 minutes, with two duplicate discretes taken

randomly during the test. Manual measurements of low-shear mixer 2 were performed every 30

minutes.

Dewaterinq Screen Underflow

Discrete samples of the dewatering screen underflow were extracted every 30 minutes, and

manual measurements of rate were performed every 30 minutes.

Sampling Program for Run 3

This run was performed to investigate a reduced sample collection and analysis program, The

reducedsampling program, and the additionof the automated samplers permitted the preparation

ct samples during the execution of the run. Samples from the flotation cell feed, flotation cells

and hydraulic separator were prepared for % solids measurements the same run day. "l"hese

samples could subsequently be prepared for laboratory ash and total sulfur determination the
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following day which decreased the lag time for performancecalculations to be estimated on each

run, Subsequently, only composite samples collected during the steady state periods were

analyzed and the mass balance was determined basedupon these results, If discrepancies were

identified, additional discrete samples were sent for analysis,

Rod Mill Feed

Two hour composite rod mill feed samples were generated by extracting a 1 liter sample about

every 10 minutes for 2 hours, Samples were riffled to 1 liter after the end of the 2 hour sampling

period for laboratory preparation. The remaining sample was stored tn an air tight container.

Discrete 1 liter sampleswere extracted every 30 minutes. A manual coal feed rate measurement

was taken every 15 minutes. Automated coal feed rate measurements were taken continuously

by the computer data acquisition system.

Classlf¥in.qScreen Undersize

Composite samples were collected every two hours by extracting a 1 liter sample every 10

minutes, Discrete samples were extracted every 30 minutes.

Flotation Cell Feed

Two hour composite samples of the flotation cell feed were collected by extracting 1 liter every

10 minutes, A discrete sample was extracted every30 minutes, Manual measurements of slurry

flow rate were performed every 15 minutes, and the computer data acquisition system logged

both slurry flowrate and solids concentration.

Flotation Products

Four one hour composite samples from both stages of flotation products were collected with a

sampling frequency of 1 liter every 10 minutes. Discrete samples were collected every 30

minutes with two duplicate discrete sanlples extracted at random during the test. Manual

measurements of slurry flowrate were performed from the second stage flotation product every

15 minutes.
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Flotation Tailinqs

The samplers were programmed to extract a composite 1 liter sample over 20 minutes with a

sampling increment of 100 ml every 2 minutes. Discrete samples were extracted every 20

minutes from both stages of flotation tailings streams. Manual measurement of slurry flowrate

were performed every 15 minutes, and the computer data acquisition system logged slurry

flowrate.

Flotation Settlln.qs

Every hour, with the use of quick connections, a separation disk was placed inside the

accumulation column separating the sample being collected into hourly layers. Hence, continuous

hourly samples could be separated at the end of the run for each of the settling streams. Probe

samples were extracted from each accumulation vessel during hours 2 to 3, 3 to 4, and 6 to 7

and 7 to 8 to generate a composite sample of the testing Interval.

Low-Shear Mixers 1 and 2

Hourly composite samples were extracted from each mixer every hour during the test. The

sampling frequency was 1 liter every 10 minutes to generate a 1 hour composite. The sample

was riffled down to 1 liter for sample analysis, and the remaining sample stored for future

analysis. Discrete samples were extracted every 30 minutes, with two duplicate dlscretes taken

randomly during the test. Manual measurements of low-shear mixer 2 were performed every 30

minutes.

Dewaterinq Screen Underflow

Discrete samples of the dewatering screen underflow were extracted every 30 minutes,and

manual measurements of rate were performed every 30 rnlnutes.
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4,0 ANALYTICAL PROCEDURES AND STANDARDS

This section describes procedures usc._dfor sample analysis and other supporting functions,

4.1 Size A,nalysts

The procedurevariesdepending on the particle size and methodof preparation, The particle size

distribution of ali feed coal samples dry ground to pass 1 mm, was determined by dry sieving

using standard Tyler series 8" full height (2") sieves, The procedures for coal samples prepared

by wet grinding were as follows:

For 0,6 mm (28 mesh) top size:

o Wet screen at 0,6 mm to remove plus 0,6 rnm partlales

o Filter the minus 0,6 mm particles, dry both size fractions at 70°C, and weigh

o Homogenize and then subsample the minus 0,6 mm fraction by taking small
Increments, to obtain approximately 10-20 grams of sample for sieve analysis

o Dry sieve the two size fractions using sieves of the following openings:

+0,6 mm Fraction -0,6 mm Fraction

1,4OO 0.710
1,000 0,500
0.710 0.355
0.500 0,250
Pan 0,180

0.125
0.090
0.063
0,044
Pan

For 0,15 mm (100 mesh) top size - the above described procedure was repeated with the

exception that the screen size used for wet screening was 0,15 mm,

For 0,074 mm (200 mesh) top size:
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o Wet sieve at 0.074 mm

o Filter the minus 0.074 mm fraction, dry both fractions at 70°C, and weigh

o Dry sieve the plus 0.074 mm fraction with sieves used for the -0,6 mm fraction
above

o Homogenize the minus 0.074 r_m fraction and subsample to obtain about 10
grams for size determination

o Analyze minus 0.074 mm fraction by Grantllometer, (723 Laser Ught Diffraction)
whtch typically gives the size distribution in 16 Increments from 1 micron to 192
microns

4.2 Anal_Yslsof Feed Coals_ Clean Coals and ReecLe..C_

Ali the project feed coals were analyzed for total sulfur content, sulfur forms, calorific value, ash

content and moisture content. The clean coals and rejects were routinely analyzed for total sulfur

content, ash content and moisture content. On a selected basis, the clean coals were also

characterized for sulfur forms and calorific value.

Ali these analyses were performed In accordance with ASTM specifications.

Proximate Analysis: Ftsher Coal Analyzer
(Instrumental Prox.; ASTM draft stage)

Total Sulfur Analysis: Leco SC-32
ASTM D 4239-85
High temperature combustion method with lR
absorption procedure

Form of Sulfur: ASTM D 24,92
(SO,= -> S ICP)
(Pyrite-> Fe ICP)

Calorific Value: ASTM D2015
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4.3 Analysis of Aqqlomerants

Agglornerantswere analyzed for total sulfur content (ASTM D4239-85) and characterized by

density and viscosity.

Density: PAAR Densitometer
Model DMA55

Viscosity: BROOKFIELD SYNCHRO-LECTRIC VISCOMETER

API Gravity was calculated from density by the formula:

API Gravity= 141.5 131.5
density at 15.6°C

4.4 Determination of Brldclin¢lLiquid Content of Agglomerates and Reject

Scope: This method determinesthe bridgingliquid content of cleanedcoal (agglomerates)
and reject.

Summary: The sample of agglomerates or reject is separated into liquid and solids by
refluxing with dichloromethane in a Soxhlet extraction apparatus (Figure 4-1). The
solvent recycles through the extraction thimble to dissolve bridging liquid. The
extractables are determined gravimetrically by determining the solids retained in
the extraction thimble and/or by evaporation of solvent from the dichloromethane
solution of bridging liquid.

Apparatus: Soxhlet extraction apparatus, rotovapor

Reagents: Dichloromethane

Procedure:

o Sample size 30 to 40 g.

o Prior to use, dry extraction thimble for 1 hour at 107°Cand store in a desiccator.

o Weigh the extraction thimble to the nearest 0.001 g, fill with the agglomerate
sample and weigh again to the nearest 0.001 g.
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o Weigh the extraction flask to the nearest 0.001 g, add approximately 250 ml
dichloromethane to the flask. Placethe thimble in the extractor and assemble the
apparatus as in Figure 4-1, ensuring ali connections are vapour tight.

o Apply heat and adjust to maintain the reflux rate such that liquiddoes not overflow
the thimble. Continue refluxing as long as solvent dripping from the thimble is
colourless. Discontinue heating and disassemble the extraction apparatus.

o Removethe thimble from extractor,dry In vacuum at 90°C to constant weight, cool
in desiccator and weigh to the nearest 0.001 g.

o Evaporate the solvent from the dichloromethane solution of bridging liquid, weigh
to the nearest 0.001 g.

o Following the above procedure, performextraction tests for the initial coal sample.

Calculations:

The bridging liquid content of agglomerates is given by:

% Bridging Liquid= 100- Sx100% or
W

% Bridging Uquid = O x 100%
W

Where:

S = weight of dry solids recovered in thimble corrected for coal organic matter solubles,
gm

O = weight of dichloromethane solubles corrected for coal organic matter solubles, gm

W = sample weight, gm

4.5 Determination of Moisture Content of ACl¢llomeratesby Azeotropic Distillation

Scope: This method determines the moisture content of agglomerates.

Summary: The water is separated from agglomerates by azeotropic distillation with toluene.
Condensed solvent and co-distilledwater are continuously separated in a trap, the
water being retained in the graduated section. The moisture content isdetermined
by measuring the volume of water in the trap. The diagram of the apparatus for
azeotropic distillation is shown in Figure 4-2.
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Apparatus: Distillation set-up for moisture determination.

Reagents: Saturated toluene.

Procedure:

o Sample size should range from 30 to 40 g.

o Weigh the distillation flask to the nearest 0.001 g, add approximately 30 to 40 g
of agglomerate sample and weigh again to the nearest 0.001 g.

o Add approximately250 ml of saturated toluene to the distillation flask. Assemble
the distillation apparatus as in Figure 4-2, ensuring ali connections are vapour
tight.

o Apply heat and continue distillation for 60 minutes. Discontinue heating and add
three drops of isopropyl alcohol around the inside rim of the condenser to bring
water droplets adhering to the glass surface of the condenser down into the trap.

o Allow the trap and contents to cool down to room temperature. Estimate the
volume of water in the trap to the nearest 0.05 ml.

Calculations:

The bridging liquid content of agglomerates is given by:

% Moisture = V x 100%
W

Where:

V = volume of water retained in trap, ml.

W = sample weight, grams

4.6 Determination of Heptane Content In Acl_lomeratesand TailinclsStreams

4.6.1 Agglomerates

Scope: This method determines the amount of heptane retained in agglomerates after
thermal drying.

Summary: Heptane agglomerates were spread thinly (1-2 agglomerate thick) on the tray,
placed in the oven and allowed to dry at specified temperature. A small sample
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of agglomerates (15-20 g) was withdrawn from the oven after a certain period of
drying and subjected for Soxhlet extraction,

Apparatus: Soxhlet extraction apparatus (Figure 4-1)

Reagents: Dichloromethane

Procedure: Follow the extraction procedure described in Section 4.4. After the extraction is
completed, the amount of dichloromethane solution used for extraction is
determined and the solution is subjected for GC analysis.

HP5890 Gas Chromatograph with
HP3396A Integrator and Crosslinked
Methyl Silicone Gum capillary column
and FID Detector

4.6.2 Tailings

Scope: The method determines the amount of heptane loss in the tailings streams.

Summary: Tailings from either high-shear or Iow-shuar stage are collected in a beaker,
covered to prevent light hydrocarbon loss, and allowed to settle in order to
separate the liquid phase from solids. When the settling is completed, the liquid
phase is carefully decanted into a 3-1iterseparatory tunnel and extracted with 3
portions of dichloromethane by using the standard procedure. Extraction
procedure is repeated until ali the liquid phase is exhausted. Extract is collected
in a flask, weighed and sent for GC analysis. The same extraction procedure is
repeated for the solids and extract is analyzed separately. Methylene chloride
extract, obtained as a result of this procedure is analyzed for heptane content
using the same equipment as above.

Calculations:

An example for calculation of the of heptane retained in agglomerates after thermal drying
is shown below:

Feed coal input - 160 g (db)

Heptane input (high- and - 48 g (30% of dry feed)
low-shear)

Clean coal yield - 152.72 g (db)

Asphalt emulsion (low-shear) - 5 g (3.3% of dry clean coal)
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Drying temperature 110°C

Drying time 20 mln.

Sample for Soxhlet extraction - 11.49g (as measured after
20 min. drying)

Moisture by toluene distillation - 1.9%

Methylene chloride used for - 276.37 g
extraction

Heptane concentration as lt is - 93.19 p.p.moor 0.0093%
shown on GC chromatogram

Amount of heptane in methylene - 276.37 x 0.0093 = 0.0257 g
chloride solution 100

Percent of the heptane in the - 0.0257 x 100 = 0.224%
sample 11.49

Total moisture and heptane in - 0.224% + 1.9% = 2.12%
the extraction sample

Moisture and heptane free - 11.49 g - 11.49 x 2.12 = 11.25 g
sample 100

Recalculated total sample - 152.72 x 11.49 = 155.98g
(as received after 20 min. drying) 11.25

Amount of heptane in the total - 155.98 x 0.224 = 0.35 g
sample 100

Percent of heptane retained in - 0.3__.55x 100 = 0.73%
the product (of the total 48
heptane input into the process)

Similar calculations were repeated each time when the sampling was done at a different

drying time and temperature.

Calculation of the amount of heptane lost into the tailings stream was done by the

following scheme.
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Amount of methylene chloride used A
for extractionof tailings sample, g

Percent of heptane as it appears - B
on GC chromatogram,%

Amount of heptane extracted from - A x B = C(g)
the tailings sample 100

Percent of heptaneretained in - ;_ C(cl) x 100
the tailingsstream(of the total Heptane (g)
heptaneinput intothe process)

4.7 _PhysicalCharacterization Tests

The objectiveof thesetests isto obtainrelevant informationon product handleabilityproperties.

The followingphysical characterizationtests were performed:

o Compressive strength test

o Abrasion resistance test (tumbling test)

o Water resistance test

o Weatherabilitytest

4.7.1 Compressive Strength Test

This test method is designed to determine the compressive mass strength of any pelletized

material and coal agglomerates. The method was developed at Alberta Research Council. A

principle objective of the test is to determine the beginning of the distinct crushing process in the

burden material. The test results are presented in the form of a compressive strength curve.

Figure 4-3. The proposed apparatus is schematically shown in Figure 4-4.

SI - strength index was established based on the extensive laboratory testing and was defined

as a force (kPa) required to obtain 10% of the bed contraction. The results could also be
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presented as a height of the bed of the pellets/agglomerates to be stored or transported in bulk

handling systems when the crushing begins.

The calculations are done by using the formula:

H = Sl where
pl3xg

H = height of agglomerate bed (m)

SI = strength index (Pa)

pl3 = bulk density of agglomerates (kg/m3)

g = velocity = 9.8 (m/sec2)

4.7.2 Abrasion Resistance Test

The test is designed to measurethe resistance of pellets to breakage upon abrasion and impact

and is done according to ASTM tumbling test (Designation E279-69). The results are referred

to as ARI-abrasion Resistance Index calculated as follows:

ARI = w x 100 [%], where
W

ARI - % retained on 28 meshscreen after tumbling a 100 g charge of pellets/agglomeratesat 50

rpm for 100 revolutions.

w = weight of +28 mesh fraction after tumbling (g)

W = weight of initial sample (g)

4.7.3 Water Resistance Test

The test is designed to simulatethe wet conditions a fuel might encounter during outdoor storage

and is referred to as WRI - water resistance index'
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WRI = 100 - % water absorbed after 30 minutes immersion

4.7.4 Weatherability Test

The test is designed to measure the resistanceof pellets to disintegrate upon severe weather

conditionsencounteredduringoutdoorwinterstorage.

The results are presented as:

WI= wx100(%)
W

Wl = % retained on 28 mesh screen after 4 cycles of 4 hours each freeze/thaw

w = weight of +28 mesh fraction after four cycles (g)
i

W = weight of initial sample (g)

i
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5.0 CRITERIA FOR PROCESS PERFORMANCE EVALUATION

The DOE contract "Engineering development of selective agglomeration" has defined a set of

selection criteria for process evaluation. The selection cdterla cover technical performance,

product handleablltty,economic analysis, and environmental considerations. The technical data

used In process evaiuatlon areto be generated from Task 5, "Process testing", Task 6,

"Component development", and vendor testings.

Task 5 provides data on basic process performance and information on process operationl

Partial information on handleability, environmental considerations, and ancillary considerations

are also available from the Task 5 test results. With the prime objectives in pyrite removal by the

selective agglomerationprocesses, pyritic sulfur rejection at maximum BTU recovery are the key

factors in process performance. In the Task 5 test program, the following indices were used to

evaluate the selective agglomeration processes based on heavy agglomerant and light

hydrocarbon.

o BTU Recovery or coal matter recovery (CMR)

o Pyritic sulfur rejection (PSR)

o Total sulfur rejection (TSR)

o Ash rejection (AR)

Experimenta;data used to calculate these indices are presented inTable 5-1. The formulas used

to calculate these indices are described in the following sections.

5.1 BTU Recovery or Coal Matter Recovery (CMR),

Ycx CV_
BTU recovery % = x 100

CVF

Yc(100- Ac)
CMR % = x 100

(100 - AF)

',
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When the calorific values of the clean coal products are not available, coal matter recovery (CMR)

is used as an approximate indication of BTU recovery.

5.2 Pyritic Sulfur Rejection (PSR)

100 SpF- Yc Spc
PSR % = x 100

SpF

Pyritic sulfur rejection is determined using the above formula when pyritic sulfur content of the

product is determined directly. Since pyritic sulfur contents are not always analyzed for each

product sample, it is important to be able to estimate the rejection of inorganic sulfurs (pyritic and

sulfatic). As sulfatic sulfurs are usually quite small in the project coals, the calculated inorganic

sulfur rejections (ISR) are good indications for pyritic sulfur rejection (PSR). The estimation of

pyritic sulfur rejection can be based on the following formula for inorganic sulfur rejection:

100 STF-YcSTc.-[100(1-_/100)-Yc(1-A_/100)] SO_AF
ISR % = x 100

SiF

5.3 Total Sulfur Relection (TSR).

100 STr- Yc STc
TSR % = x 100

STF

5.4 Ash Rejection IAR)

100 Ar - Yc A{,
AR % = x 100

AF
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Table 5-1

EXPERIMENTAL DATA USED FOR CALCULATION
OF PROCESS PERFORMANCE INDICES

= ash content of the feed coal, % dry basis

Ac = ash content of the clean coal, % dry and agglornerant-free basis

F = weight of the feed coal, gins, dry basis

Pc = weight of the clean coal, gms, agglomerant-free, dry basis

STF = total sulfur content of the feed coal, % dry basis

STC = total sulfur content of the clean coal, % dry and agglomerant-free basis

S_F = inorganic sulfur content of the feed coal, % dry basis

SpF = pyritic sulfur content of the feed coal, % dry basis

Spe = pyritic sulfur content of the clean coal, % dry and agglomerant-free basis

SO_AF = organic sulfur content of the feed coal, % dry ash-free basis

Yc = product yield, % dry basis

CV_ = calorific value of feed coal, Btu/Ib dry basis

CVc = calorific value of clean coal, Btu/Ibdry and agglomerant-free basis
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6.0 PROJECT FEEDSTOCKS CHARACTERIZATION

Fourhighsulfurbituminouscoalswerestudiedin themaintestprogramof Task5, whereas,three

projectcoals, referred to as "old projectcoals"were used during Subtask5.1, "Selectionof

AgglomeratingLiquids".Sincethe oldprojectcoalswere used exclusivelyin this subtask,only

the analyticaldata relatingto thesecoalsaresummarized. The projectcoal_ usedin the main

program,exceptIllinoisNo. 6, were fullyanalyzedand characterizedfor washabilityand pyrite

distributionby petrographicanalysis.

6.1 Coal Analysis

The analytical datafor the old projectcoalsare summarized in Table 6-1. The originsof the four

project coals used in the main program,alongwith the average analytical results and their ranges

are presented in Table 6-2. The project coals were homogenized and split into 30 Ib batches in

Wilsonville; six batches of Illinois No. 6, eleven batches of Pittsburgh No. 8 and Upper Freeport,

and three batches of Kentucky No. 9 were used in batch scale testing.

Table 6-1

ANALYTICAL DATA FOR PROJECT COALS USED IN SUBTASK 5.1

S_.eean_.jI Illinois No. 6 PittsburghNo. 8 _ort

County, State Randolph, IL Belmont, OH Jefferson, PA
Mine Operator Peabody Coal Co. R&F Co. P&N Coal Co.
Rank hvb hvb mvb

Total Sulfur, % 4.4 3.7 1.7
Range 3.5 - 5.0 3.0 - 4.5 1.4 - 2.2

Pyritic Sulfur, % 3.0 2.4 1.3
Range 2.5 - 3.5 1.8 _ 3.4 1.0 - 1.7

Ash, % 10.9 10.0 9.1
Range 9.0 - 16.00 9.0 - 14.00 8.0 - 14.u0

BTU/Ib 11,300 12,600 12,300
Range 10,800 - 12,800 12,000 - 13,500 12,000 - 14,000

Moisture, % 9.0 4.0 9.0
Range 6.0- 13.0 2.0-8.0 2.0 - 10.0

Volatile Matter, % 42.0 40.2 21.5
Range 38.5 - 44.5 37.0 - 43.5 20.5 - 25.5

Grlndability 60 55 70
Range 55 • f;5 50 - 60 65 • 80
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Table 6-2

ANALYTICAL PROPERTIES OF PROJECT COALS (DRY BASIS)

IllinoisNo. 6 Upper Freeport PittsburghNo. 8 Kentucky No. 9

Seam

County, State Randolph, IL Jefferson, PA Belmont, OH Webster, KY
Mine Operator Peabody Coal Co. P&N Coal Co. R&F Coal Co. Pyro Mining Co.

Moisture_%
Average 9.9 1.9 3.2 3.1
Range 8.9-10.7 1.4-2.3 2.4-4.2 2.9-3.2

Ash1%
Average 15.6 13.8 11.3 16.3
Range 10.6-19.6 12.4-15.8 10.1-12.5 15.5-16.9

.T.otalSulfurt %
Average 4.47 2.18 4.21 4.52
Range 3.07-5.44 2.18-2.42 3.81-4.54 4.35-4.83

Suffati%.Sulfurj %
Average 0.20 0.13 0.15 0.05
Range 0.06.0.46 0.07-0.20 0.07-0.32 0.03-0.05

Pydtic Sulfurt %
Average 2.30 1.56 1.87 2.98
Range 0.92-3.40 1.39-1.73 1.33-2.33 2.86-3.15

Organic Sulfur1%
Average 1.97 0.59 2.19 1.49
Range 1.88.2.09 0.58-0.64 2.16-2.22 1.40-1.61

Calorific Value_ Btu/Ib
Average 11,950 13,140 13,030 12,640
Range 11,380-12,630 12,820-13,440 12,510-13,380 12,520-12,840

Volatile MatlerL_._
Average 35,6 26.3 35.7 34.1
Range 34.0-38.2 24.0-28.3 33.5-38.2 34.0-34.2

6.2 Grind Size Data

The project coals were wet ground to 28, 100 and 200 mesh top size for the batch testing

program. In order to control particle size distribution, d5o (mass median diameter) of each grind

size was determined. The grinding time for different solid contents were determined prior to the

test program.

D5o(range and average) and grinding time for ali the project coals are summarized in Table 6-3.
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Table 6.3

COAL GRINDING DATA

Average Ranqe
% Top Size dso Grinding dso Grinding

SoUd..___s_ Mesh _ _n,) _ Time (mln:.).

PittsburghNo, 8 5 28 0.117 2 0,114-0,120 2-3
1O0 0,060 5 0,060 5
200 0,025 12 0,021-0,028 10-15

20 28 0.124 10 0,102-0,136 6-14
1O0 0,063 34 0,058-0,065 29-36
200 0.028 41 0,025-0,031 25-54

Upper Freeport 5 28 0,123 2 0,119.0,128 1-2
1O0 0,057 5 0,056-0,058 5
200 0,025 7 0,022-0,027 6-7

20 28 0,124 5 0.100-0,140 4-7
1O0 0,062 17 0,058.0,065 16-17
200 0,024 25 0,020.0,028 20-31

IllinoisNo. 6 5 28 0,125 3 0,125 3
100
200 0,025 14 0,023-0.25 14-15

20 28 0,131 9 0.118-0,162 6-14
100 0.059 28 0.059 28
200 0.028 37 0o025-0.030 25-55

KentuckyNo. 9 5 28 0.108 4 0.105-0,112 3-5
100 0.068 6 0.068 6
200 0.024 17 0,021-0.027 9,,13

20 28 0.123 11 0.113-0.12g 9-13
100 0.066 26 0.061-0.069 23-30
200 0.024 47 0,022-0.026 4648

6.3 Washability Analysis

The washability characteristicsof the four projectcoals ground totop size of 28 mesh, 100 mesh

and 200 mesh, were determined by Geochemical Testing Laboratory of Sommerset,

Pennsylvania. To ensure that same particle size distributions were used in agglomeration

experiments and washabilitytesting,the samples were preparedby the Alberta ResearchCouncil

following the procedures of wet grinding. A description of sampling procedures used in

washability testing was summarized in Task 4.3, "Coal Characterization". Ali size and gravity

fractions were analyzed for ash, BTU, total sulfur and pyritic sulfur contents.
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While the washability data were determinedat five top size levels at 2", 1/4", 28 mesh, 100 mesh,

and 200 mesh, the data of the last three top sizes are particularly important for evaluating the

performance of agglomeration experiments. The washability data of samples at top sizes of 2"

and 1/4" were useful in overall engineeringassessment when precleanlng was incorporated with

the agglomeration process. The washability' data for Illinots No. 6, Pittsburgh No. 8, Upper

Freeport, and Kentucky No. 9 are summarized in Tables 6-4 to 6-7, inclusive for discussion.

Table 6-4

ILUNOtS NO. 6

Randolph County, IL

2" x 0 COMPOSITE DATA

° Specific Gravity_._ (%) (%) (%) (%) (%) #S02/ (%)
Sink Floa.__,_J_t wt As_..._h Total S _ BTU BTU Ree M BTU PS,_._RR

1.30 53.6 4,85 2.74 0,53 13616 57.48 4,03 72.36
1.30 1.40 87.2 7,27 2.90 0.72 13207 90.67 4.39 39.25
1.40 1.50 94.0 8.13 2.98 0.81 13066 96.72 4.56 25.55
1.50 1.60 96.2 8,57 3.01 0,86 12996 98,46 4,63 19,82
1.60 1.70 97.1 8,81 3,02 0.88 12958 99.07 4,66 16.89
1.70 1.80 97.6 8.97 3.03 0,89 12932 99.41 4.68 15.19
1.80 100,0 10.25 3,12 1.03 12697 100.00 4.92 0,00

1/4" x 0 COMPOSITE DATA

Specific Gravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Floa___._t wt As_._hh Total S _ BTU BTU Rec M BTU PS__.RR

1.30 72.2 5.65 2,74 0.60 13477 76.86 4,07 57.96
1.30 1.40 86.0 6.79 2.80 0,68 13283 90.21 4.21 43.30
1.40 1.50 92,2 7.71 2.84 0,74 13138 95,72 4,32 33,48
1.50 1.60 94.8 8.25 2.87 0.79 13052 97.80 4,40 27.30
1.60 1,70 96.0 8,58 2.89 0.82 13001 98.C0 4.44 23,82
1.70 1.80 96.8 8.83 2.90 0.84 12960 99.10 4,48 21,08
1.80 100.0 10.49 3.05 1.03 12656 100.00 4.82 0.00

28M x 0 COMPOSITE DATA

Specific Gravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Float _ As___h Total S Pyr.._S BT.___UUBTU Rec M BTU PS...._R

1.30 42,1 2.30 2.05 0,20 14110 47.67 2.90 92,76
1.30 1,40 69.1 3.92 2.08 0.28 13836 76.63 3,01 83.89
1,40 1.50 83,4 5.74 2,12 0.35 13547 90.55 3,12 75,45
1.50 1.60 89.0 6.96 2.13 0.40 13359 95.37 3,19 70.11
1.60 1.70 91,2 7.57 2,13 0,42 13267 97.00 3.21 67,90
1.70 1,80 92.6 8,06 2.14 0.44 13189 97.93 3.24 65,78
1.80 100.0 12,23 2,79 1,19 12471 100.00 4.47 0,00
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Table 6-4 (Continued)

ILUNOIS NO. 6
Randolph County, IL

100M x 0 COMPOSITE DA'r'A

Spedflc Gravity (%) (%) (%) (%) (%) #SO?_/ (%)

Sink Floa.._.L _ Ast._..._ Total___SS _ BT...._U BTU Rec M BTU PSR

1.30 38,8 2,05 2,01 0,13 141,08 44,02 2.85 95,69
1,30 1,40 69,5 3.62 2,06 0,18 13818 77,32 2,99 89,35
1,40 1.50 83.4 5.35 2,10 0.26 13543 90.90 3,10 82.00
1.50 1.60 88.2 6.40 2.11 0.30 13385 95,03 3.15 77.91
1.60 1.70 90,4 7.04 2.11 0.32 13288 96.71 3.17 75.97
1,70 1,80 92,0 7,63 2,11 0,34 13196 97.77 3.20 73.76
1,80 100,0 12,22 2,85 1,20 12421 100,00 4,59 0.00

200M x 0 COMPOSITE DA'r'A

_..._ectflc Gravity (%) (%) (%) (%) _%) #S02/ (°A,)
Sink Float _ As....hh Total S _ BT.,.._U BTU Rec M BTU PS.....RR

1,30 38,1 2.33 1,97 0,11 14226 42.73 2,77 96.32
1,30 1.40 71,2 3,77 1.98 0,16 13959 78,43 2,84 89.90
1.40 1.50 85.3 5,40 1.98 0,22 13708 92.24 2.89 83.71
1,50 1.60 89,3 6,14 1,98 0,24 13593 95,84 2.91 80.99
1.60 1.70 91.2 6.63 1.98 0.26 13518 97.25 2.93 79.13
1.70 1.80 92,2 7.01 1.99 0,28 13457 97.95 2.95 77.46
1.80 100.0 11.76 2.75 1,14 12672 100.00 4.35 0,00

Table 6-5

PITTSBURGH NO. 8

Belmont County, OH

2" x 0 COMPOSITE DATA

_._Sj_ectficGravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Float wt_. As...hh Tot.alS _ BTU BTU Rec M BTU PS._..RR

1,30 30,1 3,81 2,91 0.51 14320 2,7 4,06 93,44
1,30 1,40 82,2 6.38 3,78 1,61 13658 85.51 5.54 42.65
1,40 1,50 93.7 7.60 4,14 2,05 13486 96.15 6,14 ,'17,23
1,50 1,60 96,5 8.15 4,21 2.14 13403 98,44 6,28 10,73
1,60 1.70 97.2 8.30 4,23 2.17 13376 98,97 6,32 8.93
1,70 1.80 98,0 8,51 4,25 2.20 13343 99,51 6,37 6.91
1,80 100,0 9,75 4.34 2.31 13136 99.99 6,61 0.01
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Table 6-5 (Continued)

PITTSBURGH NO. 8

Belmont County, OH

1/4" X0 COMPOSITE DATA

Spectflo Gravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Floa_._..L wt As..._h Total S _ BT..._U .BTU Re(: M BTU PS_._RR

1.30 53.8 4.18 2,96 0.59 14260 58,10 4,16 85.70
1,30 1.40 82,5 5.74 3.47 1.19 13867 86.66 5,01 55.40
1.40 1.50 91.0 6.77 3.77 1,54 13708 94.52 5,49 36,42
1.50 1,60 94,7 7.51 3,91 1,73 13591 97.56 5,75 25.80
1.60 1.70 95.9 7.78 3,96 1,79 13545 98.41 5.85 22.05
1,70 1.80 96.8 8.04 4.01 1.85 13501 99,07 5.93 18,63
1.80 100,0 9.79 4.30 2,20 13194 100.01 6.52 0.00

28M x 0 COMPOSITE DATA

Specific Gravl_, (%) (%) (%) (%) (°A,) #S02/ (%)
Sink Floa___.!.t wt As.._.hh Total S _ BT_....UUBTU Rec M BTU PS.._..RR

1,30 55.0 2.85 2.63 0,17 14404 60.06 3.65 95.26
1.30 1.40 81.0 4.29 2.79 0,41 14151 86,92 3,95 82.76
1.40 1.50 89.0 5,28 2.92 0.58 13979 94.31 4.17 73,28
1.50 1,60 91.9 5,87 2,99 0.68 13878 96.69 4,31 67,62
1,60 1.70 93,3 6.25 3,05 0.75 13814 97.75 4,41 63,68
1.70 1.80 94.2 6,53 3.10 0.81 13764 98,36 4.50 60.40
1.80 100.0 9.67 4.17 1.93 13186 100,00 6.32 0.00

100M x 0 COMPOSITE. DATA

Specific Gravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Float wt As_._h Total S _ BT.___U BTU Rec MMBT_..._U' PS....._R

1,30 4_" 2.28 2.55 0,08 14513 52,77 3.52 97.80
1.30 1,40 81 ,e 3.78 2,60 0.22 14230 88.35 3.66 90.13
1,40 1,50 88.b 4,56 2.65 0.31 14093 94.67 3,76 84.84
1.50 1.60 91.2 5,07 2,70 0.38 140()4 96.81 3.85 81.05
1.60 1.70 92.5 5.43 2.74 0,44 13943 97.78 3,93 77,87
1.70 1.80 93.2 5.64 2,77 0.47 13906 98.21 3.99 75.78
1.80 100,0 9.42 4.06 1.82 13196 100.00 6.15 0,00

200M x 0 COMPOSITE DATA

Specific Gravity_ (%) (%) (%) (%) (%1 #S02/ (%)
Sink Floa__.._t wt As__h,.h Total S _ BTU BTU Rec M BTU PS.__R_

1.30 46,3 2.36 2,52 0.08 14417 50.69 3.50 97,88
1.30 1.40 80,4 3,83 2.56 0.20 14186 86,65 3.61 90.65
1.40 1,50 88,4 4.57 2.61 0.28 14058 94.46 3,71 85,78
1.50 1,60 91,1 5,07 2.64 0,34 13975 96,77 3.78 82,41
1.60 1.70 92,4 5.39 2.67 0.38 13921 97.73 3,84 79.75
1,70 1,80 g3,3 5,66 2,71 0,42 13875 98,31 3.90 77.32
1,80 100,0 9,47 3,98 1.75 13162 100,00 6.05 0,00
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Table 6-6

UPPER FREEPORT

Jefferson County, PA

2" x 0 COMPOSITE DATA

SpectfiaGravity (%) (%) (%) (%) (%) #SO?./ (%)
S4nk Floa_.._.t w...L As.._h Total___...SS _ BT_...UU BTU Rec M BTU PS.._._R

1.30 29.3 4,06 1.12 0,46 14885 34.33 1.51 91.35
1,30 1,40 62.6 8,16 1,41 0.75 14124 69,74 1.99 69.63
1,40 1,50 86.1 11,48 1,61 0.96 13544 91.75 2.37 46,' 11
1,50 1,60 92,3 12,63 1,70 1.06 13345 96.90 2.55 37°06
1,60 1.70 94.1 13,05 1.75 1,11 13271 98.20 2,63 33,05
1,70 1,80 94.8 13,26 1.78 1.14 13235 98,70 2.69 30,43
1,80 100,0 16.17 2.18 1.56 12714 100,00 3.43 0,00

1/4" x 0 COMPOSITE DATA

_ectflc Gravity (%) (°/o) (%) (%) (%) #S02/ (%)
Sink Floa...._.__t wt As...._h Total S _ BT.._._U BTU Rec M BTU PS..._R

1,30 35,6 3,45 0,90 0.27 15033 42.02 1,,!0 94.42
1.30 1.40 68,6 6,89 1,04 0,45 14372 77,34 1,45 81,90
1,40 1.50 81,3 9.00 1.16 0,59 13998 89.26 1.66 71,85
1,50 1,60 87.2 10,35 1.25 0_69 13769 94.08 1,82 64,67
1,60 1.70 90, "_ 11,37 1.32 0.77 13594 96.70 1.95 59.13
1,70 1,80 92.£ 12.00 1.38 0,84 13484 97.87 2.05 54,98
1,80 100,0 15,93 2.26 1,72 12755 100,00 3.55 0,00

28M x 0 COMPOSITE DATA

Specific GravttlL- (%) (%) (%) (%) (%) #S02/ (%)
Sink Float wt As__hh Total S _ BT_._UU BTU Rec M BTU PS_.._R

1,39 43,3 2,41 1,23 0,13 14784 49.10 1,66 95,25
1,30 1,40 71,5 4,48 1.29 0,20 14349 ';'8.69 1,80 87.86
1,40 1.50 82,7 6,18 1,32 0.26 14061 89.20 1.88 82,13
1.50 1,60 91.0 7,65 1,33 0,30 13808 96.38 1.92 77.50
1,60 1,70 94,7 9.23 1,54 0,51 13534 98,30 2.27 59,49
1,70 1,80 95,8 9,64 1,54 0,52 13468 98,96 2,29 57,93
1.80 100,0 11,95 2,21 1,19 13033 100,00 3,39 0,00

100M x 0 COMPOSITE DATA

Spectfla Gravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Float wt As._..hh Total..._.._S _ BTU BTU Rec M BTU .p_.s_

1.30 41.2 2,29 1,11 0,08 14739 47,27 1,50 97,60
1,30 1,40 71.2 4,18 1,18 0,14 14354 79.57 1.65 92,83
1.40 1,50 83,2 5,74 1.20 0.18 14092 91,33 1,71 88,96
1.50 1,60 88,1 6,79 1.22 0,21 13916 95,45 1.75 86.31
1,60 1,70 90.3 7,44 1,22 0,23 13809 97.13 1,77 84.70
1,70 1,80 91,7 7.95 1,23 0,24 13725 98,00 1.79 83,36
1.80 100.0 12,86 2.39 1,35 12840 100,00 3,73 0,00
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Table 6.6 (Continued)

UPPER FREEPORT
Jefferson County, PA

200M x 0 COMPOSITE DATA

Specific Gravity_J (%) (%) (%) (%) (°A,) #SO?./ (%)
Sink Floa.._...._t wt As_.._h Total S _ BT...._U BTU ReD M BT._____UP_..S.RR

1.30 37.6 2,08 1.12 0,06 14904 43,21 1,50 98.34
1.30 1,40 70.9 3,66 1.19 0,10 14544 79,45 1.63 94.91
1,40 1.50 83.9 5.34 1,21 0,15 14244 92,16 1,70 90.96
1,50 1,60 87.8 6.14 1.21 0,17 14111 95,54 1.72 89.13
1.60 1.70 90.1 6,77 1,22 0,19 14005 97.22 1.74 87.72
1.70 1,80 91,4 7.25 1.23 0,20 13924 98.06 1.76 86,61
1,80 100,0 12,53 2.39 1.36 12973 100,00 3.68 0.00

Table 6-7

KENTUCKY NO. 9 WASHABILITY RESULTS

2" x 0 COMPOSITE DATA

Specific Gravity.._ (%) (%) (%) (%) (%) #SO?./ (%)
_ Sink Floa._...._t wt As..__h Total.____SS _ BTU BTU Rec M BT.____UPS._..._R

1,30 31.0 3.42 2.35 0.41 14563 38.17 3.22 95.97
1,30 1,40 70,7 6.65 2.58 0.77 14043 83.94 3.67 62.54
1.40 1,50 78,2 7.63 2.77 1,00 13880 91.78 3.99 74,79
1.50 i.60 80,4 8.08 2.85 1.11 13806 93,84 4.13 71.47
1,60 1,70 81,8 8.43 2.94 1.20 13748 95,08 4.27 68,42
1,70 1.80 82 6 8,71 2.98 1.26 13701 95.68 4.35 66.64
1,80 100,0 19,76 4.62 3,12 11831 100,00 7,81 0.00

1/4" x 0 COMPOSITE DATA

_ Specific Gravity. (%) (%) (%) (%) (%) #S02/ (%)
Sln___.._k Float w_L As....._hh Total S PyrS. BT._...._UB.._TURec M BTU PS.__.RR

1,30 34,6 3,28 2.25 0.33 14611 43.26 3.08 96.00
1,30 1,40 69,3 6.31 2.50 0.67 14098 83,63 3,54 83.25
1.40 1,50 76.6 7,34 2.64 0.85 13931 91.24 3,79 77,48
1.50 1,60 79,2 7.88 2.73 0.95 13841 93,79 3.95 73.90
1,60 1,70 80,4 8.21 2.80 1.03 13786 94,88 4.06 71.49
1.70 1,80 91.3 849 2.85 1,08 13740 95.57 4.14 69.68
1.80 100,0 2' 37 4.42 2.89 11688 100,00 7,56 0,00
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Table 6-7 (Continued)

KENTUCKY NO. 9 WASHABIUTY RESULTS

28M x 0 COMPOSITE DATA

. ,gpeciflc GravlW . (%) (%) (%) (%) (%) #SO?_/ (%)
Sink Floa___.L wt As,,_._h Totals _ BT.._._U BTU Rec M BTU PS..._.RR

1,30 41.9 2.61 2,18 0.21 14655 52,47 2.97 96,97
1.30 1,40 65.5 4,96 2,30 0.41 14277 79,95 3.22 90,81
1,40 1,50 73,4 6.11 2.37 0,52 14090 8,3,35 3.37 87,03
1,50 1,60 79,1 7,30 2.43 0,61 138889 93,96 3.50 33.34
1,60 1,70 80,6 7,69 2,47 0,67 13823 95,27 3,58 81,44
1,70 1,80 81,5 8.03 2.52 0.73 13765 95.94 3.66 79,72
1,80 100,0 20.13 4.46 2,92 11700 100,00 7,62 0,00

100M x 0 COMPOSIIE DATA

......SpecificGravity (%) (%) (%) (%) (%) #S02/ (%)
_lnK Float wt As....._h Total...._.SS _ BTU BTU Rec M BTU PS_._.RR

1,30 40,9 2,61 2,14 0.16 14620 51,21 2.93 97.62
1.30 1,40 66.9 4,75 2.18 0,29 14268 81,67 3.05 93014
1.40 1,50 74,4 5.98 2,22 0,37 14069 89,62 3,16 90.00
1,50 1,60 78.2 6.72 2.26 0.44 13948 93.28 3.24 87.77
1.60 1.70 80.2 7.23 2,30 0,49 13865 95.20 3.32 85°79
1,70 1.80 81,2 7.57 2.33 0.54 13808 95.93 3.38 84.35
1.80 100,0 20.04 4.33 2.78 11686 100,00 7,4"1 0.00

200M x 0 COMPOSITE DATA

Specific Gravity (%) (%) (%) (%) (%) #S02/ (%)
Sink Float wt As._..._h Total S PyrS BT__U. BTU Re.__c M BTU PS......RR

1,30 34.3 2,89 2,12 0.14 14571 42,43 2.91 98,39
1,30 1,40 67.4 4.66 2.12 0,21 14297 81,94 2.97 95,17
1,40 1,50 74.7 5.69 2,14 0.27 14135 89,72 3.03 93.17
1,50 1,60 78.9 6,48 2,17 0.33 14004 93,89 3,10 91,40
1,60 1,70 80.5 6.88 2.19 0.37 13939 95,38 3.15 90,15
1,70 1,80 81.4 7.19 2.22 0.40 13887 96.04 3.20 89,10
1,80 100,0 19,77 4.55 2.98 11763 100.00 7.74 0.00

6.3.1 Illinois No. 6

The washability data of precleaned Illinois No. 6 showed that considerable amounts of material

floated at low specific gravities. Approximately 84% of the material was recovered at 90% BTU

recovery for the three grind sizes studied.
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For this level of BTU recovery, pyritic sulfur rejections were 75%, 82% and 83% at top size of 28

mesh, 100 mesh and 200 mesh, respecti_,ely. The corresponding ash cont,sntswere ali in the

5-6% range. While there was a reduction of 7% in pydtic sulfur rejection when the top size was

reouced from 28 mesh to 100 mesh, there was practically no additional liberation of pyrite when

the top size was further reduced to 200 mesh.

6.3.2 Pittsburgh No. 8

Similar washabilitycharacteristicswere observedfor PittsburghNo. 8 projectcoal. At 90°1oBTU

recovery,approximately85% of the materialwas recoveredfor ali threegrindsizesinvest,igated.

For thts level of BTU recovery, the pyritic sulfur rejectionwas about80% at a top size of 28 mesh

and Increased to about 87% when the top size was reduced to 100 and 200 mesh. The

difference in pyrite rejection was negligible for the 100 mesh and 200 mesh grind. Ash contents

of the clean coals at this BTU recovery level were about 5%, 4% and 4% at to sizes of 28, 100

and 200 mesh, respectively.

6.3.3 Upper Freeport

In contrast to Illinois No. 6 and Pittsburgh No. 8 coal samples, the raw Upper Freeport coal was

used in this project. At 90% BTU recovery level, the amount of floated material was about 80%

for 28, 100 and 200 mesh top sizes.

Pyritic sulfur rejections at 90% BTU recovery for 28, 100 and 200 grinds were 82%, 89% and

92%, respectively. The corresponding ash contents were 6.2%, 5.8% and 5.4%, respectively.

Similar to the other project coalsdiscussed above, the improvement in pyrite rejection by reducing

the grind size from 100 to 200 mesh was not significant.

6.3.4 Kentucky No. 9

Kentucky No. 9 was a raw coal and replaced Illlnois 6 in this project. A clean coal yield at 90%

BTU recovery level was approximately 75% for 28, 100 and 200 grind sizes. Pyrite rejections
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were approximately 85%, 89% and 93% for top sizes of 28, i00 and 200 mesh, respectively, The

corresponding ash contents were 6.5%, 6% and 5,7%. The washability data showed that a

reduction in size from 100 to 200 mesh was not beneficial.

6.4 .pyrite Characterization and Distribution by Petrographic Analysis

A selective rejectionof pyrite particlesfrom coal by agglomerationmay be facilitated by estimating

the pyritedlstrlbutlon tn the coal sample. A determination of pyritedistribution and its association

was performed on three project coals, namely Upper Freeport, PittsburghNo. 8 and Kentucky No.

9. Both28 mesh and 200 mesh grind were studied for the Kentucky No. 9 while for the other two

coals, only the 200 mesh grind was characterized.

The petrographic analyses were carried out by the Centre of Applied Energy Research at the

University of Kentucky using a Leitz microscope.

The pyrite particleswere categorized as"free", "edged", and "included"particles. An edged pyrite

was defined as pyrite partially surroundedby coal matter while the included pyrites were particles

completely surrounded by coal matter. Tha microscopic analyses estimated the relative number

of particles in each of the above categories in specific size fractions. An estimate of the relative

volume occupied by particles in each category was derived from the frequency distribution of the

particles by applying an average volume for each size, using an estimate of the average diameter

of the particles. The calculation method used at the University of Kentucky assumed the pyrite

particle was spherical in shape, lt should be noted that this analysis suffers from the drawback

that interpretation of a three-dimensional object is based on a two-dimenslonal representation.

Detailed characterization of the threeproject coals is presented in Table 6-8 and summarized in

Table 6-9. The summary results showed that PittsburghNo. 8, which was a precleaned coal, had

much less "free" pyrites than the other two raw coals (78% vs 88-91%). This was to be expected

as free pyrites present in the Pittsburgh No. 8 coal had been removed by the precleaning

process. There was also a large amount of "edged" pyrites in the Pittsburgh No. 8 coal. The

summary results also showed that by reducing the top sizes of Kentucky No. 9, there was a

significant increase in free pyrite and a drastic reduction of edged and included pyrites.
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Table 6..8

DETAILED CHARACTERIZATION OF THREE PROJECT COALS

PI._.__ Upper Freeport Kentucky No, 9
Diameter Feed Feed Feed Feed

Stat___._e _..{._ 200 mesh 200 mesh 28 mesh 200 mesh

Free <5 5,45 0,65 0,69 2,08
5 - 10 11,05 2,70 0.68 2,20

10 - 25 32,63 10,37 2,22 12.19
25 - 40 28,98 10.81 17,77 21.66
40 - 75 0.00 66.74 0,00 50,15

Total 78,11 91,27 21,36 88,28
Approx, Pyr Sul, % 1,48 1,37 0.62 2.58

Included <5 0,81 0,15 1,30 0.33
5 - 10 4,42 0,37 3.73 1.24

10 - 25 0,00 0,00 10.00 2.71
25 - 40 0.00 0,00 0.00 0.00
40 - 75 0,00 0.00 0.00 0.00

"Total 5,22 0,51 15,03 4,28
Approx. Pyr Sul, % 0,10 0,01 0,44 0,13

Edge <5 1.68 0.14 0.44 0.62
5 - 10 7.73 0.41 2,03 2.75

10 - 25 7.25 4,06 2.22 4.06
25 - 40 0.00 3.60 17,77 0,00
40 - 75 0.00 0,00 41,15 0,00

Total 16,66 8,21 63,61 7.43
Approx. Pyr Sul, % 0.32 0.12 1.86 0.22

Table 6..9 ' '

SUMMARY OF PYRITE DISTRIBLRION

PittsburghNo. 8 Upper Freeport Kentucky No, g
200 mesh 200 mesh 2£,0 mesh 28 mesh

Free pyrites 78.1 ' ' 91,3 88,3 21,4
Edged pyrites 16,7 8.2 7,4 63.6
Included pyrites 5.2 0.5 4,3 15.0

TOTAL 100.0 100.0 100,0 100,0
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A detailed characterizationof pyrite distribution also provided the distribution of various types of

pyrites according to size. lt was noticed that relatively large free pyrites existed for Upper

Freeport and Kentucky No. 9 coal, while the free pyrites in Pittsburgh No. 8 were substantially

smaller.
b

6.5 AqCllomerantCharacterization

Five agglomerants were used in the batch evaluation program covering the range from light

hydrocarbons to heavier crude oils. The light hydrocarbons were reported to have excellent

selectivity for carbonaceous materials while heavier hydrocarbon provided better BTU recovery.

The heavier liquids have been successfully used at Alberta Research Council for the formation

of microagglomerates. As the conventional crude represents a mixture of light and heavy

fractions, the use of a crude oil may have the combined technical benefits and at a lower

agglomerant cost. Hexane was used as the light agglomerant in the early stage of the project

and was replaced later by heptane. The decision was made based on economic and engineering

assessment. Diesel oil, mixture of Maya crude and diesel oil (1:1 ratio) and mixture of Fuel Oil

No. 6 and diesel oil (4:1 ratio) were used in a heavy agglomerant program.

Agglomerants used in the Task 5 program were analyzed for total sulfur content, density, and

viscosity at two temperatures. These data are presented in "Fable6-10.

Table 6-10

ANALYSIS OF AGGLOMERANTS

Density API V_scosit__ Total Sulfur
_erants g/crn3 _ 20_....°c 40..._.0.° %

Hexane 0.6603 81.6 0.47 0.41

Heptane 0.6837 75.5 0.42
Diesel 0.8613 32.8 4.60 2.90

Maya + Diesel (1:1) 0,8915 27.2 18,60 9.30 1.76
Fuel No. 6 + Diesel (4:1) 0.9593 16.0 209.30 70.50 1.22
Maya Crude 0.9227 21.8 177.50 60.70 3.52
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7.0 BATCH SCALE TEST PROGRAM

7.1 Summary of Test Plan

The primary objective of the Task 5 batch scale test program was to simultaneously develop the

selective agglomeration processes based on "heavy" agglomerant and "light" hydrocarbon. In

order to critically evaluate these process options, their performances at the optimized conditions

were determined and used for process comparison. The optimizedprocess conditionswere also

used for the d6velopment of process flowsheets for engineering assessment and economic

analysis.

The test plan for the batch scale process testingbegan with the selection of agglomerants (Task

5.1), and the methods for microagglomerate recovery. A significant effort was devoted to the

optimization of the high-shear operations for single-stage processing for both process options,

however, for the "heavy" agglomerant, a two-stage processing scheme was also investigated.

In addition to the work on process optimization, a number of secondary process variables were

also investigated. A short test program on low-shear operationwas formulated to provide support

data for low-shear testing in continuous operations.

The test plan, designed to be evolutionary, also incorporated a number of tests to support the

englneering evaluation of the selective agglomeration processes. These includeddrying tests of

agglomerates produced from both processes, tests to determine heptane balance, tests to

investigatealternative sizeenlargement methods,and preliminarytests to assess the handleability

of the products.

While the batch scale tests were mostly interactive in nature, they could be classified into test

groups. These groups are summarized in Table 7-1.
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Table 7-1

SUMMARY OF TEST PLAN FOR BATCH SCALE TEST PROGRAM

Test Classification Test Variables/Objectives

1. Agglomerant evaluation Hexane/heptane (light agglomerants)
Diesel, Maya/diesel mixture, Maya crude, and
fuel oil/diesel mixture (heavy agglomerants)

2. Microagglomerate Flotation or screening
recovery methods

3. High-shear optimization Grind size
Agglomerant concentration, %
High-shear solids contents, %

, High-shear agitation rate, rpm
High-shear residence time, min
Flotation solids, %
Flotation residence time, min
Incremental flotation time, sec
Screen loading

4. Secondary process Pyrite depressant
variables Emulsification

Oxidation
pH effect on agglomeration and flotation
Effect of slurry storage

5. Two-stage processing Product regrinding
(heavy agglomerant) Tailing processing

6. Low-shear operation Binders selection 'on consumption,
solids concentration, %

7. Support tests Heptane agglomerates drying
Heptane balances
Diesel agglomerates drying
Alternative size enlargement
Product handieability

8. Confirmation tests Heptane testing at Arcanum Corporation
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7.2 Selection of Aqqlomerants

The first test program in Task 5 was targeted for the selection of agglomerants. Five

agglomerants were studied covering the range from light hydrocarbon to heavy fractton from

petroleum sources. The agglomerants used were hexane, diesel, a mixture of diesel and Maya

crude (1:1), a mixture of diesel and Fuel Oil No. 6 (1:4), and Maya crude. This work was

performed under Subtask5.1, "Evaluation of Agglomerating Liquids". These agglomerantswere

selected based on generaldata available on selective agglomeration technologies. Generally the

light hydrocarbonsare more selective in the rejectionof mineral matters,while the heavy brtdgtng

liquids are more beneficial in terms of energy recovery.

Variables studied under this program included five agglomerant types, four agglomerant

concentrations and two grind sizes, of three project coals, lt should be noted that these three

project coals were used only in this subtask; and different project coals were used in the

remainder of the Task 5 program for both the batch, bench scale continuous testing, and

operation in the IATF.

Test Objectives

The primary test objective of this subtask was to select the agglomerant for the main testprogram

of Task 5. The effects of agglomerant concentrations and grind sizes for each project coal are

also revealed in this study.

Test Conditions and Descriptions

The test matrix designed for this subtask covered five agglomerants, four agglomerant

concentrations, and two coal grind sizes, for ali project coals. The levels of these testing

parameters are listed in Table 7-2.
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Table 7-2

TEST CONDITIONS

Coal Pittsburgh No. 8, Upper Freeport, Illinois No. 6

Agglomerants Hexane, diesel, Maya, mixture of Maya and diesel and
mixture of Fuel No. 6 and diesel

Agglomerant, % 0.5, 3.0, 6.0, 10,0

Coal gdnd size, mesh 28,200 top size)

High-shear solids,% 20
High-shear agitation, rpm 2000
High-shear residence time, rain 4
Low-shear solids,% 20

Low-shear agitation, rpm 1800
Low-shear residence time, rain 16

Recovery method Flotation
Flotation soltds% 6

Flotation stages Two

Frother additions (optiona! for low agglomerant concentration cases)

For experiments performed at higher concentrations of agglomerant (6% and 10%), a low-shear

step was added after the high-shear operation. On the contrary, in the case of low dosages of

agglomerants (0.5% and 3.0%), lt was found that adding frother to assist the recovery of

microagglomerates became necessary in some cases. Furthermore, when low dosages of

hexane were used, the evaporation of hexane during the experimental procedures, particularly

during the flotation stage, made the recovery of microagglomerate almost impossible without the

addition of frothers.

In order to fully understand the significance of process variables, ali the test results gathered from

this subtask were analyzed statistically (see Section 12).

Result Analysis_

While the primary objective of this subtask was to select agglomerants for further study, lt was

necessary to first discuss the effect of agglomerant concentrations, as they have an important

impact on process performance. To a less extent, the coal particle size also affects pyrite

rejection and BTU recovery. ]he effect of these parameters are therefore first discussed before

the data are evaluated for agglomerant selection.
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Test results covering the entire range of agglomerant concentrations are provided in Tables 7-3

to 7-8, for ali the project coals, agglomerants and grind sizes. To illustrate the effect of

agglomerant concentrations, the pyritic sulfur rejections as a function of agglomerant

concentrations are plotted in Figures 7-1 to 7-6, inclusive for ali the project coals and

agglomerants except hexane. The data are summarized in Table 7-9. The hexane results were

excludedfrom this data analysis because the experimental procedureemployed,was not suitable

for handling light hydrocarbon. The lossof hexane during testing, and particularly in the flotation

cell, significantly altereq3the experimental results.

The trends observed in Figures 7-1 to 7-6, and Tables 7-3 to 7-9, showed that higher

agglomerant concentrations resulted in the reduction of inorganic sulfur rejection. A decrease

in the agglomerant consumption was beneficial in terms of pyritic sulfur rejection, however this

was counter balanced by reduction in BTU recovery. The results generated in this subtask

suggestedthat the agglomerant concentration had a significant impact on process selectivity and

had to be taken into account while selecting agglomerant for further studies on process

development.
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Table 7.3

UPPER FREEPORT -28 MESH

Clean Coal

Coal Matter Ash Ash Rej Total S Inorganic S
Test Agglomerant Frother Recovery % % % Rej % Rej %

_Agglomerant No, % Ib/t CMR _ ARE TSR ISR

Diesel UFP.1 10,0 - g6,4 10,7 18,4 14,6 20,6
UFP-2 6,0 - g5,1 9,7 27,8 26,0 37,4
UFP-3 3,0 -
UFP.4 0.5 0.25 g4,1 8.2 40,6 41,3 60,3

Maya Crude UFP-17 10.0 - 98.g 10.7 !6.3 17,7 26.7
+ UFP-18 6.0 - g7,4 10.5 1g,2 18,3 26,8

Diesel UFP-lg 3.0 - g6.7 g.6 27,5 26,1 38,3
UFP-20 0.5 0.10 93,7 7,7 44,8 45,6 66.8

Maya Crude UFP-g 10,0 97,8 12.0 5.8 4,7 6,0
UFP-10 6,0 g8,3 11.0 14,2 11.4 16.7
UFP-11 3,0 0.05 95.6 g.2 31.5 28,4 41.3
UFP- 12 0.5 0,15 95.4 8,9 34,2 34,2 50.1

Fuel Otl UFP-25 10.0 98.9 10,7 16.3 10,7 15.9
No. 6 UFP-26 6.0 100.3 g.8 23.0 11,1 17,3

UFP-27 3.0 0,05 g8.2 g.6 26.3 13.5 1g.g
UFP-28 0.5 0.15 90,0 6,7 54.3 38,6 54.3

Hexane UFP-37 10.0 0.10 97,4 9.5 27.8 16.2
UFP-37R 10.0 95,5 g,3 30.1 20,3
UFP-38 6,0 85.g 8,1 46.5 37,4
UFP-38R 6.0 0.10 g3.5 8.6 37.g 30.4
UFP-3g 3.0 66.7 6.7 66.2 62.8
UFP-39R 3,0 0.30 93.3 7.8 44,2 34,8
UFP-40 0.3 13.7 5.1 94.8 g3,9
UFP-40R 0.3 0.40 92,2 7,6 46,4 3g,7
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Table 7-4

PITTSBURGH NO, 8.28 MESH

Clean Coal

CoaJ Matter Ash Ash Rej Total S Inorganic S

Test Agglomerant Frother Reoovery % % % Rej % Rej %
Aq_tomerant No, %_. 1_ CMR ._.,Ac. ARE TSR ISR!

Diesel PLT-1 10,0 93,1 7,2 49,5 26,7 37,1
PLT-2 6,0 89,5 6,6 55,7 34,6 47,3
PLT.3 3,0 85,1 5.9 62.7 43,1 57.9
PLT-4 0,5 0,30 83.7 5,9 63,2 43,9 58.6

Maya Crude PLT-17 10.0 ., 98,8 8,0 39,9 13,9 20.6
+ PlT- 18 6,0 97.8 7,6 43,7 18,7 27,5

Diesel PLT-19 3,0 93.1 6,8 52.5 30.4 42.8

(1 '.1) PLT-20 0,5 0,45 86,3 6,1 60,8 46,6 64,0

Maya Crude PIT-9 10,0 99,2 9,4 27.9 8,8 13,1
PIT.lO 6,0 . 98.1 8.5 36.2 12,3 17,7
PLT-11 3,0 0,10 88,2 6,9 54,2 34,7 46,9
PLT-12 0.5 0,35 75,7 6.3 64,4 48,5 61,3

Fuel 011 PLT-25 10,0 99,9 9,5 27,3 12,2 19.6
No, 6 PLT-26 6,0 98,7 8,7 34,7 19,0 29,7

+ Diesel PLT-27 0.5 93,7 7,7 ' 45,8 32,4 48.1

(4:1) PLT-28 0.5 0.30 85,1 6.2 61,0 47.6 67,3

Hexane PLT-37 10,0 77,3 5,9 66,4 58,2
PIT-37R 10.0 0,20 80,4 6,3 62,5 56,1
PLT-38 6.0 66,6 5.5 73,1 64.3
PIT.38R 6.0 0.30 77.3 6,3 64.0 56,0
PLT-39 3,0 38,5 6,1 82,6 79.0
PIT-39R 3.0 0,40 71.7 7,3 60.8 57.4
PLT-40 0,5 5,9 7,0 g6,9 96.9
PIT-40R 0,5 0.70 67.9 7.9 59,6 57.6
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Table 7-5

ILUNOIS NO, 6.28 MESH

Clean Coal

Coal Matter Ash Ash Rej Total S Inorganlo S
Test Agglomerant Frothar Recovery % % % Rej % ReJ%

A_erant No, % Ib_ CMR ._..Ac. _ ARE TSR ISR

Diesel ILL-1 10,0 {__,8 8,5 57.8 34,7 55.2
ILL-2 6,0 93,4 8.1 60,9 36,7 57,0
ILL.3 3,0 O,10 91,4 8.2 6i .2 39,7 60,6
ILL-4 0,5 0,40 88.0 9.0 58,7 39,0 57,3

' Maya Crude ILL.17 10,0 96,2 9,7 51,0 25,1 39,5
+ ILL-18 6.0 95,8 9,1 54,4 30,1 47,5

Diesel ILL-19 3,0 95,0 8,6 57,6 36,7 58,1
ILL.20 0,5 0.45 90,8 9,3 55,8 42,1 64,3

Maya Crude ILL-9 10,0 97,9 10,7 44,3 17,3 27,5
ILL,,10 6.0 95,1 9,7 51,5 29,3 45,8
ILL..11 3,0 0,15 91.8 8,9 57,4 28.1 41,5
ILL-12 0,5 0,60 87,0 9,4 57.2 3g,9 58,1

Fuel OII ILL-25 10,0 96,3 11,3 49,7 20,5 34.8
No, 6 ILL-26 6,0 94 7 10,3 55,4 23.8 39.5

ILL-27 3.0 0.05 93,g 9,3 60,5 35,4 60,2
ILL-P.8 0.5 0,50 71,3 9,1 70,7 52.5 72,7

Hexane II.L-37 10,0 54,4 6,5 84.5 69.'1
ILL-37R 10,0 0.50 78,1 9,7 65,6 53,3
ILL-38 6,0 39,5 6.4 88,9 79,9
ILL-38R 6,0 0,60 71,6 9,4 69,5 58,8
ILL-39 3,0 12,8 6,3 96,5 94,1
ILL-39R 3,0 0,60 54,1 9,3 77,2 69,2
ILL-40 0,5 1.20 40,3 11,4 78,7 77,2

7-8



Table 7-6

UPPER FREEPORT - 200 MESH

Clean Coal

CoaJMatter Ash Ash Rej Total S Inorganic S
Test Agglomerant Frother Recovery % % % Rej % Rej %

A..g._.omerant No__..:, % I_ CMR _.Ac. ARE TSR ISR
q

Diesel UFP.5 10,0 95,8 9,3 30.6 37,6 55,5
UFP-6 6,0 98,0 8,5 35,7 47,4 71,8
UFP-7 3.0 98,7 8,2 37,7 43,5 66,3
UFP.8 0,5 0,06 95,9 7,4 45.9 49,1 73,3

Maya Crude UFP.21 10,0 99,9 10,2 19,9 33,8 52,0
+ UFP.22 6.0 98,1 9,7 25,'_ 36,5 55.2

Diesel UFP.23 3,0 0,15 93,9 9,1 33,6 41,6 60,7
U FP.24 0,5 O,15 95,4 7,5 45,3 50,1 74.5

Maya Crude UFP.13 10,0 96.2 10,0 24,5 31,6 46,7
UFP.14 6,0 0.10 96,1 9,1 31.1 39,8 59.2
UFP. 15 3,0 0,15 96,0 8,7 35,4 40,1 59,6
UFP-16 0,5 0,50 96,1 8,0 41,0 43,2 64,4

Fuel OII UFP-31 10,0 100,3 10,5 16,9 -1,0 -1.4
No, 6 UFP-32 6.0 99,8 9.6 25,1 6,9 10,6

UFP-29 3,0 98,9 7.9 40,0 26,5 40,5
UFP-30 0,5 0,15 96,9 7,2 46,9 3g,5 59,6

Hexane UFP.33 10,0 95,9 7,9 41.9 34,0
UFP-33R 10,0 89.g 6,9 52,9 43,0
UFP-33RR 10,0 0,30 96,6 7,6 43,9 39,8
UFP.34 6,0 91,0 7,3 49,4 43,5
UFP.34R 6,0 0,30 92,2 7,0 51,0 49,0
UFP.35 3,0 0.30 95,7 7,3 55,0 40.9
UFP-35R 3.0 75,9 7,6 55,9 53,0
UFP-36 0,5 69,7 6,2 67.4 64,8
UFP,,36R 0,5 0,30 97,5 8,2 38.4 35.0
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Table 7-7

PITTSBURGH NO. 8 - 200 MESH

Clean Coal

Coal Matter Ash Ash Rej Total S Inorganic S
Test Agglomerant Frother Recovery % % % Rej % Rej %

Aqglomerant No, % I.__M_ OMR _ ARE TSR ISR

Diesel PLT-5 10.0 - 95.3 5,6 60,4 41,3 60,6
PLT.6 6,0 94,6 5,7 60,0 42,7 62.4
PLT.7 3,0 95,6 5,5 61,1 43,9 64,7
PLT-8 0.5 0,10 86,9 4,9 68,7 56,5 79,4

Maya Crude PLT-21 10,0 98,8 7,3 45,8 30,7 45,9
+ PLT-22 6.0 96,8 6,9 36,2 53,6

Diesel PLT.23 3,0 94,8 6,6 53,1 42.2 61,7
(1:1) PIT-24 0,5 0,10 89,6 5,3 64,9 54,2 77,3

Maya Crude PLT-13 10.0 98,7 8,4 36,6 23,8 35,7
PLT-14 6,0 96,7 7,5 45,1 31,6 46,5
PLT-15 3,0 0,20 95,5 7,0 49,7 39,9 58,6
PLT-16 0,5 0,50 93,0 5,9 59.2 47,5 68,9

Fuel OII PLT-29 10,0 99,3 8,7 34,4 19,8 31,4
No, 6 PLT-30 6.0 98,7 8,4 37,2 26,0 40,9

+ Diesel PLT.31 3,0 98,3 7,2 47,1 36,6 57,6

(4:1) PLT-32 0,5 0,30 88.2 6,5 57,5 47,7 69,4

Hexane PLT-33 10.0 81.5 5.6 66,5 57.6
PIT-33R 10,0 0,35 90.3 6,4 57,2 49,5
PLT-34 6.0 72,9 6,3 66,0 58,8
PIT-34R 6,0 0,40 95,1 7.8 43,7 40,7
PLT.35 3,0 37,6 6,9 80,7 79,6
PIT-35R 3,0 0,70 96,7 8.1 47,2 40,3
PLT-36 0.5 2,6 7,6 98,5 98,6
PIT-36R 0,5 0,70 96,3 7.9 42,7 40,2

R = repeat test
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Table 7-8

ILUNOIS NO, 6 - 200 MESH

Clean Coal

Coal Matler Ash Ash Rej Total S Inorganic S
Test Agglomerant Frother Recovery % % % Rej % ReJ %

A9_ No__ %_..._, I......_._ CaR _ ARE TSR ISR

Diesel ILL-5 10,0 95,1 8,0 60,7 33,6 52,9
ILL.6 6,0 93,4 7,8 62,5 34,6 53,5
ILL.7 3,0 0,15 88,8 7,1 67,8 45,1 68,0
ILL.8 0,5 0,30 89, ;4 7,8 64,1 43,6 65,9

Maya Crude ILL-21 10,0 96,3 8,3 58,6 28,1 44,5
ILL-22 6,0 95,8 8,3 58,8 30,2 47,7
ILL-23 3,0 96,9 8.4 57,8 32,45 2,5
I1_L-24 0,5 0,45 93,5 8,2 60,3 40,6 63,6

Maya Crude ILL-13 10,0 94,8 9,9 50,5 28,1 43.5
+ ILL.14 6,0 0,15 95,5 8,8 56,3 35,6 56,6

Dlesel ILL-15 3,0 0,55 96,0 9,1 54,4 33,5 53,5
ILL-16 0,5 1,20 94,6 8,4 58,8 38,8 61,4

Fuel OII ILL-32 10,0 97,6 9,2 59,4 29,5 52,4
No. 6 ILL.31 6,0 97,5 8,9 60,9 28,9 51,2

ILL.30 3.0 0,35 99,6 9,4 57,6 30,6 56,2
ILL-29 0,5 0,70 94,0 8,7 63.3 37,3 63,8

Hexane ILL-33 10,0 53.1 8,1 80,8 68,0
ILL-33R 10,0 0,6 89.4 9,4 62,0 41,4
ILL-34 6,0 35,4 7,8 87,7 80,1
ILL-34R 6.0 0,6 87,6 10,4 58,3 40,3
ILL-35 3,0 37,8 7,7 87,1 77.6
ILL-35R 3,0 0,6 76,6 8,4 71,2 50,4
ILL-36 0,5 1,2 86,8 11,2 55,1 39,8
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TABLE 7.9

ISR VS AGGLOMERANT CONCENTRATION FOR UPPER FREEPORT COAL

Agglomerant 28 Mesh 200 Mesh
ConoentratJon ISR ISR ISR ISR ISR ISR ISR ISR

Diesel Maya+Diesel Maya FuelOIl+Dlesel Diesel Maya+Diesel Maya FuelOIl+Dlesel
10,0 20,6 26,7 6,0 15,9 55,5 52,0 46,7 .1,4
6,0 37,4 26,8 16,7 17,3 71,8 55,2 59,2 10,6
3,0 62,0 38,3 41,3 19,9 66.3 60,7 59,6 40,5
0,5 60,3 66,8 50,1 54,3 73,3 74,5 64,4 59,6

ISR VS AGGLOMERANT CONCENTRATION FOR PITTSBURGH NO. 6 COAL

Agglomerant 28 Mesh 200 Mesh
Concentration ISR ISR ISR ISR ISR ISR ISR ISR

% % % % % % % % %

Diesel Maya+Diesel Maya FuelOIl+Dtesel Diesel Maya+Diesel Maya FuelOll+Dlesel
10,0 37,1 20.6 13,1 19.6 60.6 45.9 35.7 31.4

6,0 47.3 27,5 17.7 29,7 62.4 53,6 46,5 40,9
3,0 57,9 42.8 ,46,9 48,1 64,7 61,7 58,6 57.6
0,5 58,6 64,0 61,3 67,3 79,4 77,3 68,9 69,4

ISR VS AGGLOMERANT CONCENTRATION FOR ILUNOIS NO, 6 COAL

Agglomerant 28 Mesh 200 Mesh
Concentration ISR ISR ISR ISR ISR ISR ISR ISR

% % % % % % % % %

Diesel Maya+Diesel Maya FuelOIl+Dlesel Diesel Maya+Diesel Maya FuelOIl+Dlesel
10,0 55,2 39,5 27,5 34,8 52,9 44,5 435 52,4
6,0 57,0 47,5 45,8 39,5 53,5 47,7 56.6 51,2
3.0 60,6 58.1 41,5 60,2 68,0 52,5 53,3 56,2
0,5 57,3 64,3 58,1 72,7 65,9 63,6 61,4 63,8

The performance results for ali project coals at agglomerant concentrations of 0,5% and 3.0%

therefore, are summarized for the 28 mesh and 200 mesh grinds in Tables 7-10 and 7-11. In

general, the agglomeration tests performed with 200 mesh grind size showed better process

performance than those with 28 mesh. Out of the five agglomerants tested, diesel and mixture

of Maya crude/diesel yielded the best sulfur rejections, while Maya crude alone and ml×ture of

Fuel No. 6/dieselprovided a better Btu recovery. This observation wasvalid for both agglomerant
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concentrations, In order to simplify the process performance evaluation, only the results obtained

at 0,5% agglomerant concentration will be used for discussion,

Table 7-10

PROCESS PERFORMANCE FOR DIFFERENT AGGL.UMERANTS
28 MESH

Pittsburgh No 8,, U.p_.E_rFreeport Illinois6
BT__.U_ ISR B..__TLJ ISR BT.U.U IS_...RR

Ag_lomerant 0.5%

Dlesel 83,7 58,6 94,1 60.3 88,0 57,3

Dlesel+ Maya Crude (1:1) 86.3 64,0 93,7 66,8 903 64,3
Maya Crude 75,7 61.3 95,4 50,1 87,0 58,1
Fuel OII No, 6 + Diesel (4:1) ' 85.1 67,3 90.0 54.3 71.3 72,7

Agglomerant 3,0%

Diesel 85,1 57.9 93,8 62,0 91,4 60,6
Diesel + Maya Crude (1:1) 93,1 42.8 96,7 38,3 95,0 58,1
Maya Crude 88,2 46,9 95,6 41,3 9118 41,5
Fuel OIi No, 6 + Diesel (4:1) 93,7 48.1 98.2 19,9 93,9 60,2

Table 7-11

PROCESS PERFORMANCE FOR DIFFERENT AGGLOMERANTS
200 MESH

.pittsburgh N9, 8. U_.p._ I!llnots 6
BT._...._UIS...__R BTU IS.RR BTL__..JJISR

Agglomerant 0,5%
Diesel 86,9 79,4 95,9 73,3 89,4 65,9
Diesel + Maya Crude (1:1) 89,6 77.3 95,4 74,5 93,5 63,6
Maya Crude 93,0 68,9 96,1 64.4 94,6 61,4
Fuel Otl No, 6 + Diesel (4:1) 88,2 69,4 96,g 59,6 94,0 633

A..q.glomerant3,0%

Dtesel 95,6 64,7 98,7 66,3 88,8 68,0
Diesel + Maya Crude (1:1) 94,8 61.7 93.9 60,7 96,9 52,5
Maya Crude 95,5 58,6 96,0 59,6 96,0 53,3
Fuel OII No, 6 -_Diesel (4:1) 98.3 57,6 98,9 40,5 99,6 56,2

For Pittsburgh No. 8 coal with diesel or Maya/diesel agglomerants, the rejection of inorganic sulfur

was in the range of 77%-79% at Btu recovery of 87°-90%, while about 69% ISR at similar Btu

recovery, was achieved for heavier agglornerants (Maya crude or mixture of Fuel Oil No, 6/diesel),
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Both, the Upper Freeport and Illinois No. 6 coals exhibited the same trend as Pittsburgh No. 8

coal. For Upper Freeport coal, diesel and Maya/diesel mixture showed a sulfur rejection of 73%-

75% at a BTU recovery of 95%-96%, whereas the other two agglomerants slightly increased the

BTU recovery to 96%-97% with a sulfur rejection of about 60%-64%. The corresponding data for

the Illinois No. 6 coal were 64%-66% sulfur rejection at 90%-94% BTU for diesel or Maya/diesel

used as agglomerants, and only a slight change in both BTU recovery (94-95%) and sulfur

rejection (61%-64%) was observed for Maya crude and Fuel Oil No. 6/diesel mixture.

Diesel Oil and Maya/diesel blend were considered to be the most suitable agglomerants for ali

three project coals. As the project progressed, the diesel was selected for further testing as Maya

crude was not available. In order to continue the testing with light hydrocarbon, an engineering

analysis of pentane, hexa_,_ and heptane was carried out. As a result of this, heptane was

selected for further testing of light hydrocarbon process.

7.3 Microaqglomerate Recovery Methods

Successful application of the selective agglomeration technology depends on the performance

of two unit operations: the agglomeration process itself and the method used to separate clean

coal from tailings. While it has been demonstrated that flotation was a practical method of

separating microagglornerates produced at low dosages of agglornerants, it would be both

informative and valuable to compile and compare data from tests using other separation methods

in the agglomeration process. Screening (size classification) and phase separation (gravimetric

separation) were selected as two potential separation methods for continuous processing.

Test Objectives

The generic agglomeration experiments performed at the Alberta Research Council had tile

following specific objectives:

o To evaluate screening and phase separation as a separation method for heptane
agg Iotaeration

o To optimize screening for heavy oil agglomeration
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o To investigate process option of using both high- and low-shear without recovery
of microagglomerates

Test Descriptions and Conditions

To expedite the development of these alternative procedures, the old project samples were used

tn this program. Initially, Pittsburgh No. 8 and Maya/diesel combination was tested in order to

develop procedures for microagglomerate recovery. After the testing conditions were established,

the experimental program was extended for other project coals and agglomerants.

The scope of work for these generic agglomeration experiments is summarized below:

o Light hydrocarbon (heptane)

- Microagglomerate recovery using screening and phase separation (Figure
7-7).

.. No microagglomerate recovery.

- Confirmatory tests for Illinois No. 6 and Upper Freeport coals.

o Heavy agglomerants

Microagglomerate recovery using screening (Figure 7-8).

No microagglomerate recovery.

Staged addition of agglomerant followed by screening of agglomerates.

Result Analy...sis

Most of the agglomeration tests with Pittsburgh No. 8 coal and heptane as an agglomerant

resulted in high BTU recoveries, i.e., over 90%. However, when phase separation was used for

agglomerate recovery, BTU recoveries of less than 90% were obser_,ed for tests performed with

20% heptane in the ARC vessel and for ali tests carried out with 10% heptane regardless of the

vessel used. This indicated that lower heptane concentration was insufficient for phase

separation and that the ARC vessel did not produce as tenacious a froth as the Waring blender.
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When screening was used as a means of microagglomerate separation, good BTU recoveries

were observed regardless of the z_eptaneconcentration used.

Screen vs Phase Separation

The results of heptane high-shear agglomeration tests are summarized in Table 7-12. The

experiments were carried out in both, the ARC agglomeration vessel and Waring blender under

the following conditions: 5% and 20% of solids concentration and 20% to 40% agglomerant

concentration. The agglomeration products were separated by screening or phase separation.

lt was observed that tests with lower solids concentration (5%) produced a much higher pyrite

rejections than the tests performed at 20% solids. This was accompanied by a slight reduction

in BTU recovery. As this trend was recorded for ali conditions, i.e., phase separation or screen

recovery and 2,000 or 14,000 rpm high-shear, it appeared that at lower solids concentration less

free py_, particles were incorporated intc agglomerates.

This trend of higher pyrite rejection with no significant BTU losses was also evident when

comparing tests run in the ARC vessel (2,000 rpm) with those run in the Waring blender

(14,000 rpm). Under every set of conditions tested, pyrite rejection was higher in the ARC vessel.

Given that ali other conditions were equal, it could be inferred that the vortexing occurring in the

Waring blender created a more tenacious froth from which pyrite was more difficult to drain during

the recovery process.

Higher pyrite rejection was achieved for screen recovery than for phase separation at equivalent

BTU recoveries. This held true for ali conditions except when high-shear agglomeration took

place in tile Waring blender at a 20% solids concentration. For the latter tests, good recoveries

were achieved, and no significant reduction in the product sulfur content took place. The higher

pyrite rejection achieved by screening was due to more complete froth drainage since in this

case, unlike phase separation, water was allowed to completely drain from the interstices of the

agglomerated product.
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Table 7-12

COMPARISON OF PHASE SEPARATION AND SCREEN RECOVERY

Agglomeration Test Hi,qh-Shear Separation PS
Vessel lD % Solids RPM %Heptar_e Technique Rec % Rej%

Warmg 00266 5 14,000 30 Phase/None 96.1 39.2
Blender 02675 5 14,000 30 Phase/None 95.1 33.2

00299 5 14,000 20 Scr-106/None 96.9 44.8
00300 5 14,000 20 Scr-106/None 95.0 50.0

00263 20 14,000 20 Phase/None 97.6 -2.7
00351 20 14,000 20 Phase/None 98,9 2.0
00297 20 14,000 20 Ser-106/None 100.0 -0.9
00298 20 14,000 20 Scr-106/Non e 99.6 4.2

ARC 00295 5 2,000 40 Phase/None 93.8 62.5
Vessel 00308 5 2,000 30 Scr-1061None 93.9 72.1

00289 20 2,000 30 Phase/None 96.9 21.8
00290 20 2,000 30 Phase/None 95.9 50.0
00303 20 2,000 20 Scr-106/None 95.1 54.0
00304 20 2,000 20 Scr-106/None 94.0 55.3

The best overall performance was reached using a 5% solids concentration in the ARC vessel

followed by screen recovery. For 20% heptane concentration, 93% BTU recovery with rejection

of about 72% of pyrite was achieved. ]'he clean coal total sulfur contents were in the range of

1.9 to 2.0%, and showed a significant reduction as compared with 3.8% of total sulfur in feed

coal.

Tests Incorporatin.q High- and Low-Shear

A series of heptane high-shear experiments was repeated, incorporating a low-shear

agglomeration step followed by screen recovery (low-shear/screening). Six percent Maya crude,

based on initial feed coal weight, was added during the low-shear step for ali these tests. Low-

shear step was performed in the ARC vessel at 1,800 rpm.

For high-shear tests performed in the Waring blender with subsequent low-shear, an increase in

pyritic sulfur rejection of about 10% was achieved. This trend was observed regardless of

whether phase separation or screening was used to recover the microagglomerates. These

results can be seen in Table 7-13.
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Table 7-13

WARING BLENDER RESULTS WITH AND WITHOUT LOW-SHEAR

Htqh-Shear Low.Shear Separation BTU PS

Test lD % Sol _RPM_M % O1.____1 Ol...JI % Ol.___JIMl._nn Technique Rec % Re_e.L_

00266 5 14,000 30 Phase/None 96,1 39.2

00267 5 14_000 30 Phase/None 95.1 33,2
00282 5 14,000 30 Maya 6 16 Phase/Scr-600 96,2 48, 3

00299 5 14,000 20 Scr-106/Non e 96.9 44.8
00300 5 14,000 20 Scr. 106/None 95.0 50,0
00311 5 14,000 20 Maya 6 Scr-106/Scr-75 96,0 55,0

Similar series of heptane high-shear/low-shear experiments was performed utilizing the ARC

vessel as an agglomerator for both stages. The experlrnental results are given in Table 7-14.

For the tests utilizing a phase separation after high-shear step, an addition of a low-

shear/screening stage had no effect on process performance at either 5% or'20% solids. Forthe

screening tests, no significanteffect of adding a low-shear/screening stage was observed at a 5%

solids concentration, but at 20% solids concentration an increase inpyritic sulfur rejectionof about

20% was observed.

Table 7-14

ARC VESSEL RESULTS WITH AND WITHOUT LOW.SHEAR

High-Shear Low-Shear Separation BTU PS
Test lD % Sol RP_._.M.M% Oi__.__l Oi_JI % Oi_._.__lMi__.nn Technique Rec %

00293 5 2000 30 Phase/None 89.3 78.0
00294 5 2000 30 Phase/None 84.6 77.5

00288 5 2000 30 Maya 6 16 Phase/Scr-45 89,6 72.6

00289 20 2000 30 Phase/None 96,9 21.8
00290 20 2000 30 Phase/None 95.9 50.0

00286 20 2000 30 Maya 6 16 Phase/Scr-600 94.7 45,7
00287 20 2000 30 Maya 6 16 Phase/Scr-600 96.7 19.5

00308 5 2000 30 Scr-106/None 93.9 72.1

00313 5 2000 30 Maya 6 16 Scr-106/Scr-45 93,9 66,4
00314 5 2000 30 Maya 6 16 Scr-106/Scr-45 94.9 69.8

00305 20 2000 30 Scr-106/None 96,3 26.3

00312 20 2000 30 Maya 6 16 Scr. 106/Scr-600 95.7 45,1
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The effect of incorporating a tow-shear/screening stage with no recovery of microagglomerates

was investigated for both the Waring blender and the ARC vessel. The results are presented in

Table 7.15.

When the ARC vessel was used for high-shear agglomeration, the addition of a low-

shear/screening stage resulted in dramatic reductions in pyrite rejection, approximately from 75%

to 40% and from 55% to 0% for 5% and 20% solids respectively. In contrast, the addition of a

low-shear/screening stage subsequent to Waring blender hlgh-shear resulted In an increase of

pyrite rejection, from 45% to 60%, at heptane concentration of 20%.

Table 7-15

EFFECT OF LOW-SHEAR WITH NO MICROAGGLOMERATE RECOVERY

High-Shear Low-Shear Separation BTU PS

Test lD % So.__.._l RP.__MM % O1....__1 O1_1 % Ol._._._lMi__.nn Technique Rec %

00306 5 2000 20 Scr- 106/None 92,3 78.4
00307 5 2000 20 Scr- 106/None 92.6 73,1
00328 5 2000 20 Maya 6 16 None/Scr-75 94,6 35,0
00329 5 2000 20 Maya 6 16 None/Scr-75 g5,0 42,2

00303 20 2000 20 Scr-106/None 95.1 54.0
00304 20 2000 20 Scr- 106/None 94,0 55.3
00323 20 2000 20 Maya 6 16 None/Scr.300 98,8 0.7

00299 5 14000 20 Scr. 106/none 96.g 44.8
00300 5 14000 20 Scr- 106/None 95,0 50.0

00326 5 14000 20 Maya 6 16 None/Scr.75 94,2 63.9
00325 5 14000 20 Maya 6 16 None/Scr-75 95,7 56,7

00301 5 14000 10 Scr-106/None 95.5 63.4
00302 5 14000 10 Scr-106/None 95,7 61.7

00327 5 14000 10 Maya 6 16 None/Scr-75 88,0 62,5

For 10% heptane concentration test (#327), no improvement in pyritic sulfur rejection was

achieved and a reduction in BTU recovery was observed. This drop irl BTU recovery was

believed to be an anomal, but evaluation of the screening procedure used to recover the final

agglomerates suggests that the use of excessive washing combined with lower heptane

concentration led to the loss of coal matter.
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Heavy Oils - Multiple Screen Tests

A series of tests was performed using multiple screens to recover products from the heavy

agglomerant process. Ali of these tests were carried out using the ARC vessel (2,000 rpm) at

a 20% solids concentration with varylng amounts of the Maya-diesel mixture applied as a binder.

These multiple screen tests consisted of hlgh-shear agglomeration and screenlng and the results

are given in Table 7-16.

A series of tests carried out at oil concentrations 1%, 4%, 6%, and 10% using a 28 mesh grind

indicate, that higher oil concentrations allow the use of larger screens appearing to achieve

satisfactory BTU recoveries, lt was determined that a 106 um screen would be sufficient to

recover products from 28 mesh grind tests. For this screen, the Btu recoveries ranged from 97%

for a 10% otl concentration to 53% for a 1% oil concentration. The next screen of 212 urn,

provided recoveries in the range 76 to 28% under Identical conditions.

Two tests with multiplescreening were conductedfor 200 mesh grind size and 6% concentration

of Maya-diesel mixture. The results of these tests indicated that the smallest screen tested, i.e.,

45 urn, had to be used to recover about 70"/oof the coal. Data for the multiple-screen tests are

presented in Table 7-16.

7-20



........... _ _ _ o_ _

Z

_ 00000 00000 000 000 O0 COO COO

zzzzz zzzzz zzz _zz_. _ _z _z0 _ _o_o_o o_o_o ooo o _ _



Effect of Low-Shear on Heavy OII A,q,qlomeratlon

A series of tests were conducted Incorporating a low-shear/screening stage and the results are
r

presented In Table 7-17.

For 200-mesh top size tests and 6% Maya-diesel as a binder, strnllar results were achieved

whether or not a subsequent low-shear/screening step was used following the Initial high.

shear/screening step. This suggested that the coal beneflclatlon took place during the high-

shear/screening step. However, Identicaltests for 28 mesh top size showed slight improvement

In pyrite rejection at comparable BTU recoveries when low-shear/screening was Incorporated,

This additional Improvement in product quality might be the result of particle degradation during

low-shear mixing, which In turn resulted in additional liberation of pyrite.

Table 7-17

EFFECT OF LOW-SHEAR ON MAYA-DIESEL AGGLOMERATION TESTS

High-Shear Separation BTU PS
Test lD _ Ol.._l _/_._._O1_._[I L-S Mtn Technlque.__ Rec %

00270 200M M1/D1 6 Scr-45/None 61.0 52.2
00271 200M M1/D1 6 Scro45/None 56.8 66,6
00273 200M M1lD 1 6 16 Scr.45/Scr-45 52.6 68.5
00274 200M M1/D1 6 16 Ser-45/Scr-45 58,2 64,4

00252 28M M1lD 1 6 Ser-106/Non e 88.3 16,3
00253 28M Ml/D1 6 Ser-106/None 85,3 17,8
00257 28M Ml/D1 6 16 Scf-106/Scf. 106 87.6 25,9
00256 28M M1lD 1 6 16 Scf. 106/Scf. 106 89,6 22,5

Effect of Various Recovery Techniques in Staged Addition Tests

A series of tests was performed using staged addition cf 6% Maya-diesel binder, with some diesel

beirlg added to the high-shear step and the remaining oil added to the low-shear step. Tile

results of these tests are presented in Table 7.,18. For tests without microagglomerate recovery

between high- and Icw-shearagglomeration, no pyrite rejectionwas achieved. For tests inwhich

microagglomerates were recovered prior to low-shear, good pyrite rejections were observed. In

particular, tests which used a single-stage of flotation achieved significant pyrite rejection at good

BTU recoveries. This led to the conclusion that for heavy oil tests utilizing a low-shear step,

agglomerate recovery had to be performed prior to low-shear to reject pyrite,
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Table 7-18

EFFECT OF AGGLOMERATE RECOVERY IN STAGED ADDITION TESTS

._ High-Shear Low.Shear Separation BTU PS

Test lD Top S!ze 01_.[ % 01..__.._1 01..._1 % 01_.____1Mt__.nn Technluq._ Rec %

00275 200M Diesel 1 M_D2 5 16 None/Sar.45 98,9 .0,9
00276 200M Diesel 1 M3/D2 5 16 None/Ser-45 09,6 2,8
00284 200M Diesel 1 M3/D2 5 16 Flot/Flot 95,5 41.5
00285 200M Diesel 1 M3/D2 5 16 Flot/Flot 94,3 42,7
00260 200M Diesel 1 M3/D2 5 16 Scr-45/Scr-45 45,1 69,1
00261 200M Diesel 1 M3/D2 5 16 Sar-45/Sor-45 47,1 67,9

7.4 S!nqle-Staqe High-Shear Operation

7.4.1 Grinding Methods

Test Objectives

To determine the effect of wet versus dry grinding on agglomeration process performance,

Test Descriptions and Conditions

A small program designed for the evaluation of grinding methods Is presented in Table 7-19.

Table 7-19

TEST CONDITIONS

Coal Pitlsburgh No, 8 (Predeaned)
Agglomeranl Maya crude + diesel oil (1:1 ratio)
Agglomeraqt concentration, % 1,0% for single-stage process

1,5% tor two-stage process
Grinding procedure Dry, w_Jt
Grind size, mesh 28,200 - single-stage process

28/200 - two-stage process
High.shear, rpm 2000
High-shear residence time, mln 4

Result Analysis

Test results are summarized in Table 7-20.
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Table 7-20

DRY VS WET GRINDING

Bench Scale ReM Basis

Serial Lab Top Size Grinding Test BTU Rec PSR BTU Rec PSR

No-- lD___ (mesh)_ proeedur...ee Proaedure % _o/_ ,%

522 PLT.244 28 Dry Single.stage 95°3 21.2 92,4 53,4
359 PLT-201,t 28 Wet Single-stage 96,7 34,6 93,8 61,3

526 PIT-246,1 200 Dry Single-stage 97,9 14,7 94,8 49,6
361 PLT.203 200 Wet Single.stage 98,8 33,0 95,8 60,4

527 PLT-250 28 + 200 Dry Two-stage 94,2 38,3 91,3 63,5
552 PIT-A 28 + 200 Wet Two-stage 96,5 49°0 93,6 69,9

Analysis of the test results shows that a wet grinding of feed coal prior to high-shear

agglomeration Is beneficial in terms of pyritic sulfur rejection, This trend is obsewed for both

grind sizes as well as for the different test procedures (single- and two-stage). The wet grinding

method was adopted for ali feed samples preparation throughout the program.

7.4,2 Confirmatory Tests

The selection of agglomerating liquids (heavy and light) and the dosages for the heavy oils were

performed In Task 5.1, After completion of the task, three new coal samples were introduced into

the program followed by addition of the fourth coal (Kentucky No. 9) at a later stage. Since each

coal sample may have its own characteristic response to selective agglomeration, a series of test

was performed to ensure the continuity between the agglomerant evaluation tests conducted on

the three initial project samples and the remainder of tile test work to be conducted on the new

coal samples.

Test Objectives

To confirm the developed agglomeration procedure using the new coal samples and to determine

the agglomeration response of each coal with various top sizes.
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Tesi Descriptions and Conditions

Agglomeration tests with new coal samples were conducted utilizing a standard ARC proaedure

developed at the early stage of the program,

Table 7-21

TEST CONDI'IIONS

Coa._.._l Illinois.NO 6 u_per Freeport, pittsburgh No, 8 Kentuoky..No_.9.

Agglomerant type Diesel, Heptane Diesel, Heptane Diesel, Heptane Diesel, Heptane
Agglomerant % 1,20 1, 20 1, 20 1,20
Grind size, mesh 28, 200 28,100, 200 28, 100, 200 28,100,200
Solids concentration % 20, 5 20, 5 20, 5 20, 5
High-shear rpm 2000 2000 2000 2000
High-shear residence time, rnln 4 4 4 4
Mtcroagglomerate recovery method 2.Flot/Sor 2.Flot/Sar 2.Flot/,Scr 2.Flot/Scr

Result Analy.#l_.s

The test result are presented In Table 7-22, 7-23, 7-24 and 7-25,

Table 7-22

CHARACTERIZATION TESTS
ILUNOIS NO, 6

Bench Scale ROM Basis

Serial Lab Sample BTU Rec PSR BTU Rec PSR
No_.__..__ lD_. TopSiz e _ 0I...._1 % % % '%

374 111-201 28 Diesel 80,7 48,1 75,6 81,5
381 111-206 200 Diesel 93,9 38,7 88,0 78,1

412 111-220 28 Heptane 93,1 9,5 87,2 67,7
404 111-2'14 200 Heptane 92,1 21,4 86,2 71,0
405 111-214,1 200 Heptane 92,0 23.7 86,2 72,8

Table 7-23

CHARACTERIZATION TESTS
UPPER FREEPORT

Bench Scale
Serial Lab Sample BTU Rec PSR

No, 113 'To_ze (Mesh OI.__1 %........ )_ % __.

871 UFP-264 28 Diesel 75,4 77.7
868 UFP-262 1O0 Diesel 84,7 76,5
367 UFP-200 200 Diesel 95,6 58,0

426 UFP-214 28 Heplane 94,2 27,1
839 UFP,25,8 1O0 Heptane 95,7 42,5
840 UFP-258.1 1O0 Heptane 94,0 39,7
795 UFP-256 200 Heptane 94,4 62,3
796 UFP-256,1 200 Heptane 94,8 60,2
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Table 7-24

CHARACTERIZATION TESTS
PITTSBURGH NO, 8

Bench Scale ROM Basis

Serial Lab 3ample BTLJRec PSR BTU Rec PSR
No____, lD T_opSIze (Mech,. 01_...[I _%0_ _ _.%__. °/o

814 PLT.281 28 Dlesel 97,6 25,3 94,6 55,9
608 Prr.278 1oo Dl_sel 98,0 34,7 95,0 61,4
B23 PLT-283 100 Dlesel 98,9 32,7 95,8 60,2
357 PLT.200 200 Diesel 99,0 31,6 96,0 59,6

417 PLT.216 28 Heptane 97,4 8,2 94,4 45,7
809 PLT-279 100 Heptane 97,6 37,2 94,6 62,9
810 PI'F.279,1 1O0 Heptane 97,3 36,3 94,3 82,3
790 PLT.275 200 Heptane 98,2 38,1 95,2 63,4

Table 7.25

CHARACTERIZATION TESTS
KENTUCKY NO, 9

Bench Scale

Serial Lab Sample BTU Rec PSR

No_._..L, ID...D. T...£opSize (Mesh) Cim[ . % %

877 KEN-42 28 Diesel 96,9 48,2
851 KEN-32 1oo Dlesel 97,3 38,8
852 KEN-32,1 1O0 Diesel 97,9 40,3
878 KEN-43 200 Diesel 97,6 43,7
891 KEN-44 28 Heptane 88,9 26,6
853 KEN-33 1O0 Heptane 98,2 36,1
854 KEN-33,1 1O0 Heptane 97.9 30,9
922 KEN-45 200 Heptane 94,6 39,3

The results of confirmatory tests performed wlth the "new" project coals showed similar response

as observed for the "old" project coals, There was no requirement for the procedure changes in

the agglomeration expertlnents. Analysis of the test results showed that, for tleavy agglomerant

case, the process performance for the raw coal samples (Upper Freeport, Kentucky) with the top

size 28 mesh was considerably better In terms of pyritic sulfur rejection than those with the top

size 200 mesh, For the precleaned coals (llllnols No, 6, Pittsburgh No. 8) there was no significant

difference in the process performance for 28 and 200 mesh samples, For the heptane case, a

finer grinding (200 mesh) was required to achieve a reasonable level of pyritic sulfur rejection,
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7,4,3 Optimization Tests

An extensive laboratory program was carried out to Investigatethe effect of high-shear process

variables and to determine ti!e optimizedconditions for both diesel and heptane processes. The

process variables studied in this activity included agglomerant concentration, high-shear solids

concentration, residence time, mlxtng Intensity, flotation solids concentration, flotation time, and

incremental flotation.

The test conditions for these experiments are summarized in Table 7-26, and are used for the

discussion of the results In Sections 7.4.3.2 to 7.4.3.5, Inclusive.

Table 7-26

EVALUATION OF HIGH-SHEAR AGGLOMERATION
TESTING CONDITIONS

Parameter R_ange

Agglomerant Diesel, Maya + Diesel, Heptane
High-shear mlxlng intensity, rpm 1600, 2000, 2400
High.shear residence time, rntn 0.5, 1,4
High-shear solids concentration, % 5, 10, 15, 20
High.shear heavy etl addition, % 1
High-shear heptane addition, % 6, 10, 20, 30, 50, 100, 150
Mtcroagglomerate recovery by flolatlon 1-stage, 2.stage

(diesel, heptane)
Mlcroagglomerate recovery by screening 106, 150, 212,425, 600

(heptane). screen opening, um
Coal top size, mesh 28, 100, 200

The batch test program was designed considering several levels for each variable that was

deemed to be important for selective agglomeration, Each of these variables was evaluated for

their potential effects on agglomeration performance with respect to BTU recovery and pyritic

sulfur rejection by conducting tests in several series, After each test matrix was completed,

variable levels for subsequent testing were fixed, the operating regions were narrowed down and

set the basis for"optimization,

Result Anal_

The results are presented in separate tables for each test matrix with the discussion following.
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7.4.3.1 Agglome _t Concentration and High-Shear Solids Concentration

While the dosage for the heavy oil (diesel) was selected after completion of Task 5.1, optimum

values for the heptane dosage were not fully explored. In this section the effect of heptane

addition as well as the influence of solids concentration in the high-shear for diesel and heptane

cases are discussed.

Table 7-27

EFFECT OF AGGLOMERANT ADDITION AND SOUDS CONCENTRATION
ILLINOIS NO. 6

Bench Scale ROM Basis
Serial Lab Agglomerant Top Size High-Shear BTU Rec PSR BTU Rec PSR

No. ID_D._ Conc % (mesh) Solids % % % % %

Maya + Diesel (1:1)

375" ILL-202 1.0 28 20 98,0 18.5 91.6 70,9
378" iLL-204 1,0 28 5 96,7 17.1 90,4 70,4
382' ILL-207 1,0 200 20 98,4 "12.2 92.0 68.7
385° ILL-209 1.0 200 5 98.7 6.6 92.3 66.7

Heptane

468" ILL-2.35 6.0 200 5 45.4 71,5 42.5 89.8

456 ILL-222 10.0 200 5 82.9 25.6 77,6 73,4 (106)
404 ILL-214 20,0 200 5 92.1 21.4 86.2 71.9 (10(;)
405 ILL-214.1 20.0 200 5 92,0 23.7 86.2 72.8 (106)
457 ILL-223 30.0 200 5 92.4 20.8 86,4 71.7 (106)
458 ILL-224 150.0 200 5 95.3 23.5 89.1 72,7 (106)

495 ILL-225 50.0 200 10 63.7 58.3 59.5 8511 (106)
496 ILL-226 100,0 200 10 74.9 41,5 70,1 79.1 (106)
497 ILL-227 150,0 200 10 59,5 66.3 55 6 88.0 (106)
504 ILL-227.1 150.0 200 10 60.7 68,8 56.8 88.9 (106)

505 ILL-228,1 50.0 200 15 77,0 37,5 72.0 77.7 (106)
498 ILL-228 ET,0,0 200 15 87.0 18.0 81.3 70.7 (106)
499 ILL-229 10,t).0 200 15 81,0 31.9 75,8 75,7 (106)
500 ILL-230 150.0 200 15 83,2 33.1 77,8 76.1 (106)

465 tLL-231 50.0 200 20 97.7 -0,4 91.3 64,2 (106)
466 ILL-232 100,0 200 20 97,6 -3.5 91,2 63.0 (106)
467 ILL-233 150,0 200 20 94,5 9,0 88.4 67.5 (106)

411 ILL-219 20.0 28 5 86.4 18.2 80.8 70.8 (150)
412 ILL-220 20,0 28 5 93.1 9,5 87,2 67.7 (106)

*Microagglomerate recovery by 2-stage flotation
In brackets - screen size in microns

rpm- 2000
Residence time . 4 min
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Table 7-28

EFFECT OF AGGLOMERANT ADDITION AND SOLIDS CONCENTRATION
PITTSBURGH NO. 8

Bench Scale ROM Basis

Serial Lab Agglomerant Top Size High.Shear BTU Rec PSR BTU Rec PSR
No. ID,._ Conc % (mesh) Solids % % % % %

_Maya+ Diesel (1:1,)

358' PLT-201 1.0 28 20 97.2 18.0 94.3 51.5
363' PLT-205 1,0 28 5 94.0 34,7 91,2 61,4
432' PLT-217 1.0 200 20 98.6 26.7 95.6 56,7
435" PLT-219 1.0 200 10 99.0 32,9 96.0 60.3
433" PLT-218 1,0 200 5 98.8 40.2 95,8 64.6

Heptane

481 ° PLT-243 6.0 200 5 43,0 84,8 41.7 91.0

459 PLT-231 10,0 200 5 97,0 48.3 94,0 69,4 (106)
790 P1%275 20.0 200 5 98,2 38.1 95,2 63,4 (106)
460 PLT-232 30.0 200 5 99.2 35,6 96.1 62.0 (106)
461 PLT-233 150,0 200 5 97.5 29,2 94,4 58.2 (106)

47B PLT-240 50.0 200 10 98,8 28,5 95,7 57.8 (106)
503 PLT-241.1 50.0 200 10 98,5 36.9 95.4 62.7 (106)
479 PLT-241 100.0 200 10 98,7 27.1 95,7 56.9 (106)
480 PLT.242 150.0 200 10 98.2 32,4 95,2 60.0 (106)

475 P#T-237 50.0 200 15 99.0 14.2 95.9 49.3 (106)
502 PLT-237.1 50.0 200 15 100.2 23,3 97,1 54,7 (106)
476 PLT-238 100,0 200 15 98.6 21.2 95.6 53,4 (106)
477 PLT-239 29%(.0 200 15 98,3 23.5 95,3 54,8 (106)

472 PLT-234 50.0 200 20 99.2 10.5 96.1 47.1 (106)
473 PLT-235 100.0 200 20 99.4 8.2 96,3 45,7 (106)
474 Plr.236 150,0 200 20 99,4 6.G 96.3 44.8 (106) .-

416 PLT-215 20.0 28 5 92,6 20.0 89,8 52,7 (425)
417 PLT.216 20,0 28 5 97,4 8.2 94.4 45.7 (212)

415 PLT-214 20.0 28 20 99,0 12.1 96,0 48,1 (600)
414 PLT-213 30.0 28 20 99.1 6,7 96.1 44.9 (600)

=

"Microagglomerate recovery by 2-stage flotation
In brackets - screen size in microns

rpm- 2000
Residence time - 4 min

"c_

I

7-29 -_



Table 7-29

EFFECT OF AGGLGMERANT ADDITION AND SOLIDS CONCENTRATION
UPPER FREEPORT

Bench Scale ROM Basis

Serial Lab Agglornerant Top Size High-Shear BTU Rec PSR BTU Rec PSR
No......__ lD Conc % (mesh) Solids% % % % %

.,Maya+ Diesel {1:!.).

387' UFP-205 1,0 28 20 84,7 64.0
389" UFP-207 1.0 28 5 91,2 65,5

Heptane

483" bFP-222 6.0 200 5 48,4 89.2
484' UFP-222.1 6,0 200 5 49.3 89.0

462 UFP-219 10,0 200 5 94,8 62.9 (106)
795 UFP-256 20,0 200 5 94,4 62.3 (106)
796 UFP-256,1 20,0 200 5 94,8 60.2 (106)
463 UFP-220 30,0 200 5 98,2 46.0 (106)
464 UFP-221 150.0 200 5 99,7 42,4 (106)

487 UFP-224 50.0 200 10 98,2 35.2 (106) -
489 UFP-225,1 100.0 200 10 96,5 35.0 (106)
488 UFP-225 100,0 200 10 97.2 34,1 (106)
491 UFP-226 150,0 200 10 96.5 32.3 (106) -

490 UFP-227 50.0 200 15 100,1 16,1 (106) -
492 UFP-228 100,0 200 15 98,1 36,1 (106) -
493 UFP-229 150.0 200 15 96.6 30,5 (106)

506 UFP-230,1 50,0 200 20 98,4 15.5 (106)
494 UFP-230 50.0 200 20 97.7 14.6 (106)
507 UFP-231 100.0 200 20 97.2 13,3 (106)
508 UFP-232 150.0 200 20 98,3 9.6 (106)

425 UFP-213 20.0 28 5 88,1 37,4 (425)
426 UFP-214 20.0 28 5 94,2 27.1 (212) -

°Microagglomerate recovery by 2-stage flotation
In brackets - screen size in microns

rpm - 2000
Residence time - 4 rain
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Table 7-30

EFFECT OF AGGLOMERANT ADDITION AND SOLIDS CONCENTRATION
KENTUCKY NO. 9

Bench Scale

Serial Lab Top Size High-Shear Heptane Screen BTU Rec PSR
No, lD (mesh) Solids % Conc % Size (urn) % %

798 KEN-14 28 5 10,0 106 97.9 14.0
799 KEN-15 28 5 30,0 106 97.2 11,7
800 KEN-16 28 5 150,0 106 97,3 16,4
801 KEN-17 28 5 10,0 400 91.0 52.0
826 KEN-18 28 5 30.0 400 g1,0 43.3
802 KEN-19 28 5 150.0 400 83,4 40.5

803 KEN-23 28 20 10,0 600 93.2 43.6
818 KEN-24 28 20 30.0 600 96.1 25,1
804 KEN-25 28 20 150,0 600 88.6 32,3

815 KEN-20 200 5 10.0 106 93.2 65,7
816 KEN-21 200 5 30,0 106 g8.7 51.3
817 KEN-22 200 5 150,0 106 96.8 46,1

805 KE N-26 200 20 10,0 106 98,g 47,1
819 KEN-27 200 20 30.0 106 97.6 33.3
806 KEN-217,1 200 20 30,0 106 98.g 35.7
807 KEN.28 200 20 150.0 106 99.3 21.7

rpm - 2000
Residence time - 4 min

Analysis of the test data reveals that for the heavy oil (Maya + diesel) case the solids

concentration does not have a significant effect on process performance for Illinois No. 6 and

Upper Freeport coals, while for Pittsburgh No. 8 coal the efficiency of process increases with the

decrease of high-shear solids concentration. Further experiments conducted with Pittsburgh No.

8 coal at various solids content in the flotation stage showed that the performance of the

agglomeration process with a high solids content in high-shear stage (20%) can be improved by

using lower solids content in the flotation step (see Section 7.4.3.3).

For the heptane process, a comparison of the results obtained for various solids concentrations

shows a significant effect of this parameter on the process performance for each coal. A lower

solids concentration leads to a higher pyritic sulfur rejection at a comparable BTU recovery (over

90%). For the Illinois No. 6 coal, it is observed that increasing solids concentration from 10 to
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20% leads to a higher BTU recovery with the decease in pyritic sulfur rejection, lt should be

noted that the BTU recovery for Illinois No. 6 is lower than for other project coals due to the

poorer agglomerating properties of this coal.

The effect of the heptane addition on the process performance for Illinois No. 6 coal is not

significant within each solids concentration. For Pittsburgh No. 8, Upper Freeport and Kentucky

No. 9 coals the results show that 10-20% of heptane is the optimum concentration range to

achieve the best performance. A low heptane concentration, such as 6%, is insufficient to

achieve a high BTU recovery.

A series of tests was conductedwith the coal samples at 28 mesh top size using various screen

size opening for the recovery of microagglomerates.

The results presented in Table 7-30 show that screen size has a significant effect on

agglomeration performance. The pyritic sulfur rejections increase in ali cases when a larger

Screensize opening is used. However, a decrease in BTU recoveries was observed at the same

time. This can be concluded from the results of the tests carriedout to compare screen openings

of 106 and 400 microns at identical test conditions (5% solids concentration and 28 meshgrind).

The set of tests carriedout at 20% solids concentration using screen opening of 600 micronsalso

shows an improvement in PSR. A positive effect of a large screen opening in this case

compensates for a diminishing effect of an increased solids concentration on pyritic sulfur

rejection.

A comparison of agglomeration results for ali project coals at a different particle size, solids

concentration, agglomerant addition and screen size opening allowed to narrow down the high-

shear operating conditions to the following'
, ,

Table 7-31

HIGH-SHEAR OPERATING CONDITIONS

Diesel Case H_C as__._e

Coal panicle size, mesh 28, 100 200
Solids concentration, % 20 5
Aggiomerant addition, % 1 10-20
Screen size opening, um 106

7-32



7.4.3.2 High-Shear Agitation and Residence Time

Several test matrices were designed to determine the influence of high-shear mixingintensity and

residence time on the agglomeration products' quality. The results of these tests are presented

in Tables 7-32, 7-33 and 7,34.

Table 7.,32

EFFECT OF HIGH-SHEAR CONDITIONS
PITTSBURGH NO. 8 COAL

Bench Scale ROM Basis

Serial Lab Top Size Res Time BTU Rec PSR BTU RAc PSR
No____.:_ lD (mesh) _ RP_....MM % % %

Maya-Diesel Mixture at 1%

768" P IT-268 200 4,0 1600 98.0 35.1 94,9 61.7
769' PLT-269 200 4.0 2000 98,2 33,5 95,2 60.7
770" PLT.270 200 4,0 2400 98,5 38,3 95.5 63.5

Diesel at 1%

808" PLT-278 100 4,0 2000 98,0 34,7 95,0 61,4
822* PLT-282 100 1,0 2000 97,4 40,1 94.4 64.6
823" PLT-283 100 4,0 2000 98,9 32,7 95,8 60,2
847" PLT-285 100 4,0 1600 97.8 32,8 94.8 60.3
970" PLT-291 100 1.0 1600 95,4 47,7 92.5 69,1
971" PLT-292 1O0 1.0 2000 96.6 45,5 93,6 67.8

825" PLT-284 28 4,0 1600 97.3 27.0 94,3 56.9
812 PLT-280 28 1,0 2000 94.8 28.6 91.9 57.8
814 PLT-281 28 4,0 2000 9,7,6 25.3 94,6 55,9
850 PLT-288 28 4,0 1600 98,4 11,3 95.4 47,6
848 PLT.286 28 1,0 2000 96,5 18.9 93,5 52.1
849 PLT-287 28 4,0 2000 97,8 12.8 94.8 48.5
972' PIT-293 28 1.0 2000 91,4 44,5 88,5 67.2

Heptane at 20%

779 PLT-272 200 0.5 1600 92.2 27.2 89,4 57,0
880 PLT.290 200 1.0 1600 86,6 54,4 84.0 73.1
780 PLT-273 200 4.0 1600 97,9 39,3 94,7 64,1
781 PLT.274 200 0.5 2000 97.2 25,7 94,3 56.1
879 PLT-289 200 1,0 2000 93.1 51,3 90.3 71.2
790 PLT.275 200 4.0 2000 97.0 34,8 94,1 61.5
791 PLT.276 200 0,5 2400 92,2 52,7 89,4 72.0
821 PLT.276.1 200 0.5 2400 93.0 51,4 90,2 71.3
792 PLT-277 200 4.0 2400 97,6 37.0 94,7 62.8

809 PIT-279 100 4.0 2000 96,8 34,0 93,9 61.0
810 PIT-279.1 100 4,0 2000 96,5 33,2 93,6 60.5

'Two stages of flotation
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Table 7.33

EFFECT OF HIGH-SHEAR CONDITIONS
UPPER FREEPORT COAL

Bench Scale

Serial Lab Top Slze Res Tlme BTU Re_ PSR

No._.:_, lD _ ..(.n._in) RPM % %

M._va-Dlesel Mixture at 1%

688' UFP-246 200 4,0 2400 85,7 67,2
689°1 UFP-247 200 4,0 2000 89,6 69,8
775 '1 UFP-247.1 200 4,0 2000 91.2 72,3
690" UFP-248 200 4,0 1600 88.5 71,9
777' UFP-250 200 4,0 2000 92,2 69.9

Diesel at 1%

867* UFP-261 1O0 1,0 2000 85_2 77,4
868' UFP-262 1O0 4.0 1600 84,1 77.8
967"! UFP-282 1O0 1,0 2000 85,0 79.2
969°1 UFP-284 1O0 1,0 1600 84.4 80,5

871 UFP-264 28 4,0 2000 75,4 77.7
872 UFP-265 28 4,0 1600 74.9 79,6
873 UFP-266 28 1,0 2000 80.2 76,0
968 _ UFP-283 28 1.0 2000 ?5,6 83,9

Heptane at 20%

794 UFP-254 200 0,5 1600 88,7 56,5
882 U FP-268 200 1.0 1600 93,6 51.9
797 UFP-257 200 4,0 1600 93,5 67,0
793 UFP-253 200 0,5 2000 91.1 42.7
881 UFP-267 200 1.0 2000 90,4 72,8
795 UFP-256 200 4.0 2000 94,4 62.3
796 UFP-256,1 200 4,0 2000 94,8 60,2
837 UFP-252 200 0,5 2400 94,1 46,9
838 UFP-255 200 4,0 2400 95.0 63,6

839 UFP-258 1O0 4.0 2000 95,7 42.5
840 UFP-258.1 1O0 4,0 2000 94.0 39,7

"Two stages of flotation
_pHadjustment with lime
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Table 7-34

EFFECT OF HIGH.SHEAR CONDITIONS
KENTUCKY NO. 9 COAL

Bench Scale

Serial Lab Top Size Solids Microagg Res Time BTU Rec PSR
No....._..= ID.._ __(=mesh) % Rec _.,Lrnln.._. RPM %

Diesel at 1%

910 KEN-38 28 20 1.Stg Flot 1.0 1600 95,4 49,2
874 KEN-38,1 28 20 1-Stg Ftot 1,0 '1600 93.1 53,9
875 KEN-39 28 20 1.Stg Flot 4,0 1600 97.8 43,9
911 KEN-40 28 20 1.Stg Flot 1,0 2000 97,3 43.7
876 KEN-41 28 20 1-Stg Flot 4,0 2000 96,7 43,2
877 KEN-42 28 20 2-Stg Flot 4,0 2000 96,9 48,2
961 KEN-78 28 20 2-Stg Flot 1.0 1600 92.4 63,4

851 KEN-32 1O0 20 2-Stg Flot 4,0 2000 97.3 38,8
852 KEN.32,1 100 20 2-Stg Flot 4,0 2000 97,9 40,3
962 KEN.79 1O0 20 2-Stg Flot 1,0 1600 94,1 60,5

906 KEN-56 200 20 1-Stg Flot 1.0 1600 96.4 45,8
907 KEN-57 200 20 1-Stg Flot 4,0 1600 96,9 42,9
892 KEN-50 200 20 1-Stg Flot 1,0 2000 97,2 41,9
913 KEN.50,1 200 20 1-Stg Flot 1.0 2000 96,6 42.8
878 KEN-43 200 20 2-Stg Flot 4,0 2000 97,6 43,7
893 KEN.51 200 20 1-Stg Flot 4.0 2000 97,9 34,8
963 KEN,.80 200 20 2-Stg Flot 1,0 1600 96.4 56,9

Heptane at 20%

891 KEN-44 28 5 Soreen(425um) 4,0 2000 88.9 26.6
918 KEN-48 28 5 2-Stg Flot 4.0 2000 68,7 70.7
923 KEN.46 28 20 2-Stg Flot 4,0 2000 ,q4,8 45,5
924 KEN-46,1 28 20 2-Stg Flot 4.0 2000 94,6 47,0

927 KEN-64 100 5 Screen(150um) 4.0 2000 94,2 52,0
853 KEN-33 100 5 Screen(212um) 4.0 2000 98,2 36.1
854 KEN-33.1 100 5 Screen(212um) 4,0 2000 97,9 30,9

908 KEN-59 200 5 Screen(lO6um) 1.0 1600 85.5 55,4
909 KEN-60 200 5 Screen(106urn) 0,5 2000 95,5 55,3
g20 KEN-61 200 5 Screen(lO6um) 1.0 2000 g5,3 42,3
922 KEN.45 200 5 Screen(lO6um) 4,0 2000 94,6 39,3
921 KEN-62 200 5 Screen(lO6um) 0,5 2400 91,7 52,8
919 KEN-49 200 5 2.Stg Flot 4.0 2000 79.5 68,7
925 KEN-47 200 20 2-Stg Flot 4.0 2000 94,2 49,0
g26 KEN-47,1 200 20 2-Stg Flot 4,0 2000 94,2 48,'7

H_._tane at 10%

912 KEN-58 200 5 Screen(lO6um) O.b 1600 91,4 22,9 ..'
932 KEN-58,1 200 5 Screen(lO6unl) 0,5 1600 92,7 30,9
933 KEN-58,2 200 5 Scre_n(lO6um) 0,5 1600 92.4 27,7
934 KEN-63 200 5 Screen(lO6um) 1.0 2400 96,0 50,3
956 KEN-65 200 5 l-Stg Flot 4,0 2000 93,5 58,5
957 KEN-66 28 5 l-Stg Flot 4.0 2000 93.4 53,8
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Analysis of the heavy oll test results shows that for a particular coal size, the effect of high-shear

mixing Intensity Is not slgnlflcantwithin the range tested, A hlgh..shearresidence time has much

more Impact on the process performance within the range tested,

The results for ali of the coals show that increased residence time at a constant mixing Intensity

not always provide the best pyritic sulfur rejection. This is probably caused by the fact that there

is an optimum residence ttme to achieve the best separation after which some of the pyrite

partlcles are entrapped in the mlcroagglomerates, thereby diminishing their quality.

The results prove that 1 minute residence time is sufficient to achieve a relatively high pyritic

sulfur rejection at 1600 or 2000 rpm. An application of a two-stage flotation leads to a significant

Improvement tn pyrttlc sulfur rejection without any loss tn the coal matter as compared to the

results of a single-stage of flotation,

The heptane tests show that at 2000 rpm, a 1 minute residence time provides the highest pyritic

sulfur rejection for Pittsburgh No. 8 and Upper Freeport coals, while 0.5 minute residence time

is sufficient to achieve the best separation for Kentucky No. 9 coal.

7.4.3.3 Flotation Solids Contents

Test Oblecttves

To determine the effect of solids concentration on flotation performance.

Test Descriptions and Conditions

A series of tests designed to Investigate tile effects of solid concentration in agglomeration and

flotation operations, were carried out under the following conditions:
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Table 7-35

TEST CONDITIONS

Coal Pltlsburgh No, 8
Grind size, mesh 200

Agglomerant Maya Crude + Diesel Oil (1:1 ratio)
Agglomerant concentratlon, % 1
High-shear, rpm', 2000
Hlgh.she_,r residence time, rain 4
High.shear solids concentration, % 5, 10, 20
Flotation One-stage
Flotation solids concentration, % 1,5, 3,0, 6,0

The standard agglomeration tests with heavy agglomerant were carried out in a 1-1iter

agglomeration vessel utilizing approximately 800 ml of slurry while the separation of

mlcroagglomerates was performed in a 3-1Iterflotation cell, using a diluted agglomerate slurry

(about 2.6 liters). As a result, the solids concentration in the flotation step was reduced by the

factor of two as compared to agglomeration, This series of tests was carried out to determine

whether the improved process performancewas caused by the changes in solids concentration

of the agglomeration, flotation, or both steps. In order to achieve the desired

agglomeration/flotation percent solids in which flotation percent solids was less than half that of

agglomeration,the high-shear productwas split using a riffle. Conversely, the multiple high-shear

products were combined prior to flotation, in order to achieve the flotation percent solids which

would be higher than half that of agglomeration.

Result Analysis

The results of these tests are presented in Table 7-36.

An evaluation of these test results indicates that the percent sollclsat a tligh-shear agglomeration

has no effect on the process performance for a constant solids concentration at flotation step.

However, it can be clearly seen that the percent solids at whtch flotation takes place has a

significant impact on overall testperformance, A reduction insolids concentrationafter high-shear

agglomeration results in higher pyritic sulfur rejection at equivalent BTU recovery.
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However, from a process design stand point, lower solids concentration in the flotation step

means larger float cell volume which Increases fixed costs0 A 6% solids concentration in flotation

step has been selected for conducting other tests requiring flotation to recover the

mlcroagglomerates,

Table 7-36

INFLUENCE OF SOUDS CONCENTRATION ON FLOTATION PERFORMANOE

Sedal I.ab High-shear Flotatlon BTU Pydte ROM Basis
No___., lD__ % Solids % S.___.olld...._s. Re.__._c _ BTURe._.. c PS_....RR

431 PLT.217 20 6 98,5 24,3 95,5 59,9
432 PLT-217,1 20 6 98,8 23.5 95,8 59,5
445 PLT.223 20 3 95,0 37,4 g2,1 66,9
446 PIT-223,1 20 3 98,3 31,5 9503 63,8
447 PIT-224 20 1.5 95,1 40,4 92.2 68,5
448 PIT-224,1 20 1,5 g7,3 39,6 94,3 68,0
449 PLT-225 20 1,5 98.5 38,9 95,5 67,7
450 PIT-225,1 20 1,5 97,8 36,3 g4,9 66,3

441 PLT.221 10 6 99,1 22,7 96,1 59,1
442 PLT-221,1 10 6 98,7 29,6 95,7 62,8
435 PLT-219 10 3 98,9 29,9 g5,9 62,g
436 PLT.219,1 10 3 98,7 31,7 g5,7 63,9
437 PLT-220 10 1,5 98,9 38,2 g5.9 67,3
438 PLT-220,1 10 1,5 98,4 41,2 95.4 68,g
439 PLT-220,2 10 1.5 96.0 44,7 93,1 70,7
440 PLT-220,3 10 1,5 97,2 43,1 94,2 69,9

443 PLT-222 5 3 100,1 30,5 g7,1 63,2
444 PLT.222,1 5 3 98.4 33,5 95,4 64,8
433 PLT-218 5 1,5 98,7 36,6 95,7 66,5
434 PIT-218,1 5 1,5 98,1 41,7 95,2 69,2

7.4.3.4 Flotation Residence Time

This matrix of tests was performed for each coal except Kentucky No. 9, using a Maya.diesel

mixture as an agglomerant, For the Kentucky No. 9 coal (which has replaced Illinois No, 6 coal)

this test matrix was carried out with diesel o11. A limited number of tests In this matrix were

periorrned with Pittsburgh No, 8 and Upper Freeport coals using diesel oil as an agglomerant

since most of the information on the floating characteristics of these coals was received from tile

tests using Maya-diesel mixture. The flotation products were collected as increments at 15, 30,

60 and 120 seconds from the start of flotation and the final froth (barren),
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The results presented in this section reflect tile quality of products collected to barren al_dttle

flotation time Is given as a cumulative time over the entire collection period,

Table 7-37

EFFECT OF HIGH-SHEAR CONDITIONS
ILUNOI9 NO, 6

Bench Scale ROM Be.Is
Serial Lab Re8 Time Cure Rot BTU Reo PSR BTU Rec PSR

No___.._ lid m.(..mln- aP_..MMT!_(seo) % % % °/o

M_.aya.DleselMixture at 1%. 200 Mesh

745 ILL-246 0,5 1600 810 97,8 34,5 91,4 76,6
750 ILL-247 1,0 1600 840 98,7 24,6 92,3 73,1
755 ILL-248 2,0 1600 630 103,8 22,8 97,0 72,4
760 ILL.249 4,0 1600 660 g8,0 30,0 91,6 7_,,0

715 ILL.242 0,5 2000 720 98,2 30,2 91,8 75,1
720 ILL-243 1,0 2000 540 100,0 31,0 93,5 75,4
725 ILL-244 2,0 2000 480 98,7 30,0 92,3 75,0
740 ILL-244,15 2,0 2000 510 95.4 27,5 89,2 74,1
730 ILL-245 4,0 2000 480 98,0 37,1 91,6 '77,6
767 ° ILL-252 4,0 2000 480 98,1 33,8 91,7 76,4

695 ILL-238 0,5 2400 570 97,8 30,3 91,4 75,1
700 ILL-239 1,0 2400 540 97,7 28,0 91,4 74.,3
705 ILL-240 2,0 2400 480 98,3 30,0 92,0 75,0
735 ILL.240,15 2,0 2400 100,1 26,0 93,6 73,6
710 ILL-241 4.0 2400 480 98,7 27,9 92,3 74.3

76"1' ILL,-250 4,0 2400 480 96.6 38,0 90,4 77,9
762_ ILL.251 4,0 1600 660 9_:3,4 31,5 92,0 75,5

'Test run wtth two stages of flotation
_Tests run using standard procedure using two-stage flotation and single froth sampling
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Table 7418

EFFEGT OF HIGH.SHEAR CONDITIONS
PITTSBURGH NO, 8

Benoh Saale ROM Baals
£erlal Lab Re8 Time Gum Flat BTU Rea PSR BTU Rea PSR r

. No_.__, ID_ (m!n ..... RP_..MMT,Ime {see,) % "...%../_ °6

.MaYa.Diesel Mixture at 1%. 200 Mesh

597 PLT-264 0,5 1600 300 97,6 34,7 94_6 61.4
602 PLT-265 1,0 1600 240 98.2 29,9 95,1 58,6
607 PLT.266 2,0 1600 220 97,8 32,7 94,7 60,2
612 PLT.267 4,0 1600 200 98,7 29,4 95.6 58,3

539 PLT-255 0,5 2000 220 97,5 28,7 94,5 57,8
549' PLT-259 0,5 2000 270 97,7 34.3 94,7 61,2
562 PLT-256 1.0 2000 180 98,9 26,2 95,8 56,4
567 PLT-257 2,0 2000 210 97,4 30,3 94,4 58,8
544 PLT-258 4,0 2000 210 98,6 30,3 95,5 58,8
786" PLT-271 4.0 2000 390 98,8 43,6 95,7 66,7

572 PLT-260 0,5 2400 200 98,1 30,5 95,1 59,0
577 PLT-260,15 0,5 2400 200 98,3 27.9 95,3 57,4
582 PLT-261 1,0 2400 200 98.5 36,2 95,5 62,3
587 PLT.262 2,0 2400 180 98,7 29,0 95,6 58,0
592 PLT-263 4,0 2400 190 98,7 32,0 95,6 59,8

Diesel OII at 1% • 28 Mesh
825 PLT.284 4,0 1600 200 96,7 24,8 93,8 55,6
812 PLT-280 1,0 2000 210 94,1 26.7 91,3 56,7
814 PLT-281 4,0 2000 180 96,9 23,3 94,0 54,7

Dtesel OII at I% - 100 Mesh

847 PLT-285 4,0 1600 210 97,0 30,0 94,1 58,6
822 PLT.282 1,0 2000 210 96,5 36,6 93,6 62,5
823 PLT-283 4,0 2000 180 98,1 29,8 95,2 58,5

'Pyrite depressant added
_Two stages of flotation
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Table 7.39

EFFEOT OF HIGH.SHEAR CONDITIONS
UPPER FREEPORT

Bench Soale
Serial Lab Res Time Gum Fief BTU Rec PSR

mNo, lD _ RPM Time (see) % °/o

Maya.Diesel Mixture at 1%. 200 Mesh

637 UFP.2_37,5 0,5 1600 390 94.0 50,4
652 UFP-240 5 1,0 1600 375 94,7 49,7
672 UFP,,243,5 2,0 1600 420 92,9 54,9
682 UFP-245,5 4,0 1600 450 92,5 55,5
687 UFP-245,15 4,0 1600 450 92,6 54,6

622 UFP.234,5 0,5 2000 270 93,3 49,3
632' UFP-236,5 0,5 2000 330 94,9 54,0
647 UFP-239,5 1,0 2000 390 93,2 52,1
667 UFP-242,5 2,0 2000 390 92,4 54,7
627 UFP-235,5 4,0 2000 330 88,4 58,4

617 UFP-233,5 0,5 2,400 270 93,0 48,4
7751 UFP.249,5 0,5 2400 300 93,4 63,0
642 UFP-238,5 1,0 2400 390 93,4 57,4
657 UFP.241,5 2,0 2400 360 92,8 56,4
662 UFP.241,15 2,0 2400 360 92,9 54,1
677 UFP.244,5 4,0 2400 330 94,3 51,8

Diesel OII at 1% • 28 Mesh

842 UFP-259 4,0 2000 510 76,6 76,7
844 UFP-260 1,0 2000 480 81,5 74,7
870 UFP.263 4,0 1600 520 75,5 77,5

Diesel OII at 1% - 100 Mesh

867 UFP.261 1,0 2000 540 85,8 76,1
868 UFP-262 4,0 1600 510 84,7 76,5
967 UFP-282 1,0 1600 520 85,1 79,1

a=
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Table 7..40

EFFECT OF HIGH-SHEAR CONDITIONS
KENTUCKY NO. 9

Bench Scale
Serial Lab ,Res Time Cure Flot BTU Rec PSR

No, ID...D. ..._(mln R_.._PM Time (sec) % °/o

Diesel at 1% - 28 Mesh

858 KEN-34 1.0 1600 210 94.5 45,6
862 KEN-35 4.0 1600 120 97.2 39,5
886 KEN-35,1 4.0 1600 150 97.7 37,6
866 KEN-36 1.0 2000 120 97.3 39.8
890 KEN-37 4.0 2000 180 97,6 34.3

Diesel at 1% - 200 Mesh

901 KEN-53 4,0 1600 300 97.1 46.2
905 KEN-54 1.0 2000 240 96,7 47.1
931 KEN.54,1 1.0 2000 240 97,7 42.6
917 KEN-55 4,0 2000 150 98,6 39,0

The main conclusion that can be drawn from these series of experiments is that each coal has

its individual characteristic response towards agglomeration and flotation, The cumulative flotation

time varied to a great extend among the project coals, with bhe Kentucky No. 9 showing the

fastest response to flotation then the other project coals. The Illinois No. 6 coal demonstrated

the slowest floating tendencies, which can be attributed to a lower hydrophobicity of this coal as

compared with other coals. The flotation response of Upper Freeport coal was slightly lower than

that of Pittsburgh No. 8 coal as it is seen from tests using Maya-diesel mixture. A new Upper

Freeport coal sample was used in the program after completion of Task 5.1. Several confirmatory

tests have been performed using a new Upper Freeport sample and diesel oil to evaluate the

flotation response. The results indicated that the flotation of microagglomerates obtained from

a new Upper Freeport sample was much slower than that of Pittsburgh No. 8 or Upper Fn. 3port

used in Task 5.1. A slower response to the flotation as well as significantly reduced BTU

recoveries gave an indication that this particular sample of Upper Freeport coal had undergone

a natural oxidation process which significantly altered its agglomerating properties. The BTU

recovery for a 28mesh coal sample was higher at 1 minute high-shear residence time (81.5%)

th_.-_nat 4 minute high-shear residence time (76.6%). This could be explained by the fact that the

coal sample, was characterized by high friability and as a result of that sustained additional

comminution during a prolonged high-shear agitation. The agglomerant consumed at the early
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stage of high-shear mixing was not available to cover the fresh and much larger coal surtace

areas, which were opened during the prolong agitation, This resulted in lower BTU recovery. For

a 100 mesh sample the fresh unoxidized coal surfaces were disclosed during sample preparation

before addition of the agglomerant. As a result, the BTU recovery for 100 mesh sample was

higher than that for a 28 mesh sample at a comparable high-shear conditions and was not

affected by high-shear residence time.

7.4.3.5 Incremental Flotation

The incremental froth flotation experiments provided significant imormation on the coal recovery

at different collection times as well as an estimate on the pyrite entrapment =nproducts.

For the tests carried out with Maya-diesel mixture and Illinois No. 6, Upper Freeport and

Pittsburgh No. 8 coals, the froth was collected as five increments at 15, 30, 60, 120 seconds and

the final froth (barren). These results are presented in Figures 7-9, 7-10 and 7-11. in the tests

performed with diesel oil and Pittsburgh No. 8 and Upper Freeport coals the products were

collected in two increments at 30 seconds and the barren (Figure 7-12). A full test matrix was

carried out with Kentucky No. 9 coal and diesel oil. The products were collected as four

increments at 15, 30, 60 seconds and the barren. The results are shown in Figure 7-13.

For Illinois No. rocoal, a higher agitation (2000, 2400 rpm) and a longer residence time (120 and

240 seconds) provided better feed for flotation step. More than 80% of the clean coal could be
r

collected in the first 120 seconds of the flotation with much lower pyritic;sulfur content then the
, ,j,

final product would have (Figure 7-9). ' L,

', , ,
,: i

For Upper Freeport coal a cumulative pyritic sulfur in the product r'emained fairly constant

throughout the collection period and most of the BTU (over 80%) could :be recovered in the first

120 seconds. Unlike the other coals, the best BTU recovery was obtained for the lowest high-

shear residence time (30 seconds) (Figure 7-10). The explanation of this behaviour was given

in Section 7.4.3.4.

For Pittsburgh No. 8 coal, the cumulative flotation time could be limited to 60-120 seconds as

most of the coal had been recovered within that period of time and pyrite content did not change

much after 30 seconds of flotation.
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For the Kentucky No. 9 coal, the best feed material for flotation was obtained at 1 minute

residence time and 1600 rpm. The flotation could be limited to 60 seconds and provided the

highest pyritic sulfur rejection without affecting the coal matter recovery (Figure 7-13).

7.4.3.6 Screen Loading Effect

Test Obtectives

1"o investigate the effect of screen loading on process performance during microagglomerate

recovery using light hydrocarbon.

Test Conditions and Descriptions

When an agglomeration test is carried out at 20% solids, the 160 grams of coal feed is used,

while a 5% solids test uses only 40 grams of feed coal. Since the standard procedure calls for

the screening of both high-shear products on a 106-micron screen, it is hard to determine whether

the differences in process performance are due to the difference in agglomeration percent solids

or due to the difference in screen Ioadings (4 times greater for the 20% solids case). To

investigate this difference in performance, a test was completed in which four 5% high-shear

products were combined prior to screening, and another test was completed in which a 20%

solids agglomeration product was riffled into four parts, each being screened separately.

Table 7,-41

TEST CONDITIONS

Coal Pittsburgtl No. 8
Grind size, mesh 200

Agglomerant Heptane
Agglomerant concentration, % 20
High-shear, rpm 2000
High-shear residence time, rain 4
High-shear solids, % 5, 20
Microagglomerate recovery '. Screen. 106 um

Result Analysis

Analysis of the test results presented in Table 7-42, indicates that for the same high-shear

agglomeration solids loading, an increased screen loading has a detrimental effect on pyrite

rejection at equivalent BTU recoveries. This phenomenon occurs for both the 40 grams and 160

grams high-shear Ioadings. When comparisons are made at constant screen Ioadings, the

detrimental effect of increased high-shear loading is also observed, lt should be noted that for

7-44
_



the high-shear agglomeration solids at 5%, the effect of screen loading is not as significant (PSR

= 28.1% at 40g screen loading vs PSR = 22.1% at 160g screen loading) as in the case of the

20% high-shear solids (PSR = 18.2% at 40g screen loading vs PSR = 4.0% at 160g screen

loading).

Table 7-42

SCREEN LOADING TESTS

Sedal Lab High-shear Screen BTU Pyrite ROM Basis
No, ID.._ Loadlng(_ Loading(g) Re_.....£o Rej BTU Rec PS....RR

395 PIT-208 40 40 98,2 31,2 95,2 63.6
396 PLT-208.1 40 40 98,4 28,1 95,4 62,0
452 PLT-227 40 160 99.7 22.1 96.7 58,8
451 PLT-226 160 40 98,1 18,2 95,2 56,7
455 PLT-230 160 160 99.8 4,0 96,8 49,2

7.4.4 Other Process Parameters

This section discusses the effects of other process variables not covered in the optimization tests.

The process parameters tested include the use of pyrite depressant, the emulsification of

agglomerants, the effect of coal oxidation, the pH and storage of coal slurry.

7.4.4.1 Pyrite Depressants

Test Objectives

To determine the effect of pyrite depressants on agglomeration product quality.

Test Descriptions and Conditions

Potassium ferrocyanide and oxone monopersulfate were evaluated as the pyrite depressants.

When potassium ferrocyanide was used, a lime was added to the agglomeration step, while for

oxone case it was added to the flotation cell to adjust the pH of microagglomerate slurry. The

depressants were introduced into coal slurry prior to the wet grinding. A two-stage flotation was

used for microagglomerate recovery. The test conditions are shown in [able 7-43.
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Table 7-43

TEST CONDITIONS

Upper Freeport Pl__sburghNo, 8 KentuckyNo, 9

Grind size, mesh 28, 100, 200 28, 100, 200 28,200
Aggtomeranttype (heavy, light) Diesel, Heptane Diesel, Heptane Diesel
Agglomerant concentration,% 1, 20 1, 20 1
High-shear rpm 2000, 2000 2000, 2000 1600
High-shear residence time, rain 1 1 1
High-shear solids, % 20, 5 20,5 20, 5

Results Analysis
,

Test results are presented in Tables 7-44, 7-45 and 7-46.

Table 7-44

PYRITE DEPRESSANT TESTS WITH PITTSBURGH NO. 8 COAL

Pyrite" Pyriteb Bench Scale
Serial Lab Top Size Depressant Depressant Additive BTU Rec PSR

No___...:., ID_ lmesh) _!, (gm), _2, (gin) (gm) % %

Diesel at 1%

980 PLT.297 28 PFCN (0,12) LM (0.48) 87,7 45,0
981 PLT-297.1 28 PFCN (0,12) LM (0,48) 87.7 45,0

984 PLT-298 28 OXN (0,07) , 93.2 41,0
985 PLT-299 28 OXN (0,07) LM (0,10) 94.7 42,9
986 PLT.299.1 28 OXN (0.07) LM (0,10) 94,7 45.2
987 PLT-300 28 OXN (0.42) LM (0,26) 91,0 43,9
g88 PLT-301 28 OXN (0.84) LM (0,30) 78.1 58.0

979 PLT-296 100 PFCN (0,12) LM (0,48) 95.2 49,7
989 PLT-302 100 OXN (0.07) LM (0.10) 97,8 50,3

Tests Without Pyrite Depressants Usinq Diesel

972 PLT-293 28 91,4 44.5

971 PLT-292 100 96,6 45,5

Diesel at 1%

Heptane at 20%

976 PLT-294 200 OXN (0.07) 94.3 58.9
9"77 PIT-295 200 PFCN (0.03) LM (0.12) 87.5 51.0
978 PLT.295.1 200 PFCN (0,03) LM (0.12) 87.3 49,9

Tests Without Pyrite Depressant Usinq Heptana

879 PLT-289 200 94.2 55.9

Ali tests at 2000 rprn for 1 minute residence time.
' Pyrite depressant 1 - PFCN - potassium ferrocyanide

- OXN - oxone monopersulfate
bPyrite d_pressant 2 - LM - lime
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Table 7..45

PYRITE DEPRESSANT TESTS WITH UPPER FREEPORT COAL.

Pyrite• Pynteb Bench Scale
Serial Lab Top Size Depressant Depressant Additive BTU Rec PSR

No..___ ID...D. _sh_ _ 2, (grn) (tim) , °/o °/o

Diesel at 1%

937t UFP-270 28 PFCN (0,12) LM (0,48) 81,5 82,5
938 UFP-271 28 OXN (0.07) - LM (0,52) 79,5 79,6
939 UFP-272 28 OXN (0.42) LM (0,67) 76,8 79,0
940 UFP-272.1 28 OXN (0.42) LM (0,67) 78.0 79,7
941 UFP-273 28 OXN (0,84) - LM (0,75) 69.1 83.1
942 UFP-274 28 OXN (0.07) 76.0 81,7
948t UFP-278 28 PFCN (0.12) LM (0,48) 78,1 83.2

935' UFP-269 100 PFCN (0,12) LM (0.48) 89,0 75,7
936_ UFP-269,1 1O0 PFCN (0.12) LM (0.48) 89,6 75,7
965 UFP-281 100 OXN (0,07) LM (0,52) 83,8 77,0
966 UFP-281,1 100 OXN (0,07) LM (0,52) 84.7 77,8

Tests Without Pyrite Depressant Uslnq Diesel

873 UFP-266 28 80.2 76,0
968 UFP-283 28 75.6 83,9
867 UFP-261 1O0 85,2 77,4
967 UFP-282 1O0 85.0 79.2

2-Staqe Tests with Diesel

950 UFP-280 28+200 OXN (0.07) LM (0,52) 72,1 88.6
964 UFP-279 28+200 OXN (0,07) 75,8 86.6

H_.__)taneat 20%

943 UFP-275 200 OXN (0,02) 88,0 80.5
944 UFP-275,1 200 OXN (0.02) 89,6 76,5
9451 UFP-276 200 PFCN (0.12) I..M (0.48) 92,0 75,3
9461 UFP-276.1 200 PFCN (0.12) LM (0,48) 91.6 73,1

Tests withoutdepressant usinq heptane--

881 UFP-267 200 90.4 72.8

• Pyrite depressant 1 - PFCN -potassiurn ferroc_,antde
- OXN - oxone monopersulfate

b Pyrite depressant 2 - LM - lime
1Depressant added to the flotation cell
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Table 7-46

PYRITE DEPRESSANT TESTS WITH KENTUCKY NO, 9 COAL

Pydte' Pyriteb Bench Scale
Serial Lab Top Size Depressant Depressant Additive BTU Rec PSR

Nora ID. _ _ 2,mm) _ %____

Diesel at 1%

951 KEN-67 28 PFCN (0,12) LM (0,48) 89,3 65,7
952 KEN-67,1 28 PFCN (0,12) LM (0,48) 91,8 62,8
954 KEN*69 28 OXN (0.07) 94.2 56,3
955 KEN-70 28 OXN (0,42) - LM (0,15) 87.2 65,5
959 KEN-76 28 OXN (0,84) LM (0,40) 77,4 76.2

961" KEN-78 28 - 92,4 63,4

953 KEN-68 200 PFCN (0,12) LM (0.48) 89.3 63,0
958 KEN-72 200 PFCN (0,84) LM (0,36) 93,0 60,3
973 KEN-75 200 OXN (0,42) LM (0,36) 9_,5 65,1

963" KEN-80 200 96,4 56,9

• Pyrite depressant 1 . PFCN - potassium ferrocyanide
- OXN - oxone monopersulfate

b Pyrite depressant 2 - LM ,- Itme
*Tests at the same conditions but without depressant addition

For ali the project coals investigated, there was no significant improvement in process

performance for both the heptane and diesel cases, For higher dosages of pyrite depressants,

an increase in pyritic sulfur rejection was observed, however this was accompanied by reduction

in BTU recovery. For a lower depressant concentration, the process performance was similar to

that one without depressant presence. The influence of potassium ferrocyanide and oxone

monopersulfate was also difficult to quantify, as different dosages of these depressants were

used,

For Pittsburgh No. 8 coal, the results for a 28 mesh sample did not show any significant

improvement with the use of either of the two depressants. Pyritic sulfur rejection was usually

in the 40-45% range, with BTU recovery higher than 90%, and tests carried out without

depressants show similar results. Mild dosages of oxone monopersulfate (in the range of 0.07

gm per 160 gm of dry coal) did not have any adverse effect on BTU recovery. However, when

higher dosages were used, significant loss of BTU recovery was observed (Test Nos. 988 and
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990), A relatively small dosages of potassium ferrooyanlde did not provide good BTU recovery

with Pittsburgh No, 8 coal, The limited number of tests with the 100 mesh Pittsburgh No, 8 coal

Indicated a slight improvement In the performance (about 5% Increase in pyritic sulfur rejection

at equivalent BTU recovery)when using depressants. Tests carried out with heptane and a 200

mesh sample also did not lndlcate any SlgnlflcantImprovementwith the use of pyrite depressants,

For Upper Freeport coal, In the diesel case, wtth both 28 and 100 mesh size, the potassium

ferrocyantde and lime combination provided slightly better results than oxone monopersulfate.

The heptane agglomerationwith 200 mesh sample resulted In higher BTU recoveries and slightly

lower pyritic sulfur rejectlon than diesel agglomeration, For Upper Freeport coal, characterized

by the lowest BTU recovery at 28 mesh size out of ali project coals, the application of

depressants caused further reduction In coal matter recovery.

Analysis of the tests uslng Kentucky No, 9 coal 28 mesh size and diesel oll as an agglomerant

lead to similar conclusion - no major improvement was observed when using pyrite depressants.

At high dosages of oxone (Test No. 959) pyritic sulfur rejection improved (about 13% Increase)

but with the significant loss in BTU recovery. Tests carried out at 200 mesh showed significant

improvement in pyritic sulfur rejection without BTU loss in case of both depressants. But the

standard agglomeration performance for Kentucky No. 9 coal, using 200 mesh, was significantly

lower then that of 28 mesh coal and the application of depressants had only brought the

performance of 200 mesh coal to the level of the standard performance of 28 mesh coal.

7.4.4.2 Emulsiflcation

Test Obiectives

To evaluate the effect of agglomerant emulsification on product quality and the overall process

performance. Emulsificationof the agglomerant prior to agglomeration is expected to reduce the

time required for microagglomerate formation. This reduced high-shear residence time may

decrease the contact time of the pyrite with the agglomerant, thus preventing wetting of the

pyrites with agglomerant.

7-49



Test Descriptions and Conditions

To determine and quantify the effect of emulsification on agglomerationperformance, both heavy

and light agglomerants were used, Tests were conducted using the standard batch test

procedures except for agglomerant condition and mixing intensity. The agglomerants were

transformed into emulsions using an ultra-sonic mixer, Besides a standard mixing intensity of

2000 rpm, testtng at 1000 rpm was incorporated into the test program. The test conditions for

this program are listed in Table 7-47.

Table 7-47

TEST CONDITIONS

Diesel Case Heptane Case

Upper Pittsburgh Kentucky Upper Pittsburgh Kentuaky
No, 8 No, 9 Fr....ee_ No. 8 No._..,9

Grind size, mesh 28 28 28 200 200 200
Agglomerant % 1 1 1 20 20 10

High-shear rpm 2000,1000 2000,1000 1600,1000 2000,1000 2000,1000 2000,1000
High-shear residence time, mtn _, 5 1, 5 1, 5 1, 5 1, 5 0,5, 5
High.shear solids % 20 20 20 5 5 5
Agglomerant.water ratio 1:20 1:20 1:20 1:10 1:10 1:10

ResultsAnalysis

The test results for the diesel and heptane cases are presented In Tables 7-48, 7-49 and 7-50.
Table 7-48

EFFECT OF EMULSIFICATION
UPPER FREEPORT

H-S

Serial Lab Otl H-S Res Time Product Performance

No. lD _ _ min Ash% TS% PS"/° _BTU% PSR"/°

1030 UFP-310 Diesel 2000 1 5.3 0,98 0,28 72,2 87.1
1031 UFP-308 Diesel' 2000 1 5,1 0.97 0.27 72.6 87.6
1032 UFP-311 Diesel 1000 1 4,4 0.94 0.23 49,6 92.7
1033 UFP-309 Diesel" 1000 1 4.6 0,95 0.24 56.2 91,3
1141 UFP-320 Diesel 1000 5 4,4 0.96 0.25 55,8 91.1
1126 UFP-316 Diesel' 1000 5 4,7 0,84 0.13 63.8 94,6

1057 UFP-312 Heptane 2000 1 5,7 0.98 0.28 89.7 83,9
1058 UFP-314 Heptane' 2000 1 6,4 1.06 0,36 90.1 78,7
1059 UFP-313 Heptane 1000 1 13,6 1,84 1.19 91.6 22,0
1060 UFP-315 Heptane" 1000 1 13,2 1.83 1,18 95.3 20,1
1129 UFP-317 Heptane" 1000 5 6,4 0,91 0.21 89.8 87,6

'Agglomerant emulsion
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Table 7.49

EFFECT OF EMULSIFICATION
PITTSBURGH NO, 8

H.S
Sedal Lab OII t I-S Res Time Produat Pedormance

No__.__. lD _ _ mln Ash°lo TS°/° PS% BTU% PSR%

1034 PLT.313 Diesel 2000 1 6,0 3°74 1,33 92,0 37,0
1035 PLT-315 Diesel' 2000 1 6,0 3,69 1,28 91,6 39,6
10,36 PLT-316 Diesel 1000 1 4,7 3,53 1,09 57,6 68,3
1037 PLT.314 Diesel* 1000 1 5,0 3,58 1,15 67,8 60,6
1140 PLT.420 Diesel 1000 5 5,0 3,37 0,94 70,2 66,7
1127 PLT.416 Diesel' 1000 5 4,9 3,30 0,86 72,5 68,3

1049 PIT-317 Heptane 2000 1 5,4 3.33 0,90 94,6 56,4
i050 PLT-318 Heptane' 2000 1 4,8 3,14 0,70 95.3 66,3
1051 PLT-319 Heptane 1000 1 9.7 3,92 1.60 91,4 20,5
1052 PLT.320 Heptane' 1000 1 9,1 3,77 1,44 93,4 27,8
1130 PLT-417 Heptane' 1000 5 9°2 3,70 1,37 88,0 35,0

"Agglomerant emulsion

Table 7-50

EFFECT OF EMULSIFICATION
KENTUCKY NO. 9

H-S
Serial Lab OII H-S Res Time Producl Performance

No.___.:.,. lD._ _ rp_..._ __mir?.__ .Ash% TS"/° PS% BTU"/° PSR%

1039 KEN-91 Diesel 1600 1 6,1 2,57 0,92 88,9 74,6
1038 KEN-90 Diesel" 1600 1 6,6 2,63 0,99 90.6 72.0
1041 KEN-93 Diesel 1000 1 5,8 2,61 0,96 77,8 77,0
1040 KEN-92 Diesel' 1000 1 5,6 2,62 0.96 78,7 76,6
1139 KEN-117 Diesel 1000 5 6,2 2,57 0,92 82,5 76,3
1128 KEN-111 Diesel' 1000 5 6.7 2,53 0,89 89,7 75.0

1054 KEN-95 Heptane 2000 1 12,4 3,42 1,86 89,3 44,2
1053 KEN-94 Heptane" 2000 1 10,2 3,32 1,74 92.8 47,6
1055 KEN-96 Heptane 1000 1 15,3 4,00 2.51 76.5 33,7
1056 KEN.97 Heptane" 1000 1 14,1 3,77 2,26 76,8 41.0
1131 KEN-112 Heptane* 1000 5 11,3 3,34 1.78 91,0 46,8

"Agglornerant emulsion
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For the diesel case, emulsification of agglornerantdid not affect the process performance under

tile standard operating condition (2000 rpm and 1 rain residence time), For a lower energy Input

(1000 rpm), a reduction In BTU recovery was observed lcr both unemulslfled and emulsified

agglomerant with less severity tn the latter case, An extension of agglomeration time from 1

minute to 5 minutes improved the coal matter recovery for unemulslfled, and to a greater extent

for emulsified agglomerant, However lt was nottoedthat this improvement was coal-dependent,

For Kentucky No, 9, a longer residence time yielded similar results to that obtained at standard

conditions (1600 rpm and 1 rnlnute), while for Upper Freeport and PittsburghNo, 8 coals, the BTU

recovery remained lower than that observed for standard agglomeration,

For the heptane tests performed under standard operating conditions, there was no significant

impact of agglomerant emulsification on process performance for both the Upper Freeport and

Kentucky No, 9 coals. An Improvement In pyritic sulfur rejection by about 10%was observed for

Pittsburgh No, 8. At a lower energy input level and 1 minute residence time, ali the project coals

showed very poor pyritic sulfur rejection (20-40%), but the BTU recovery remained comparable

with the standard operating condition. By Increasing the residence time to 5 minutes, similar

performances, In terms of BTU recovery and pyritic sulfur rejection were observed for Upper

Freeport and Kentucky No. 9 coals as those under the standard operating condition.

7.4.4.3 Oxidation Effect

Test Oblectives

To determine the effect of oxidation on agglomeration process perforrnance, lt ts known that

coalsexposed to the oxidative environment for prolonged time, may demonstrate a poor response

to the conventional flotation processes. Because an oil agglomeration is also a surface-

dependent process, it can be anticipated that the process performance can be affected by coal

oxidation,

Test Descriptions and Conditions

To quantify the effect of oxidation on process perfornlance, coal samples of 28 mesh top size

were exposed to an open atmosphere for 14 and 49 days, Subsequently the agglomeration

experiments were carried out with 28 mesh and 100 mesh grind sizes. As oxidation is known to

have an effect on flotation response, the recovery of froth using an incremental flotation technique
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at regular Intervals was also examined In this activity, The test conditions for this activityare

listed In Table 7-51,

Table 7-51

TEST CONDITIONS

Coa_....!l Plttsbur_ghNo, 8 Kentucky No,_

Agglomerant Diesel Diesel
Agglomerant concentration, % 1,0 1,0
Grind size after oxidation, mesh 28, 100 28, 100
Oxldatlon time 0, 14, 49 days 0, 14, 49 days
High-shear rprn 2000 1600
High-shear reslder_e time, rain 1 1
Froth recovery method single.stage single.stage

multiple colleetlon multiple collecUon

Result Analysis

The test results for Pittsburgh No, 8 and Kentuoky No. 9 coals are presented in Tables 7-52 and

7-53, respectively,

Table 7-52

EFFECT OF OXIDATION
PITTSBURGH NO. 8 COAL

Oxidation Product BTU

Ser,No, Lab lD Size T!me(days) FIo.._t.., Ash% PS% Rec% PSR%

1061 PIr-307 28 0 s 6,4 1,32 99,5 34,2
1065 PIT-307,4 26 0 M 6.4 1.33 99,7 33,7
1066 PLT.308 100 0 S 6,9 1.26 98,0 38,1
1070 PLT-308,4 100 0 M 6,9 1,26 97.9 38,1

1071 PLT-309 28 14 S 7,1 1,38 98,5 31,4
1075 PLT-309,4 28 14 M 7,1 1,38 98.6 3'1,3
1076 PLT-310 100 14 S 7,0 1,29 99,4 35,4
1080 PLT-310,4 100 14 M 7,0 1,29 99,3 35,3

1081 PLT.311 28 49 S 6,4 1,26 89,5 43.5
, 1085 PLT.311,4 28 49 M 6,4 1,27 89,5 43,2

1086 PLT.312 100 49 S 6,4 1.17 96,2 43,6
1090 PIT-312.4 100 49 M 6.2 1.14 96,5 45,1

S: Single froth collection
M: Multiple froth collection
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Table 7.53

EFFECTS OF OXIDATION
KENTUCKY NO, 9 COAL

Oxidation Product BTU

Ser,No, Lab lD SIz._._e Time(days) Flot..___ Ash% PS...__% R e_/,, PSR%

1095 KEN-85 28 0 S 8,4 1,54 98,1 53,2
1098 KEN-85,3 28 0 M 8,4 1,55 98,1 53,1
1091 KEN-84 1O0 0 S 8,8 1,63 98,9 50,0
1094 KEN-84,3 100 0 M 8,8 1,63 98,9 50,0

1099 KEN-86 28 14 S 8,3 1,47 96,8 56,0
1102 KEN-86,3 28 14 M 8,3 1,47 96,8 56,1
1103 KEN-87 1O0 14 S 8,4 1,61 99,6 50,4
1106 KEN-8'1.3 1O0 14 M 8,5 1,61 99,5 50,4

1107 KEN.88 28 49 S 7,7 1,39 87,4 62,7
1109 KEN-88,2 28 49 M 7,6 1,36 82,7 65,4
1110 KEN-89 1O0 49 S 7,9 1,50 94,0 56,6
1114 KEN.89,3 100 49 M 7,9 1,51 93,9 56,5

S:Single froth collection
M: Multiple froth collection

The agglomeration experiments performed with a 28 mesh sarnple (no grinding after oxidation)

demonstrated that the noticeable effect of oxidation was seen after a period of 49 days, for both

PittsburghNo, 8 and Kentucky No. 9 coals, For Pittsburgh No, 8 coal, the BTU recovery dropped

from 98-99% to 89%, whereas the pyritic sulfur rejection increased from 31-34% to 43%, For

Kentucky No. 9 coal, the BTU recovery decreased from 97-98% to 83-88%, with an Increase In

pyritic sulfur rejection from 54-56% to 63-65%.

Grinding of oxidized coal from 28 mesh down to 100 mesh generated fresh, unoxldlzed surfaces

and as a result, the agglomeration properties were restored, This trend was observed for both

Pittsburgh No, 8 and Kentucky No, 9 coal samples.

Examinationof the flotation responses for a single or Incremental collection of froth showed that

the oxidation had an Insignificant effect on flotation time. The oxidized samplesdtsplayed a

slightly longer cumulative flotation time of barren.
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7,4,4,4 Storage Effect

T_estOble_lve__.ss

To study the effectof slurry storage time on agglomeration performance,

Test De_rlptlons and Conditions

Coal samplesground to 28, 100 and 200 mesh top sizes were usually stored overnight or longer

prior to the operation of the continuous testing unit at 5 Kg/hr capacity, The test condition for

this short program are listed tn Table 7-54,

Table 7.54

TEST CONDITIONS

Coa_._[l .UpperFreeport .Pittsbur£q..!.!No,..._8 Kentuck.y..._,_.99

Agglomeratlt Diesel Diesel Diesel
Agglomerant concentration, % 1,0 1,0 1,0

,. Grind size, mesh 28, 100, 200 28, 100, 200 28, 100, 200
High-shear, rpm 2000 2000 1600
High-shear resldenoe tlme, rain 1, 4 1 1
SIorage lime, days 0, 1, 4 O, 1, 4 0, 1, 4

Result Analysis

The effect of slurry storage tlnle oil agglomeration process is presented in Table 7-55. The

results indicatedthat for ali project coals ground to a different stze, a slurry storage time ranging

from 0 to 4 days did not Influence a process performance In terms of BTU recovery and pyritic

sulfur rejection,
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Table 7-55

EFFECT OF SLURRY STORAGE TIME

Serial Lab Top Size Slorage BILJ Rec PSR
No, lD (rn_ Time, clays % °/o

995 UFP-286 28 0 75.8 830
996" UFP-285 28 0 71.6 84.9
997" UFP-287 28 1 77,2 84.6
998 UFP-288 28 1 77.5 84.9
999 UFP-289 28 4 76.3 83.9
1000" UFP-290 28 4 77,7 82,8
1001 UFP-400 100 0 88.0 75.9
1002 UFP-401 100 1 87.1 77.2
1003 UFP-402 100 4 88.0 79.0
1004 U FP-403 200 0 93.8 70.3
1005 UFP.-404 200 1 94.6 68.8
1006 UFP-405 200 4 91.3 75,4

1007 PLT-400 28 0 91.3 66.6
1008 PLT-401 28 1 91.7 65.7
1009 PLT-402 28 4 91.7 66.5
1010 PITo403 100 0 94.3 68.0
1011 PLT-404 1O0 1 94,3 70.2
1012 PLT-405 1O0 4 95.0 67.8
1013 PIT-406 200 0 95,4 68,9
1014 PLT-407 200 1 96,0 70.3
1015 PIT-408 200 4 95.0 69.1

1016 KE_')-100 28 0 94.6 59.7
1017 KEN-101 28 1 93.6 63,2
1018 KEN-102 28 4 93.8 63.5
1019 KEN-103 100 0 95.3 60.1
1020 KEN-104 100 1 95.9 59,5
1021 KEN-105 100 4 95.3 60.5
1022 KEN-106 200 0 95.7 57,4
1023 KEN-107 200 1 95.4 57.1
1024 KEN-108 200 4 95.8 57.6

"Tests with 4 minute high-shear residence time "

7.4.4.5 pH Effect
.,

Test Objectives ,,

To determine the effect of slurry pH on agglomeration process performance. At higher pH, both

the coal and mineral matter, possess a high negative surface charge resulting in a strong

electrostatic repulsion between the two particle types. This phenomenon may result in a better

selectivity of the agglomeration process and improve ash and pyritic sulfur rejection.
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In the case when the pH adjustment is done in the flotation stage, a basic elevated pH may

minirn,ze the entrainment of free pyrite particles with the clean coal.

Test Descriptions and Conditions

Table 7.56

TEST OONDITIONS

Co__._,_ .Upper Fr,eeporl Pittsburqh No, 8 Kentucky..No, 9

Agglomet anl D,esef O_,eset Diesel
Agglomerant cx.l,ncenvahon. % 1.0 1.0 1,0
High-shear sohds, % 20.0 20.0 20.0
Grind s_ze. mesh 28, 100 28, 100 2B, 100

High-shear, rpm 2000 2000 1600
High-shear residence l_me, mm 1 1 1
ShJrry pH 11 11 11

Reagent I--tyOfated lime Hydrated lime Hydrated hme

Result Analys.is

The results presented in Table 7-57 showed that higher pH did not improve the selectivity of

separation. Moreover, moderate to significant reduction irl BTU recoveries were observed for ali

three project coals. The influence of pH on agglomeration performance was found to be coal

sample dependent. For Upper Freeport coal, the basic pH resulted in higher pyritic sulfur

rejection at essentially similar BTU recovery. In contrast to Upper Freeport coal, a significant

reduction in BTU recovery was observed for Pittsburgh No. 8. For the third project coal, Kentucky

No. 9, a little or no effect of pH on process performance was noticed.

Table 7-57

EFFECT OF SLURRY pH

Serial Lab Grind pH Product Performance

No_ 113 S_ Adjustment Ash% TS°/_o PS% BTU% PSR%

,Upper Freeport

968 UFP-283 28 5,9 1.01 0.37 75,6 83.9
1132 UFP-318 28 H-S 5.9 0.89 0,19 77.9 90.3
1144 UFP.321 28 Flotation 5.4 0,99 0,29 70,0 87.0

967 UFP-282 100 6,4 1,06 0,42 85,0 79.2
1133 UFP-319 100 H-S 6,4 0,96 0,27 84.4 85.3

100 Flotation
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Table 7-57 (Continued)

EFFECT OF SLURRY pH

Serial Lab Grind pH Product Pertormance
No. lD Size_Mesh Adjustment Ash% TS% PS.._._°/o BTU% PSR%

Pith No. 8

972 Prr.2g3 28 5.7 3,55 1,23 91,4 44,5
1134 PLT.418 28 H-S 5.1 3,39 0,96 72,0 C4.9
1143 PLT-421 28 Flotation 5,3 3,49 1,07 55,6 69,9

g71 PLT.292 100 5,8 8,46 1.14 g6.6 45.5
1135 PLT.419 100 H-S 5.7 3.31 0.g0 g2.0 57.6
- 100 Flotation -

Kentucky No. 9

, 103g KEN.91 28 6,1 2.57 0.92 88,9 74.6
1136 KEN-113 28 H-S 6.2 2.59 0.g4 81,9 76.0
1142 KEN-118 28 Flotation 6,6 2.68 1,O4 74.5 74,5

1138 KEN-116 100 6,9 2,68 1.05 93.7 69.3
1137 KEN-114 100 H-S 6,3 2,65 1,01 g0.7 71.3

100 Flotation

7.4.5 Pyrite Distribution Analysis

Test Objectives

To determine and estimate the maximum of pyrite rejection that can be achieved by a cleaning

process such as agglomeration, based on the size distribution and association of the pyrite

particles.

Test Conditions and Descriptions "

A few samples of clean coal and reject have been analysed for pyrite distribution and association

for each tested coal. The analyses were carried out at the Center of Applied Energy Research

at the University of Kentucky. Float and sink fractions separated at 1.8 specific gravity from

Pittsburgh No. 8 and Upper Freeport coals were also analysed. The float-sink results of feed

coals were presented and discussed in the "Coal Characterization" section.

Result Analsy_._&

The results of pyrite distribution analysis are presented in Tables 7-58, 7-59 and 7-60.
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Table 7-58

PYRITE DISTRIBUTION AND ASSOCIATION
PITTSBURGH NO. 8 - 200 MESH

Vojume_% _
Diameter Float Sink PLT-276 PLT.276 PLT-206

Stat...___e ....._m) Feed 1._..._8 1,..._.8 Product Refuse Product

Free < 5 5,45 11,63 0,58 2,09 3.03 4,89
5 - 10 11,05 3,45 2,50 3,58 7.42 11,41

10 - 25 32.63 0.00 8,35 8.14 11.11 20.43
25 - 40 28.98 0,00 20.02 21,68 12,69 0,00
40 - 75 0.00 0,00 46.37 0,00 58,75 0,00

Total 78,11 15.08 77.82 35,49 92,99 36,74
Approx. Pyr Sul, % 1,48 0,06 1,04 0.29 0,99 0,38

Included < 5 0,81 6.35 0.15 1,56 0,12 2,39
5 - 10 4,42 12,66 0,30 3.03 0,32 12.45

10 - 25 0.00 11,33 2,51 0,00 0,00 5.11
25 - 40 0.00 0,00 0,00 0.00 0,00 0,00
40 - 75 0.00 0,00 15,46 0,00 0,00 0.00

Total 5.22 30.33 18,41 4.59 0.44 19.95
Approx, Pyr Sul, % 0,1'0 0.25 0.04 0,005 0.21

Edge < 5 1.68 7.77 0,12 2.25 0,35 3.68
5 - 10 7,73 24,16 1,14 11.57 1,45 19.20

10 - 25 7.25 22.66 2.51 24,41 4.76 20,43
25 - 40 0.00 0,00 0,00 21.68 0,00 0,00
40- 75 0.00 0.00 0,00 0.00 0.00 0.00

Total 16.66 54.59 3.77 59,92 6.57 43.31
Approx. Pyr Sul, % 0.32 0.20 0,05 0,49 0,07 0,45

7-59



Table 7-59

PYRITE DISTRIBUTION AND ASSOCIATION
UPPER FREEPORT - 200 MESH

.................... Volume,,%
Diameter Float Sink UFP-200 UFP.200

Stat_.__ee _ Feed 1o__..88 1,...8 Producl Refuse

Free < 5 0,65 17,42 0,56 1.31 1,31
5.10 2,70 9.61 3,72 2,17 5,26

10 - 25 10,37 0,00 11,14 2,04 16,37
25 - 40 10.810,00 25.85 32.60 16.35
40- 75 66,74 0.00 53,22 37.75 50,49

Total 91,2"/ 27,04 94,49 75,87 89,79

Approx, Pyr Sul, % 1.37 0.05 1,11 0,47 0,90

Included < 5 0,15 10.82 0,06 0,41 0.02
5 - 10 0.37 22,43 0,00 0,83 0.00

10 - 25 0.00 0.00 0,36 1.02 0,00
25 - 40 0.00 0.00 0,00 0,00 0.00
40- 57 0.00 0,00 0,00 0,00 0,00

Total 0,51 33.25 0,42 2,26 0,02
Approx. Pyr Sul, % 0.01 0,06 0,00 0.01 0.00

Edge < 5 0,14 7.91 0.08 0.53 0,10
5 - 10 0,41 16,02 1.06 1.97 0,55

10 - 25 4,06 15.78 1,08 11,22 4.09
25 - 40 3.60 0,00 2,87 8.15 5,45
40.75 0,00 0.00 0.00 0.00 0.00

Total 8.21 39.71 5,09 21.86 10,'19

Approx, PyTSul, % 0.12 0,07 0.06 0,13 0.10
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Table 7-60

PYRITE DISTRIBUTION AND ASSOCIATION
KENTUCKY NO. 9 - 200 MESH

:. VolumeL;%
KEN-38 KEN-38 KEN-45 KEN-45

Diameter Feed Feed Pr05'.l,:;t; /'i Retuse Product Refuse
/ 28 M 200 M 200 M

Stat____e_ 28..._MM 200._.._MM 2._£_p,.. ,, .........

Free < 5 0.69 2.08 0._ ' i/, ,'i0,00 1.64 2,39
5- 10 0,68 2.20 1,42 0,01 4,76 10.34

10 • 25 2,22 12.19 5,38 0.02 7,82 25,46
25 - 40 17.77 21.66 8,60 0.04 0,00 38.76
40. 75 0,00 50.15 0.00 0,15 48,23 0.00
75 - 100 0,00 0,00 0,00 0,84 0,00 0,00
> 150 0,00 0.00 0,00 5,47 0.00 0,00

Total 21,36 88.28 16,07 6,53 62,45 76,96

Approx. Pyr Sul, % 0.62 2,58 0,22 0,10 1.01 1,09

Included < 5 1.20 0,33 1,02 0.00 0,40 0,07
5 - 10 3,73 1.24 7,21 0,00 1,59 0,25

10 - 25 10,00 2,71 11,83 0,01 3.91 0.00
25- 40 0,00 0,00 0,00 0.00 0.00 0,00
40. 75 0,00 0.00 0,00 0,00 0,00 0,00
75 - 150 0,00 0,00 0.00 0.00 0.00 0.00

> 150 0,00 0,00 0,00 0,00 0.00 0.00

Total 15,03 4,28 20,06 0,01 5.90 0,31

Approx. Pyr Sui, % 0,44 0,13 0,27 0,00 0,10 0,004

Edge < 5 0,44 0,62 0,45 0.00 0.68 0,06
5 - 10 2,03 2.75 4.26 0,00 6.22 0,86

10., 25 2.22 4,06 19,36 0.01 14,33 2.42

2,5 - 40 17 77 0,00 0.00 0,06 10,41 19,38
40. 75 41,15 0.00 39.81 0.15 0.00 0,00
75 - 150 0,00 0.00 0,00 0,00 0.00 0,00

> 150 0.00 0,00 0.00 93,23 0.00 0,00

Total 63,61 7,43 63.87 93,46 31.65 22.73

Approx. Pyr Sul, % 1,86 0.22 0.87 1,40 0,51 0.32

For Pittsburgh No. 8 and Upper Freeport coals, an analysis of the float and sink fractions obtained

at 1.8 specific gravity indicated a very efficient separation o the "free" pyrite from the clean coal.

Only 15% of the particles present in the float fractinn of Pittsburgh No. 8 and 27% for Upper ;
!

Freeport were "free", and almost none of those particles were larger than "10um. The majority

of the particles in the float fraction were "edge" particles, which were difficult to remove b_ any

separation process. The sink fractions contained mostly coarse "free" pyrite particles. Analysis

of the agglomeration product and refuse samples indicated a potential for additional removal of

the "free" pyrite particles, especially those above 10-25 urn. The particles in this size range and
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above were present In a large number in the agglomeration products for both Pittsburgh No, 8

and Upper Freeport coals, For Pittsburgh No. 8 coal, the majority of the pyrite particles in the

float were in the "edge" category', An agglomeration tailings in most cases contained a smaller

relative proportion of "edge" and "Included" pyrites then the sink fraction. lhls results were

expected since the probability of rejection of a pyrite particles partially or completely surrounded

by coal were lower in a surface-based separation process.

For Kentucky No. 9 coal, the agglomerated product at 28 mesh showed a similar distribution of

pyrite particles to that of the feed coal at the same size. Most of the pyrite particles were

concentrated In the "edge" category. However there was still a potential for removal of "free"

pyrite particles for 200 mesh sample. The clean coal product at 200 mesh showed about 62%

of the pyrite being in the "free" state, which could not be separated due to "entrainment" effect.

7.4.6 Agglomeration Using Precleaned Coals

Test Objectives

To determine the combined effects of precleaning and selective agglomeration processes.

Test Descriptions and Conditions

Simulated preclean coals were prepared by the float-sink process at specific gravity determined

from the washability data, Batch agglomeration tests were conducted on the precleaned and on

original samples. Because the simulated clean coals were produced by float-sink method using

organic liquids, the effect of the latter on agglomeration was first determined. Raw coals were

first immersed in the organic liquids and their agglomeration performances were compared with

the non-treated coals. Agglomeration tests with the precleaned coals were performed under the

following conditions (Table 7-61).
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Table 7-61

TEST CONDITIONS

Coa_._..[I Upper Freeport Pt._.._sburqhNo, 8 Kentu°kN.Y.-.N-.£._..9

Agglomerant type Diesel, Heptane Diesel, Heptane Diesel, Heptane
Grtnd size, mesh 28, 100, 200 28,200 20, 100, 200
Agglomerant conoentration, % 1, 20 1,20 1, 10
High-shear solids, % 20, 5 20, 5 20, 5
High-shear resldenoe time, rntn 1 4 1, 0.5
High-shear mixing, rpm 2000, 2000 2000, 2000 1600, 2000

Result Analysis

The properties of precleaned coalsas well as precleaning efficiency for Upper Freeport,Kentucky

No. 9 and Pittsburgh No. 8 are given in Table 7-62. These data were used to discuss the overall

performance of precleaningfollowed by selective agglomeration.

Table 7-62

PROPERTIES OF RAW AND PRECLEANED COALS

Ash% TS% PS% BTU Recovery. PSR%

Kentucky No, 9

Raw Coal (1st Series) 16.40 4.38 2.86
Clean Coal (let Series) 9.20 2.73 1.17 92.3 65.0
Raw Coal (2nd Series) 21.70 4.59 3.29
Clean Coal (2nd Series) 9.50 2.93 1.26 95.1 6g.5

Upper Freeport

Raw Coal 16.20 2.28 1.65
Clean Coal 11.80 1.38 0.79 96.2 54.7

Plttsburqh No. 8

Raw Coal 24.30 4.95 3.04
Clean Coal 10.90 4.83 2.29 96.9 40.9

The results of the agglomeration tests with Kentucky No. 9, Upper Freeport and Pittsburgh No. 8

coals are summarized in Tables 7-63, 7-64 and 7-65, respectively. The process performances

are expressed on raw and precleaned coal basis.
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*PSRRoM = PSRPc + (100 - PSRPc) x PSRag x 1/100

BTUROM = [BTUPc x BTUag] x 1/100, where:

BTUROM or PSRROM - pyritic sulfur rejection or BTU recovery calculated on raw coal basis
BTUPo or PSRPc - pyritic sulfur rejection or BTU recovery for the precleanlng step
BTUag or PSRag experimentally determined pyritic sulfur rejection or BTU recovery from

the agglomeration step,

+ Table 7.63

KENTUCKY NO, 9 PRECLEANING TEST RESULTS

Sedat Lab Coal Top Size 011 Product Quality Performance
No.._...._ lD _ _ _ As_...h.h T...S.S P..._S B._.Ttj a eC_, PS_...RR

First Series

1040 KEN-91 Raw' 28 Diesel 6,1 2,57 0,92 88,9 74,6

1115 KEN-99W PrC 28 Diesel 6,5 2,52 0,94 93,4 (86,2) 27.3 (74,5)
1116 KEN-IOOW PrC 100 Diesel 6.2 2,51 0,92 94.9 (87,6) 27.6 (74,6)
1117 KEN.IOIW PrC 200 Diesel 6,1 2,49 0.90 96.9 (89.4) 27,9 (74.9)

PrC - Precteaned sample
Figures In brackets on raw coal basis
Precleanlng performance: BTU recovery = 92,3%, PSR = 65%
"Working project sample - Batch 3

Second Sertes

1t 18 KEN-103 Raw 28 Diesel 7.6 2,87 1,47 92,1 65.5
1119 KEN-lO4 Raw 100 Diesel 7,4 2,93 1,53 91,5 64,4
1120 KEN-105 Raw 200 Diesel 7,8 3,10 1.70 95,2 58,5
1124 KEN-lO6 Raw 200 Heptane 13,0 3,47 2,15 94.4 45,0

1121 KEN.lO7 PrC 28 Diesel 6,5 2,64 0,98 92,7 (88,1) 30,2 (78°7)
1122 KEN.lO8 PrC 100 Diesel 6.1 2,59 0,92 93,0 (88,4) 34,3 (79,9)
1123 KEN-109 PrC 200 Diesel 5.9 2.56 0,89 95,6 (90+9) 35,1 (80,2)
1125 KEN+110 PrC 200 Heptane 6,1 2,72 1,05 95,5 (90,8) 23,4 (76,6)

PrC ,-Precleaned sample
Figures tn brackets on raw coal basis
Precleanlng performance' BTU recovery = 95,1%, PSR = 69,5%
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Table 7-64

UPPER FREEPORT PRECLEANING TEST RESULTS

Serial Lab Coal Top Size OII Produm Qual ty Performanae

No_.__._ I...DD _ _ T_ As..__h T,._S P__SS BT_.._URec__._ PS_..._R
..

1145 UFP.322 Raw 28 Diesel 8,7 1.16 0,58 90,6 71,1
1146 UFP.323 Raw 100 Diesel 8,6 1,25 0,66 94,1 65,9
1147 UFP-324 Raw 200 Diesel 8,7 1,28 0,69 94,1 64,3

1154 UFP.331 Raw 200 Heptane 8.9 1,15 0,56 94.3 70,6

1151 UFP-328 HVC 28 Diesel 8,7 1,15 0,58 91,9 70,0
1152 UFP-329 HVC 100 Diesel 8,7 1,15 0,58 94,1 69.3
1153 UFP-330 I..{VC 200 Diesel 8,8 1,18 0,61 94.6 67.5

1156 UFP.333 HVC 200 Heptane 8,9 1,14 0,56 98,1 68,7

1"148 UFP-325 PrC 28 Diesel 8,3 0,98 0,43 92,7 (89.2) 51.2 (77,9)
1149 UFP-326 Pre 100 Diesel 7.9 0,94 0,39 94,9 (91.3) 55,2 (79,7)
1150 UFP-327 PrC 200 Dlesel 7,8 0,94 0,39 95,2 (91,6) 55,2 (79,7)
1155 UFP-332 Prc 200 Heptane 8,2 0,92 0,37 96,6 (92.9) 56,8 (80,4)

PrC - Precleaned sample
HVC - Heavy Ilquld control sample
Precleaning performance' BTU recovery = 96,2%, PSR =.54,7%

Table 7-65

PITTSBURGH NO, 8 PRECLEANING TEST RESULTS

Serial Lab Coal Top Size Oil Product Quality Pedorrnance

No_.__: lD _ _ .]_..e. As_._h TS P.S.S BTU Rec, PSR

827 PLT-1R Raw 28 Diesel 7,9 4,37 2.09 95,1 48,5
830 PIT-2R1 Raw 200 Diesel 7.0 4.34 1,96 97.3 49,3

835 PIT-3R1 Raw 200 Heptane 6,8 4,23 1,84 94,2 54,0
836 PIT-3R Raw 200 Heptane 6,0 4,00 1,59 94,5 60.5

828 PIT.1W PrC 28 Diesel 7,0 4,34 2.01 g7,4 (94,5) 16,8 (50,8)
831 PIT-2W PrC 200 Diesel 6,4 4,15 1,88 93,3 (95,4) 24,8 (55,6)
832 PIT-2Wl PrC 200 Diesel 6,2 4,16 1,89 98.1 (95,2) 24.9 (55,6)
833 PIT-3W PrC 200 Heptane 6,1 4,25 1,97 97.8 (94,9) 21,9 (53,8)
834 PIT.3W1 PrC 200 Heptane 6.2 4.29 2,02 96.8 (93,9) 21,0 (53,3)

PrC - Precleaned sample
Precleantng pedormance: BTU recovery = 96,9%, PSR = 40,9%

Analysis of the tests with Kentucky No. 9 (Series 2) coal showed that agglomeration performance

of the raw coal (PSR = 65.5% at 28 mesh) was close to that expected of conventional cleaning

at 1/4" (PS_t = 69,5%)° Wf;en precleaning was combined with the agglomeration, the results were

considerably higher (PSR = 78.7% - 80.2%) thun those of conventional cleaning or raw coal
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agglomeration, although with some decrease In BTU recovery, For the precleaned sample there

was almost no change tn PSR caused by reduction of coal size from 28 mesh (PSR = 78.7%) to

200 mesh (PSR = 80,2%)° For the heptane case, the agglomeration result for raw Kentucky No,

9 (PSR = 45°0%) was considerably lower than for the preoleaned sample (PSR = 76,6%), lt was

also observed that prolonged storage of the Kentucky No, 9, (Batch 3) reduced the BTU recovery

and Increased the pyritic sulfur rejection as the result of partial oxidation, A comparison of

agglomeration performances of the raw and clean samples for this particular batch (Series 1)

showed that the raw coal yielded a much cleaner product (PSR = 74,6%) than lt would be

expected from the conventional cleaning (PSR = 65%), but with lower BTU recovery, Precleanlng

combined with agglomeration resulted In the same pyritic sulfur rejection (74.5%) and BTU

recovery (86.2%) as agglomeration of the raw coal (PSR = 74,6%, BTU = 88,9%),

For Upper Freeport coal, the test data showed that there was no effect of the organic liquids on

agglomeration for ali grind sizes and agglomerants investigated. These results eliminated some

doubts regarding the Influence of heavy organic liquids used In the precleanlng stage on

subsequent agglomeration.

The agglomeration results for Upper Freeport coal presented In Table 7-64, showedthat process

performance of 28 mesh raw coal was I_,.,;er(PSR = 71,1%) than the conventional cleaning at

1/4" (PSR = 54.7%), Precleanlng followed by agglomeration resulted In slightly higher PSR than

that of the raw coal (PSR = 77.9% vs 71.1%). For the precleaned coal there was not much

difference In agglomerationperformance between 28 mesh and 200 mesh samples, since most

of the liberation (as in the case of Kentucky) took place during size reduction from 1/4" to 28

mesh,

For Pittsburgh No. 8 coal, a combination of precleaning with agglomeration resulted irl a better

quality product than the conventional cleaning (PSR - 50,8% for 28 mesh grind vs PSR = 40,9%

for precleaning)0 Agglomeration of the raw coal yielded a similar results with those of the

precleaned sample (PSR = 48.5% and PSR = 51,0% for 28 and 200 mesh, respectively for the

raw coal vs PSR = 50.8% and PSR = 55.6% for clean coal), Comparable results were also

ach eved for the heptane case.
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In summary, the precteanlng followed by agglomeration resulted In better process pedormance

for Kentucky No. 9 (Series 1) and Upper Freeport coals, For Pittsburgh No, 8, agglomeration

of preoleaned coal ylelded stmllar results as the agglomeration of a raw sample, The same

observation was made for Kentucky No, 9 (Series 2) which was believed to be partially oxidized,

7.5 Two-StacleHlclh-ShearTestln_q

Two process options, agglomeratton-grlndlng,-reagglomeratlonand tailing reprocessing were

examined in the task program,

7.5.1 Product Regrlndlng

Test Oblectlves

To determine the effect of two-stage agglomeration process on process performance,

Agglomeratlon-grlnding-r6agglomeratlonoption was studied and the results were comparedwith

the performance of single-stage agglomeration.

Te_'tDescriptions and Conditions

"fable 7-66

TEST CONDITIONS

Coa._.__l Upper Freepor!. PittsburghNo, 8 Kentucky No. 9

Grind size, mesh 28,200 28,200 28,200
Agglomerant Diesel Dtesel Diesel
Agglomerant concentration, % 1,0.5 1,0.5 1, 0.5
High-shear rpm: 2000 2000 1600
High-shear residence time, rain 1 1 1
High-shear soltds, % 20 20 20

..S.pecialConditions

The coal was ground to a 28 mesh top size and subsequently subjected for agglomeration wtth

1% of agglomerant addition. 'Tile agglomeration product was then reground to pass 200 mesh

and reagglomerated with 0,5% of agglomerant addition,
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Mlcroagglomerate reoovery was done by one-stage flotation after eaoh agglomeration stage,

Result Analysis

Test results are presented In Table 7-67,

Table 7.87

TWO-STAGE TESTS

Serial Lab Top Size Pyrite Dep Additive BTU Reo PSR
No,.___, ID..D. _ . Used . Used % "/..%_

Two-stage Tests

947 UFP.,._77 28 + 200 LM(0,14) 74,5 86,9
949 UFP-277,1 28 + 200 70,9 88,9

950 UFP.280 28 + 200 OXN (0,07) LM (0,52) 72,1 88,6
964 UFP.279 28 + 200 OXN (0,07) 75,8 86,6

Sl_sta.q. e Tests

873 UFP-266 28 80,2 76,0
867 UFP.261 100 85,2 77,4

Two.staqe TestS=

u60 KEN-77 28 + 200 91,6 65,4.
975 KEN-77,1 28 4.200 92,6 67,3

993 KEN-82 28 + 200 OXN (0,42) 91,6 70,8
994 KEN-83 28 + 200 OXN (0,84) 90,5 74,6
510 KEN-2 28 + 200 95,8 64,7
513 KEN-4 28 + 200 98,9 61,8
516 KEN-7 28 + 200 Oxone 95,8 65,5
557 KEN-13 28 + 200 Oxone 92,6 75,7

Single-stage 'res._._ts

961 KEN.78 28 92,4 63,4
963 KEN.80 200 96,4 56,9

Two-staqe "rests

982 PLT.306 28 .t-200 90,1 54,0
983 PIT-306,'I 28 + 200 ,, - 91,6 50,0

990 PLT-305 28 + 200 OXN (0,84) LM (0,20) 86,7 58,5
991 PLT-304 28 + 200 OXN (0,42) LM (0,20) 86,4 58,8,,

SlOe-stage Tes_tS

972 PLT-293 28 91,4 44,5
971 PLT-292 1O0 96.6 45,5
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For Upper Freeportcoal the results of two-stagetests showed that there was an Increase of pyrite

rejection of about 10% with BTU recovery loss ct about 5-10% as compared to a single-stage

process, An application of depressants Irl a tWo-stage processing did not show any further

improvement,

For the Kentucky No, 9 coal, a slight ImprovementIn the performance was observed for ttle two-

stage processing (2-4% PSR Increase), The effect of the two-stage process was much more

pronounced when oxone monopersulfatewas Introduced,

In the case of Pittsburgh No, 8 coal, a posttlveeffect of both, a two-stage processing and a pyrite

depressant addition on process performance was observed, There was an increase In PSR of

about 6..10%at comparable BTU recovery for the two-stage processing, An application of pyrite

depressants resulted tn further enhancement in PSR by an additional 7% but at reduced BTU

recovery, Single-stage test (#988)Involving pyrite depressant showed slmltar PSR with the two-

stage test (#991), but at significantly lower BTU recovery,

7.5.2 Tailings Reprocessing

Test ObLectlves

To Investigate the option of reprocessingof agglomeration tailings to Increase BTU recovery,

Test Descriptions and Conditions

The Upper Freeport coal has been selectedfor this test program becauseof its low BTU recovery

In a single-stage processing, The tailings from a single-stage agglomeration of a 28 mesh grind

were reprocessed by the following three methods (Figure 7-14),

o Direct Reagglomeratton of tailings using 0,5% diesel (Scheme A),

o Tailings grinding to a 100 mesh top size and reagglomeration using 0.5% diesel
(Scheme B).

o Wet screening of tailings at 150 urn, grinding of the +150 um fraction to 100 mesh
top size, and reagglomerationusing 0,5% diesel (Scheme C),

The testing conditions for these experiments are summarized in Table 7-68,
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Table 7-68

TEST CONDITIONS

Coal Upper Freeport
Grind size, mesh 28

1st stage high-shear agglornerant Diesel
1st stage high-shear agglomerant concentration,% 1.0
1st stage high-shearagitation, rpm 2000
1st stage high-shear residence time, rain 1
1st stage microagglomeraterecovery Flotation (1 stage)

Tailings Reprocessing

Grind size, mesh 28, 100

2nd stage high.shear agglomerant Diesel
2nd stage high-shear agglomerant concentration, % 0.5
2nd stage high-shear agitation, rpm 2000
2nd stage high-shear residence time, min 1 min
2nd stage microagglomerate recovery Flotation (1 stage)

Result Analysis

The results of tailings reprocessing by different methods are presented in Table 7-69. The

reprocessing of the entire tailings stream (Scheme A and Scheme B) improved the BTU recovery

however at the expense of pyritic sulfur rejection. Reaggiomeration of tailings ground to a 100

mesh top size gave a slight improvement in BTU recovery then the reagglomeration of tailings

at the original grind size (28 mesh).

By screening off the plus 150 um fraction from agglomeration tailings and their subsequent

reprocessing (size reduction to 100 mesh top size followed by agglomeration) a similar BTU

recovery with standard test was achieved at a higher pyritic sulfur rejection (PSR = 90,,8 vs PSR

= 84.7% at standard conditions).

Table 7-69

EFFECT OF TAIUNGS REPROCESSING
UPPER FREEPORT COAL

Serial Lab Processing Product BTU Rec PSR
No. lD Scheme Ash TS PS % %

1026 UFP-305 Scheme A 6.8 1.21 0.51 85.9 71.2
1027 UFP-307 Scheme B 7.2 1.16 0.46 89.1 72.8
1028 UFP-317 Scheme C 5.6 0.92 0.22 78.6 88.8
1048 UFP-317.1 Scheme C 5.4 0.89 0.19 76.0 90.8
1025 UFP-304 Standard 5.6 1.01 0.31 76.2 84.7

Processing schemes detailed in Figure 7-14
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7.6 Low-Shear Operation

"Test Objectives

To determine the effect of binder types and concentrations, solids contents in low-shear, and the

influence of surfactant addition on agglomerate formation.

Test Conditions and Descriptions

The batch low-shear program was carried out in ARC's agglomeration vessel using an agitation

rate of 1800 rpm. During the low-shear experiments, the agglomerates were sampled at various

residence time in order to determine the sizes of the agglomerates. The mass median diameters

(d5o) of the agglomerates and feedstock microagglomerates were compared to evaluate the

effectiveness of the low-shear operation. The feedstock were agglomerates produced in a high-

shear agglomeration with 1% diesel addition. The test conditions of a batch low-shear operation

are summarized in Table 7-70.

Table 7-70

TEST CONDITIONS FOR LOW.SHEAR EXPERIMENTS

Co',=d Upper Freeport
Grind size, mesh 28
Binder types Mixtures of Cold Lake Bitumen and diesel

(1:1, 4:1, 9:1)
Mixtures of asphalt AC-5 and diesel
(1:1, 4:1,9:1)

Binder concentration, % 6, 9, 10, 11
Low-shear solids concentration, % 25, 30, 40

Surlactant PDS (Polydimethy!sYloxane)
Surfactant addition, Ibs/ton 0.4

Result Analysis

Effect of Binder Concentrations on Aq.qlomerate Size

The experimental data showing the effect of binder concentration on agglomerate size are

presented in Table 7-71 and graphically in Figure 7-15. These experiments were conducted at

30% solids in the low-shear, with a one-stage binder addition and for six concentrations of binder.
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Mixture of Cold Lake Bitumen and diesel (1:1) was used as a binder for this study. The d50 of

the products were compared with the d50 of the feedstock at various residence times.

Table 7-71

LOW-SHEAR TESTING
EFFECT OF BINDER ADDITION ON AGGLOMERATE SIZE

Residence Time Aqqlomerate Size (dsa) mm
..... (min) 6% c,:_/o 10% 10.4% 10,8% 11%

0 0,11 0,11 0.11 0.11 0,11 0,11
5 0,21 0.36 0.36 0.45 0,59 0.75

10 0,21 0,39 0.39 0.54 0,69 0.98
2:) 0.22 0,43 0.47 0.55 0.84 1.36
30 0,24 0,48 0.52 0,72 1.08 1,87
40 0,24 0,53 0.53 0,80 1,08 2,00
60 0.25 0,54 0.53 0.83 1.37 2.20
90 0.25 0,'68 0,68 0.99 1.41 2.80

120 0,23 0.74 0.78 1,12 2,47 3.30

The kinetics of agglomeration was highly dependent on the bridging liquid concentration. For

binder additions lower than 10%, a slow growth in agglomerate sizes was observed at extended

residence time (up to 120 minutes). However, when the binder concentrations were increased

to 10.8 and 11.0%, a significant agglomerate growth was recorded at a short residence time (i.e.

20 minutes). Based on the results from this series of experiments, a binder addition above 10%

was recommended for further studies on low-shear agglomeration.

Effect of Binder Types

The results of low-shear testing with five different binders are given in Table 7-72 and Figure 7-

16. Ali these experiments were carried out using a 30% solids concentration in the low-shear,

and a 10.4% of binder addition. The data showed that higher concentration of diesel in the binder

was beneficial in terms of agglomeration kinetics. Cold Lake bitumen was found to be more

effective than Asphalt AC-5.
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Table 7-72

LOW-SHEAR TESTING
EFFECT OF TYPE OF BINDER ON AGGLOMERATE SIZE

I

Residence Time Agglomerate Size (also)mm
_ (rain) CLB+D(!:I__ CLB+D(9"I) AC-5+D(%1_. CLB+D{4:I} AC,5+D(1:1)

i .

0 0,11 0.11 0.11 0.11 0,11
5 0,45 0.28 0.31 0.11 0.32
10 0.54 0,30 0,32 0.11 0,35
20 0,55 0.35 0,33 0,47 0,42
30 0.72 0,40 0.38 0.57 0,48
40 0,80 0.42 0.38 0,64 0,49
60 0.83 0.42 0,41 0,75 0.59
90 0.99 0,43 0,47 0,77 0,71
120 1.12 0.43 0,50 1.10 0.81

Effect of Solids Contents in Low-shear

A series of experiments was carried out to investigatethe effect of solids cor,sentration in low-

shear on agglomerate size. A mixture of Cold Lake bitumen and diesel (1:1) at 10%

concentration was employed as a binder. The experimental data presented in Table 7-73 and

Figure 7-17, showedthat very slight differences inagglon'leratesizes were observed for the solids

content of 25% and 30%, but some acceleration in agglomerategrowth was noticed when solids

concentration was increased up to 40%.

Table 7-73 r_
i

LOW-SHEAR TESTING
EFFECT OF SCUDS CONCENTRATION ON AGGLOMERATE SIZE

Residence Time Aqglomerate Size (d5o) mm
(min) 25% 30% 40%

0 0,11 0.11 0,11
5 0,35 0,36 0.34
10 0,36 0.39 0,42
20 0,45 0.43 0.53
30 0.50 0.48 0,57
40 0,51 0,53 ').62
60 0,52 0.54 0.76
90 0,64 0,68 0,73
120 0,73 0.74 0.77
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Effect of Surfactant on AqcllomerateSize Growth in Low-shear

A series of preliminary experiments was conducted to evaluate the benefit of surfactant addition

(PDS of 0.4 Ibs/tonne) on the low-shear operation. These experiments were carried out at 30%

solids content using a mixture of Cold Lake bitumen and diesel (1:1) at 10% concentration. The

data presented in Table 7-74 and Figure 7-18 revealed that in the presence of surfactant, a slight

improvement in agglomeration kinetics as well as agglomerate size was achieved.

Table 7-74

LOW-SHEAR TESTING
EFFECT OF SURFACTANT ON AGGLOMERATE SIZE

Residence Time Aq,qlomerate Size (dso) mm
(min) CL8 + D (1:'1). CLB + D (1:1) + PDS6

0 0.11 0.11
5 0.36 0.38

10 0.39 0.43
20 0,47 0,51
30 0.52 0,55
40 0.53 0,58
60 0,53 0.65
90 0,68 0.79

120 0.78 0.92

7.7 Su.p_portTests

The suppcrt tests were incorporated in the batch scale program as the project progressed. These

tests covered areas which were not identified in the initial test plan, but were considered to be

important for both engineering assessment arid economic analysis of the selective agglomeration

processes.

7.7.1 Drying Tests for Heptane Agglomerates

TestObjectives

To determine the moisture and heptane contents after drying the heptane low-shear products at

temperatures selected tor heptane recovery.
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Test Descriptions and Conditions

The heptane low-shear products were generated from Pittsburgh No. 8 coal under the following

conditions: 200 mesh grind, 10% heptane in the high-shear operation followed by 20% heptane

and 3.3% asphalt in the low-shear operation, The low-shear products were dried in an oven at

110°C and 140°C. The agglomerates were sampled at regular intervals and analyzed for both

moisture and heptane contents. Heptane concentrations were determined by extraction of

hydrocarbons present in agglomerates, using methylene chloride followed by a gas

chromatographic analysis of the extract, for the heptane concentration.

Result Analysis.

The results given in Table 7-75 showed that after 40 minutes of drying at 140°C, the moisture and

heptane contents were reduced to the levels of 0.3% and 0,33% respectively. For a lower

temperature (110°C) about 60 minutes of drying was required to reduce the heptane and moisture

contents to 0.2% and 0.22%, respectively. An extension of the drying process up to 16 hours

showed that a small, but constant amount of heptane was still retained in the dried agglomerates.

Table 7-75

THERMAL DRYING OF AGGLOMERATES
HEPTANE BASE CASE

Residual Heptane
Drying Time AgglomeratesMoisture % in Aqglornerates %

min 110°C 140°C 110°C 140°C

0 11.5 'I 1,5
10 10.4 9,8 15.4 11.9
20 7.2 6.2 0.70 0,34
30 1.4 0,7 0,46 0.38
40 0,9 0,3 0.36 0,33
60 0,2 0,0 0.22

120 0,16
240 0,11
960 0.11

7.7.2 Tests for Heptane Balance

Test Objectives

To determine heptane concentrations in ali streams of the heptane process.
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Test Descriptions and Conditions

lt is expected that heptane will be present in ali process streams of the light hydrocarbon

agglomeration process. In order to determine its distribution, ali streams were analyzed for

heptane concentrations. In particular:

o High-shear tailings, both solid and liquid phases

o Low-shear tailings, both solid and liquid phases

o Low-shear products, after thermal drying at 110°C for 40 minutes

The process streams were generated by performing an agglomeration test with Pittsburgh No. 8

coal under standard conditions developed for the heptane case.

Result Analysis

The results of this study are summarized in Table 7-76, and schematically presented in Figure

7-19. Heptane contents in various process streams are expressed in percentage of the total

heptane input to the process, (high- or low-shear heptane addition). The data indicatedthat 0.9%

out of a 10% heptane input to high-shear was lost to the high-shear tailings (solid phase), and

an additional 0.1% out of a 10% heptane input was found in the process water (liquld phase).

For the low-shear tailings, 0.1% and 0.8% of the initial heptane addition were detected in the

liquid and solid phases, respectively. In addition to ttlat, the final product of the heptane process,

i.e. dried agglomerates, contained up to 0.3% of the initial heptane input and this amount had to

be recognized as non-recoverable heptane.

Table 7.76

HEPTANE DISTRIBUTION IN VARIOUS STREAMS

High-Shear

Heptane input 10%
Tailings - liquid phase 0,1%
Tailings - solid phase 0.9%

=

Low-Shear

Heptane input 20%
Tailings - liquid phase 0.1%
Tailings - solid phase 0.8%
Dried agglomerates 0.3%
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7.7.3 Particle Size of Heptane Agglomerates

"]'estObjeclives

To determine the particle size of heptane agglomerates after thermal drying, This information is

required to assess product handleability.

Test Descriptions and Conditions

Various low-shear products from the heptane process were generated using Pittsburgh No, 8 coal

(200 mesh x 0) and subsequently were subjected to the thermal drying. The dried agglomerates

were screened at 28 rnesh in order to determine the agglomerate disintegration during drying.

Both fractions i.e., plus 28 mesh and minus 28 mesh, were subjected to particle size

determination by screening. The conditions used to generate the heptane low-shear

agglomerates are summarized in Table 7-77.

Table 7-77

TEST CONDITIONS

Coal PittsburghNo. 8
Grind size, mesh 200
High-shear heptane concentration, % 10, 20, 10 + 0.1 asphalt
High-shear agitation,rpm 2000
High-shear residence time, rain 1
High.shear solids,% 20
Low-shear heptane/binder (asphalt) concentration,% 10, 20/3.3, 4, 5

Result Analysis

The results presented in Table 7-78 showed that for different ranges of operating conditions used

in the high- and low-shear operations, the plus 28 mesh fraction varied from 70 to 76%. The

maximum value of 76.1% was obtained for the process where small amount of binder (0.1%) was

introduced into the high-shear stage. For this process configuration d5o of the plus 28 mesh

fraction was one of the highest (3.40 mm) along with the dso of agglomerates obtained at the

highest binder content (3.66 mm). However it has to be pointed out that the addition of binder

to the high-shear stage decreased the product quality in terms of total sulfur content. A complete

set of results for particle size distribution of the product generated with 20% heptane and 3.3%

asphalt is presented in Figure 7-20.
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Table 7-78
q

HEPTANE AGGLOMERATES QUAUTY AND SIZE DISTRIBUTION
PITTSBURGH NO. 8 COAL

Binder Addition Product Distribution%

High.Shear Low-SFear Tot_alS =/.%o +28 mesh -28 mesh

IO%H 20%H + 3.3% A 3,88 70.2 29.2
dso = 2.80 mm d5o = 0,130 mm

10%H 20%H + 4% A 3,86 70.3 29,7
dso = 2.85 mm dso = 0,174 mm

10%H 20%H + 5% A 3.80 71,8 28,2
dso = 3.66 mm dso= 0.201 mm

10%H + 0,1%A 21%H + 3.3% A 3.98 76,1 23.9
d5o= 3.40 mm also= 0.134 mm

20%H 10%H + 3.3% A 3.86 73,5 26.5

dso = 3.36 mm dso= 0.134 mm

7.7.4 Alternatlve Size Enlargement Methods for Diesel High-Shear

Test Objectives

To investigate alternative size enlargement methods other than low-shear operation to generate

products with good handleability.

Test Descriptions and Conditions

A laboratory drum pelletizer and an extrusion apparatus were used in this study. These

preliminary experiments were carried out under the conditions listed below.

Table 7-79

TEST CONDITIONS

Coal Upper Freeport
Grind size, mesh 100
High-shear product dewatering Pressure filter
Binder Asphalt emulsion RS.1
Co-binder additives Starch/P-3,15 polymer
Binder content, % 2
Pelletization conditions:

drum revolution, rpm 40 - 50
Time, min 10 - 15

Extrusion conditions Limited number of tests were performed on the
laboratory type extruder, Model No. 387475,
Cranfordsvilte, Ind,, using standard procedure for this
equipment
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_R#sult A[la!ysis

Two types of product were produced, (1) extrusion rods and (2) pellets. The size of extrusion

rods was 3 mm x 1 mm and could vary depending on the cutting knife position. The compaction
i

orrextrusion rods was greatly dependent on a feed moisture content which was in the range of

1,6%to 20%. The size of drum pellets was also greatly dependent on the pelletizer feed moisture

content (20 to 25% range), as well as feed particle size, feed rate and drum inclination. An

example of the particle size distribution for pellets is given in Table 7-80,

Table 7-80

PARTICLE SIZE DISTRIBUTION OF DRUM PELLETS

Particle Size Incremental Incremental Cumulative

.Umt!.sjum wtt g wt, %

1000-1400 0,07 0,04 0.04
1400-1700 0,03 0,02 0 06
1700.2000 O,15 0,09 O,15
2000-2360 0,35 0,20 0.35
2360.,2800 0,91 0,53 0,88
2800-3350 1,77 1,03 1.91
3350-4000 7,15 4,18 6.09
4000-4750 37,78 22,10 28.19
4750-5600 37,94 22,19 50,38
5600-6700 39,44 23,07 73.45

6700- 45.39 26,55 100.00

7.7.5 Drying Tests of Diesel Agglomerates

Test Objectives

To determine the moisture content of diesel low-shear agglomerates, pellets and extrusion rods

after drying at a temperature of 40°C.

Test Descriptions and Conditions

The products generated in low-shear agglomeration, pelletization and extrusion were dried in the

conventional oven at 40°C. Subsequently, the dried products (agglomerates, pellets or rods) were

subjected to moisture determination by toluene distillation. The conditions used to generate the

diesel products are summarized in Table 7-81.
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Table 7.81

SIZE ENLARGEMENT OF DIESEL HIGH-SHEAR PRODUCTS
ME-rHODS AND CONDITIONS

Coal Upper Freeport
Procedure for

size enlargement: Low-shear agglomeration Pelletization Extrusion
Grind size, mesh 28 '100 100

Agglomerant
In high-shear, % 1 1 1

Binder, % 11 (Bitumen+Diesel) 2 (Asphalt) 2 (Asphalt)

Result Analysis

The drying curves for ali three products are shown in Figure 7-21.

For the pellets and rods, 2 hours of drying at a temperature of 40°C reduced the moisture froth

24% to 5%. An extension of drying to 4 hours provided a product with moisture content below

1%.

In contrast to the pelletization and/or extrusion products, the low-shear agglomerates were

characterized by a lower initial moisture content. The low-shear agglomerates generated with

11% binder and at extended agg4omerationtime (up to 1 hour) contained about 10% of moisture

(after simple mechanical separation by screening). The drying rate of these agglomerates was

found to be slower then that of pellets and rods. This difference could be attributed to a different

level of compaction for these products and their binder content, '

7.7.6 Preliminary Handleability Tests
, ,

Test Objectives

To provide preliminary handleability data for the products generated from the diesel process and

enlarged by low-shear agglomeration,pelletization and extrusion, and products from the heptane

process.
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Test Descriptions and Conditions

The products subjected tc, handleability tests were'

o Diesel low-shear agglomeration product (28 mesh Upper Freeport coal and 11%
Cold Lake Bitumen and diesel mixture in ratio 1:1).

o Diesel pellets (100 mesh Upper Freeport coal, 2% asphalt emulsion and 1%
starch).

o Diesel extrusion rods (100 mesh Upper Freeport coal, 2% asphalt emulsion and
1% starch),

o Diesel extrusion rods (2% asphalt emulsion and various additives).

o Heptane product (200 mesh grind of Upper Freeport coal, 3.3% asphalt).

The preliminary handleaL_ility tests included the following analyses:

o Abrasion Resistance Index (ARI)

o Strength Index (SI)

o Water Resistance Index (WRI)

o Weatherability Index (WI)

The significance and methods for determination of these indices are summarized in Table 7-82.

Table 7-82

SELECTED INDICES FOR PRODUCT HANDLEABILIT¥ EVALUATION

tnde___._x Calculation Ex.perimental Method

ARI w/W x 100% w - wt of +28 mesh afler To simulate the tumbling action
tumbling and the impact forces encountered
W - wt o! initial sample handling operations
Tumbled at 50 RPM fol
100 revolutions

SI Crushing force at a relative To simulate the crushing forces
displacement ot 10%, kPa or encountered during transportation
height equivalent for and stockpiling
pressure, m

WRI 100 - % water Immersing products in water To simulate the wet conditions
absorbed after ior 30 minutes a fuel might encountered during
30 minutes immersion outdoor slorage

WI wAN x 100% w - wt ol +28 mesh after To simulate the severe weather

4 cycles of heeze/lhaw conditions a fuel might encounter
W - wt ol _nitial sample during outdoor winter storage
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Influence of Additives on Product Handleability.

Extrusion rods were prepared using the Upper Freeport clean coal (100 mesh x 0) from the diesel

process employing asphalt emulsion RS-1. Additives P3.15 and starch were mixed with coal prior

to the addition of asphalt emulsion, Both the green and air dried products were subject to the

hand!eability tests. The results are shown in Table 7-83.

Table 7-83

INFLUENCE OF ADDITIVES ON QUAUTY OF EXTRUSION PRODUCTS

Diesel Base Case. Alternative Methods for Size Enlargement

Asphalt emulsion Asphalt emulsion Asphalt emulsion

. (2°1o) ....(2%+0.1% P-3.15) (2"/0+1% starch)
dry z._n dry req._.

A_rasion resistance (AI) 96.1 47.8 99.1 64.8 99.0 98.9

Strength index (SI)
Crushing torce, kPa __5.0 29.0 23.0 28.0 197.0
Height equivalent for pressure, rn 3.4 4.0 3.2 4.0 27.0

Water resistance (WRI) 99.2 99.8 96.8

Weatherability Index (Wl) 24.9 25.7 99.2

These preliminary results showed that the addition of starch to the extrusion process, resulted in

significant increase in strerlgth and the weatherability indices of the dried products. There was

no impact of starch addition on the water resistance index.

These preliminary tests also indicated that the presence of starch had a considerable impact on

rods' resistance for abrasion. The extrusion products without starch addition showed a significant

decrease in abrasion index from the green stage to the dried products. The strength

measurements also proved that the addition of starch as a co-binder resulted in the strongest

product. The extrusion rods product with asphalt and starch could withstand the pressure of a

27m high stockpile without disintegration.
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Handleability of Products Generated by Different Size Enlarclement Methods

A preliminary evaluation of enlarged products from various methods is presented in Table 7-84.

Table 7-84

SELECTED PHYSICAL PROPERTIES OF HEPTANE AND DIESEL FINAL PRODUCTS

Diesel Product

Heptane Agglomerates Pellets Rods Pellets
Agglomerates (11% CLB+D) (2% A em +1% St,) .(2% Aem +1% St,) 2% Aem + 0,5% St,)

,(20%H+3.3%A) green dry _ d...@Z £reen dry dry

Abrasion

resistance (AI) 88.7 99.9 99.9 99.7 99.8 99.0 98,8 97.1

Strength Index (Sl)
Crushing force, kPa 59.0 44.0 47.0 35,0 433,0 197.0 159,0
Height equivalent
for pressure, m 8,0 6.0 6,5 4,8 60.0 27,0 21,9

Water resistance 97.5 99.9 96,8 _9,2

(WR0

Weatherability 98,0 99.0 100,0 99.2
Index 0/VI)

Ali enlarged products exhibited similar behavior in terms of water resistance and weatherability.

The strength index was the nighest for pelletization products (433 and 159) followed by extrusion

rods (197) and heptane agglomerates (59). The strength of low-shear agglomerates was found

to be the lowest one (47). This was believed to be caused by the higher plasticity of

agglomerates resulting from high binder concentration. The abrasion index for ali diesel pruducts

was about 99%, wh',le for heptane, lower resistance for abrasion (89) was observed.

7.8 Comparison Tests with Other Laboratories

Test Obiective_

To examine an alternative heptane procedure and simultaneously provide confirmatory results to

the project data base.
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Arcanum Corporation was subcontracted to conduct batch agglomeration tests with three project

coals, namely Illinois No. 6, Pittsburgh No. 8 and Upper Freepor !.

Test Descriptions and Conditions

Table 7-85

TEST CONDITIONS

Coal Pittsburgh No. 8, Illinois No. 6, Upper Freeport
Grind size, mesh 200
Agglomerant concentration, % 30, 50, 150
High-shear solids, % 5, 15

Procedure Developed by Arcanum: Waring Blender, 10000-14000 rpm, 2 stages
of high-shear with additional amount o! heptane in the second stage,
unlimited water for washing o! product agglomerates

"The coal samples were supplied by Alberta Research Council. Arcanum Corporation was

provided with the wet grinding conditions to ensure that identical feeds were used in both the

ARC and Arcanum testing.

The agglomeration products (clean coal and tailings) were analysed for total sulfur and ash

content. Both partners, the ARC and Arcanum performed an independent product evaluation.

Results Analysi_ss

The results of heptane agglomeration generated by Arcanum Corporation are given in Tables 7-

86, 7-87 and 7-88 along with the results obtained by ARC. Analysis of the agglomeration results

showed that an independent testing of three project coals using different procedures yielded

similar results in terms of sulfur rejection and coal matter recovery. The ARC procedure resulted

in slightly higher product ash then the Arcanum one. This difference was probably caused by

more extensive washing of agglomerates employed in the Arcanum procedure.
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7.9 Llclhtand He.avyAclcllomerants- Summary

The batch scale tests were conducted with each coal using heavy agglomerants such as diesel

and Maya-diesel mixture and heptane as light agglomerant. The selected results from tests

carried out in Task 5.1 are presented in Table 7-89.

Table 7-89

COMPARISON OF AGGLOMERATION PERFORMANCES
FOR HEAVY OIL AND HEPTANE CASES

(Standard High-Shear Conditions)*

Berlch Scale ROM Basis
Serial Lab High-Shear OII OII BTU Rec PSR BTU Rec PSR

No, lD___ Solids % Type °/o % "/o % %

PittsburghNo, 8 (200 M..£}sh)

_HeavyOII
364 PLT-206 5 Diesel 1,0 98,2 47,1 95.1 68.7
365 PLT-207 5 M/D 1.0 99,9 49,2 96.8 70,0
366 PLT-207.1 5 M/D 1,0 98,3 50,4 95.2 70,7
434 PLT-218.1 5 M/D 1.0 99,2 44,4 96.2 67,1
447 PLT-224 20 M/D 0,9 96,1 42.7 93,1 66,2
448 PLT-224,1 20 M/D 1.0 98.3 42,1 95,2 65,8

He_n_.e
395 PLT-208 5 Heptane 20,0 99,1 33,1 96.0 60,5
397 PLT-209 ' 5 Heptane 20,0 100,8 34,6 97,7 61,3
459 PLT-231 5 Heptane 10,0 97,0 48.3 94,0 69,4
460 PLT-232 5 Heptane 30.0 99,2 35,6 96.1 62.0
790 PLT-275 5 Heptane 20.0 98,2 38.1 95,2 63,4

illinois No, 6 (200 Mesh[
.,

Heavy__Oil
381 ILL-206 20 Diesel 1,0 93,7 38,3 87.6 78.0
392 ILL-212 5 Diesel 1,0 87,4 44,1 81,7 80,0
471 ILL-237 5 Diesel 2,0 92,8 45,0 86.8 80.4

Hep!ane
405 ILL.214.1 5 Heptane 20,0 92,0 23,7 86,2 72,8
456 ILL-222 5 Heptane 10,0 82.9 25,6 77.6 73.4

Upper Freeport (200 Mesh)

Heavy Oil
367 UFP-200 20 Diesel 1.0 95,1 59,2
369 UFP-202 5 Diesel 1,0 93.5 65,2
371 UFP-203,1 5 M/D 1,0 96.4 71,9
689 UFP-247 20 M/D 1,0 89,0 71,0
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Table 7-8g (Continued)

COMPARISON OF AGGLOMERATION PERFORMANCES
FOR HEAVY OIL AND HEPTANE CASES

(Standard High-Shear Conditions)'

Bench Scale ROM Basis

Serial Lab High-Shear O11 O11 BTU Rec PSR BTU Rec PSR
No__ ll) Solids % Type _ % % % %

Upper Freeport (200 Mesh), (Continued)

Heptane
419 UFP-208.1 5 Heptane 20,0 96,8 49,1
462 UFP-219 5 Heptane 10,0 94,3 64,2
795 UFP-256 5 Heptane 20.0 94,4 62,3
796 UFP-256,1 5 Heptane 20.0 94,8 60.2

'High-shear mir,lng Intensity - 2000 rpm, high-shear residence time - 4 mln

For the comparison purpose, the data in this table has been selected from tests which were

performed under optimal conditions for each process option, For the heptane case, solids

concentration, grind size and agglomerant addition were 5%, 200 mesh and 10%-20%,

respectively. For the heavy oil case, agglomerant addition was 1%, and two solids concentration,

5% and 20% were employed.

Analysis of the data showed that there was a difference in agglomeration performance between

the heavy oils and a light cii.

For Pittsburgh No, 8 coal, the heavy oils yielded better pyritic sulfur rejection than heptane tests.

On the average, about 10% higher pyritic sulfur rejection was achieved at equivalent BTU

recovery. The above observation held true for illinois No. 6 coal. For Upper Freeport coal,

similar results were obtained for both agglomerants.

For a proper comparison of the performances of heptane and heavy oil processes, series of tests

were conducted under optimized high-shear conditions in terms of residence time and mixing

intensity. This test matrix was conducted with the new project coals and diesel cii. A mixture of

Maya and diesel was excluded from the program. Selected results from these tests are

presented in Table 7-90.
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Table 7-90

COMPARISON OF AGGLOMERATION PERFORMANCES
FOR DIESEL AND HEPTANE CASES - NEW PROJECT COALS

(Optimized High-Shear Conditions)*

Bench Scale ROM Basis

Serial Lab Top-Slze Oil Oil BTU Re¢ PSR BTU Rec PSR
_..No_..._, tD mesh _ _ % % % %

PlttsburqhNo, 8 (Predeaned)

971 PLT-292 100 Diesel 1 96,6 45.5 93,6 67,8
972 PLT.293 28 Diesel 1 91,4 44.5 88,5 67,2
879 PLT-289 200 Heptane 20 93,1 51,3 90,3 71,2

Upper Freeport (Raw)

967 UFP-282 1O0 Diesel 1 85,0 79,2
968 UFP-283 28 Diesel 1 75,6 83,9

881 UFP-267 200 Heptane 20 90,4 72.8

Kentucky No, 9_

962 KEN-79 1O0 Diesel 1 94.1 60.5 ,.
961 KEN-78 28 Diesel 1 92.4 63,4

909 KEN-60 200 Heptane 10 95.5 55.3

"High-Shear Conditions:

Diesel Oil
Residence time 1 mln

High-shear mixing Intensity - 2000 rpm (Plttsurgh No. 8, Upper Freeport)
1600 rpm (Kentucky No, 9)

,Hep!ane
Residence time 1 rain (Pittsburgh No, 8, Upper Freeport)

.5 min (Kentucky No. 9)
High-shear mixing intensity - 2000 rpm

Analysis of these results showed that under optimized high-shear conditions there was no

significant difference irl the performance for diesel and heptane processes in case of precleaned

coal (Plttsburgll No. 8). For Upper Freeport coal the differences in pyritic sulfur rejection could

be explained by the changes in BTU recovery. At identical BTU recoveries, the performance,_',for

diesel and heptane cases, might be considered as similar. Kentucky No. 9 coal demonstrated

better performance in the diesel process.
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A series of tests was carried out with the precleaned KentuCky No. 9 and Upper Freeport coals.

The results are summarized in Table 7-91.

Table '7-91

COMPARISON OF AGGLOMERATION PERFORMANCES
FOR D4ESEL AND HEPTANE CASES WITH PRECLEANED COALS

(Optimized High-Shear Conditions)

Bench Scale ROM Basis
Serial Lab Top.Size OII OII BTU Rec PSR BTU Rec PSR

No_ 113 mesh _ % % _%_.. %

Upper Freeport .

1148 UFP.325 28 Diesel 1 92.7 51,2 89,2 77,9
1149 UFP-326 100 Diesel 1 94,9 55,2 91,3 79,7
1155 UFP.332 200 Heptane 20 96,6 56,8 92.9 80,4

Kentucky No, 9

1121 KEN-107 28 Diesel 1 92,7 30,2 88,1 78,7
1122 KEN.108 100 Diesel 1 93,0 34,3 88,4 79,9

1125 KEN-110 200 Heptane 10 95,5 23.4 90.8 76,6

Analysis oi the process performances for the precleaned coals suggested that both diesel and

heptane processes would provide similar results in terms of BTU recovery and pyrite rejection.

7.10 Conclusions of Batch Scale Testinq

The following major conclusions can be drawn from the batch test results:

o The agglomeration response was coal-dependent for a fixed set of process
conditions.

o The agglomeration results obtained with the channel samples and the project coals
were similar.

o An analysis of test results from Subtask 5.1, "Evaluation of Agglomerating Liquids"
concluded in the selection of diesel oil and Maya/diesel (1:1) mixture as the most
suitable heavy agglomerants for ali project coals. Diesel was selected for further
iP ,_stigations based on availability basis. Heptane was selected for light
auglomerant testing based on engineering analysis of various light hydrocarbons.

o For"the heavy agglomerant, flotation was selected for microagglomerate recovery,
while screening was recommended for the light hydrocarbon.
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o An analysisof a single-stage high-shear opeiatlon led to the selection of operating
variables which are summarized in Table 7-92,

Table 7-92

SINGLE.STAGE HIGH-SHEAR OPERATION. OPTIMIZED CONDITIONS

Variables Tested Selected Levels

Case H_ Light O11

Agglomerating liquid Diesel Heptane
Agglomerant dosage 1% 10.30%
Grinding method wet wet
Particle size 28M/100M 200M
High-shear sollds 20% 5%
High-shear resldenoe time 1 minute 0.5/1 minute
High-shear mixing intensity 1600/2000 rpm 2000 rpm
Mlcroagglomerate recovery flotation screening
Flotation sLIIds 6%

- Flotation stages 2-stage
Screen size 106 um

o Each project coal was characterized by its individual response towards
agglomeration and flotation. Kentucky No. 9 exhibited the fastest response to
flotation followed by Pittsburgh No. 8, Upper Freeport and IIUnoisNo. 6 coals.

o The incremental flotation tests determined the optimal flotation time for each coal,
= For Pittsburgh No. 8 and Kentucky No. 9 coals, the flotation time of 60-120

seconds provided the best pyritic sulfur rejection at satisfactory BTU recovery.
The other two coals required a longer flotation time.

o There was no major impacton pyritic sulfur rejectioncaused by conventional pyrite
depressants. For some coals, an improvement (up to 10%) in pyritic sulfur
rejectionwas observed; however, this was usually accompanlcd by a loss in BTU
recovery.

o The emulsificationof agglornerantdid not appear to be a very promising oplion for
the improvement of the agglomeration process performance wtthin the range of
parameters tested. However, some results indicated a potential for using this

= option at low mixing rates and extended residence time.

o A prolonged coal oxidation had a negative impact on overall process performance.

o A slurry storage showed no influence on process performance within the time
° range tested.

- o The effect of pH on overall process performance was coal-dependent. A positive
effect of elevatedpH in high-shear agglomeration stage was observed for Upper
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Freeport coal. In contrast, for Pittsburgh No, 8 coal, basic pH resulted in low BTU
recoveries. The adjustment of pH in the flotatlon cell led to a substantial loss in
BTU for ali tested coals.

o A combination of precleanlng and agglomeration could act_ieveproject goals in
BTU recovery and pyrite rejection.

o The two-stage high-shear processing demonstrated a potential for improvement
of overall process performance. In the case of product regrtndlng, a slight
decrease lr, BTU recovery was accompanied by quite a significant Increase tn
pyritic sulfur rejection (up to 10%)with further Improvementwhen the depressants
were introduced to the regrlndlngstage. In the case of tailings reprocessing, the
BTU recovery was improved at the expense of pyritic sulfur rejection, otherwise a
complex procedure was required to achieve overall improvement of the
performance.

o Low-shear testing with diesel product showed that up to 10%of heavy binder was
required to produce handleable agglomerates. By adding surfactants and varying
the low-shear solids content, a slight improvement in the process kinetics was
recorded°

o The drying tests of the diesel product were conducted at 40°C. For both pellets
and extrusion rods, one hour of drying reduced moisture content from 24%to 15%.

o Drying of heptaneagglomeratesat 110°Cdecreased their moisture content below
1% after 20 minutes of drying.

o The balance of heptane for light hydrocarbon agglomeration showed that up to
0.3% of heptane input to the process was retained in the solid product after
thermal drying at 140°C for 40 minutes, and up to 2% was lost in the tailings
streams.

o The particle size distribution of heptane products after drying showed a bimodal
character with about 30% of the product being disintegrated to the size below 28
mesh. An addition of heavy binder to the high-shear stage has slightly improved
the agglomerate strength and their resistance to disintegration; however, this was
accompanied by deterioration in the product quality.

o Laboratory pelletization tests generated a handleable product from diesel high-
she_r microagglomeratesutilizingasphalt and starch as binders. The mechanical
stren£_thof the pelletized product was ct,reparable or better to that of diesel low-
shear agglomerates or the heptane F_oduct.

o The confirmatory tests for light hydrocarbon agglomeration performed by Arcanurn
Corporation showed no difference in the heptane process performance when the
alternate procedure was applied.

o Diesel and heptane processes showed cornparable performance in terms of BTU
recovery and pyrite rejection under fixed optimized conditions for each process.
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Figure 7-I lllinois ISR for Different Agglomerants
and Agglomerant Concentrations, 28 Mesh
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Figure 7-2 Illinois ISR for Different Agglomerants
and Agglomerant Concentrations, 200 Mesh
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Figure 7-3 Pittsburgh ISR for Different Agglomerants
and Agglomerant Concentrations, 28 Mesh
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Figure 7-4 Pittsburgh ISR for Different Agglomerants
and Agglomerant Concentrations, 200 Mesh

100

90-

80-

70-

60-

50-

[ --I-- DIESEL40- MAYA & DIESEL

30- !-'O-- MAYA
I

20- I FUEL OIL &
' DIESEL

10-

0- I i I
10.0 6.0 3.0 0.5

Agglomerant Concentration %

7-95



Figure 7-5 Upper Freeport ISR for Different Agglomerants
and Agglomerant Concentrations, 28 Mesh
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Figure 7-6 Upper Freeport ISR for Different Agglomerants
and Agglomerant Concentrations, 200 Mesh
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Figure 7-13 Incremental Flotation-Kentucky No, 9
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8.0 BENCH SCALE DIESEL CONTINUOUS TESTING (CPRU)

Bench scale continuous testing of the agglomerationprocess using diesel was performed on the

Continuous Pyrite Removal Unit (CPRU). The primary objective of these tests was to verify the

data obtained in batch scale testing. The results of these tests were also used for process

performance comparisonwith the agglomerationprocessusing heptane as the agglomerant, This

section summarizes the test plan and discusses the results of the testings.

8.1 Summary of Test Plan

The bench scale diesel continuous testing can be classified tnto two experimental groups:

commissioning tests and confirmatory tests which also include tests to determine the mass

balance across the continuous processing system for each project coal.

The commissioning tests were carried out after modification of the existing unit to evaluate the

performance of slurry feeding system,to establish the time requirement for steady state operation,

to develop sampling protocol, and to examine mass balances in system operation. Upper

Freeport coal of a 28 mesh grind was used for these experiments.

The confirmatory tests were performed to generate process data for engineering evaluation and

to examine data comparability between the batch arid continuous testings. The test program

covered ali three project coals (Upper Freeport, PittsburghNo. 8, Kentucky No. 9) at two different

grind sizes (28 mesh and 100 mesh). Processvariables studied in the test matrix includeddiesel

dosage, frother dosages, solids concentrations in flotation cells, and high-shear configurations in

the operation to cover the effect of residence time.

The mass balance tests were performed at a selected set point for each project coal. Samples

of inlet and outlet streams were collected. These included feed coal slurry, tailings from first

stage of microagglomerates recovery (flotation cell), tailings and clean coal product after the

second stage of flotation.
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The mass flow rates for coal matter, ash and total sulfur were calculated for the mass balance

analysis.

8.2 Coal Slurry Feed Characterization

The coal slurry feed for each test run was prepared the night before the scheduled test and was

characterized for slurry density and particle size distribution.

8.2.1 Slurry Density

A known weight of a representative portion of slurry was filtered on a weighed Whatman No. 4

filter paper. The solids recovered along with the filter paper were dried in an oven regulated at

60°C. The percent solids (wt% basis) was determined and this value was used for initial

adjustment of the solids flow and to regulate the diesel dosage in the high-shear mixers.

8.2.2 Particle Size Distribution

A known weight of a representative portion of slurry was wet-screened using Cascade Screening

System (Six Tyler screens). These fractions were dried in an oven regulated at 60°C, cooled to

room conditions and weighed. A typical size distribution data of a slurry feed sample (CPRU-7)

is presented in Table 8-1. D5o of the slurry feed was determined by plotting cumulative weight

increments vs screen openings. Figure 8-1 presents data of 'Table 8-1 and the d5o of the feed

slurry. " '

Table 8-1

DETERMINATION OF SIZE DISTRIBUTION OF

UPPER FREEPORT COAL SLURRY FEED FOR CPRU-7

Coal: Upper Freeport' also: 125 um

Size Range Direct Cumulative
um wt % wt %

+300 21,43 21,43
300 x 212 11.74 33.17
212 x 150 11,92 45.09
150 x 106 10.76 55.85
106 x 75 7,47 63.32
75 x 53 4.97 68,29

.53 31,71 100,00
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8.2.3 Size Degradation

A typical CPRU test would last for at least six hours. Some particle size degradation especially

for the 28 mesh x 0 feed slurry was expected. In order to establish the level of degradation, a

28 mesh x 0 coal slurry of 30% solids of the Upper Freeport coal was prepared for the study.

Agitator was kept running for a period of six hours. Two samples, one after 0.5 hour and the

second after 5.5 hours, were collected from the recirculating system of the slurry holding tank.

These samples were wet-screened and the sizeanalysisdata summarized in Table 8-2, indicated

that size degradation was minimal and would not bias the agglomeration performance results.

Table 8-2

EVALUATION OF SIZE DEGRADATION IN SLURRY HOLDING TANK

Coal Type: Upper Freeport Raw Coal
Slurry Density, wt%: 33.5
Slurry Volume, liter: 80

StirringTime 0.5 hr StirringTime 5.5 hr
Size Range Cumulative Cumulative

um wt% wt%

+600 3,7 2,3
600 x 300 16,1 16.9
300 x 212 25,7 28.9
212 x 150 35.4 39.9
150 x 106 45.1 50.5
106 x 75 54,4 59.9
75 x 53 70.5 68.5

-53 100.0 100.0

8.3 CommissioninqTests

The conditions used in the commissioning tests are summarized in Table 8-3 (CPRU-1). The

consistency of the feed sample, the response of the system to achieve steady state, and the initial

mass balance data are discussed below.
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Table 8.3

UPPER FREEPORT COAL
DIESEL COMMISSIONING TEST CPRU-I: TEST CONDITIONS

Coal' Upper Freeport
Size distribution: 28 mesh x 0, dso = 125 + 5 um, ball mill product
Agglomerant concentration: 1%, 1,5%, 2%, 3%
Frother: MIBC
Frother conoentratlon: 0%, 0.005%, 0.01%, 0.015%
High-shear % solids: 20
High-shear residence time: 4 minutes
High-shear impeller rpm: 2000
Flotation % solids: 6

Flotation residence time: Approximately 4 minutes
Second stage flotation % solids: 6
Second stage flotation residence time: Approximately 7 minutes

8.3.1 Feed Consistency

Table 8-4 provides data indicating the performance of the feed system during the test run,

Twelve samples were collected over a period of about 10 hours. Each sample composed of 4

minutes of total flow of coal slurry discharge routed to the conditioning vessel. The targeted flow

was 148 grams per minute. The small variation in the slurry feed rate was a cumulative effect

of many influencing factors such as level of slurry holding tank, performance of the slurry pumps,

and flow splitter, etc. The main factor was the time involved in sampling and sample retrieval

procedure. A variation of one second would introduce an error of + 2.5 grams in the weight of

collected sample for these flow conditions. However, the mass flow in the dynam!c system is

expected to be closer to the intended flow rate. The data also showed a trend of relatively

constant coal feed rate (dry basis) and consistent composition of the dry solids.
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Table 8-4

UPPER FREEPORT COAL
CPRU-1 FEED RATES TO CONDITIONING VESSEL

Feed Time From Slurry Coal %
Sample Start Rate R ate' % % Total

No, mln _ .q/_n Solids" As...._h Sul.,.__fur

1 0 . 15,3 2.24
2 8 147 50,7 34,4
3 16 148 51.5 34,8 14,7 2,16
4 196 150 51.4 34,2 14.3 2,05
5 256 150 50.7 33.9 14.3 1,94
6 316 149 50.8 34.0 14,8 2,33
7 376 149 49.8 33.5 14,6 2,09
8 386 148 4g,4 33.3 14.3 1,g7
g 396 148 4g,4 33,3

10 456 148 48,3 32,7 14,1 1,92
11 516 147 47.5 32,3 14.2 2,06
12 576 147 46,5 31,7 14.0 1,99

Average 148.3 4g,6 33.5 14,5 2,07

"40°C air-dried basis

8.3.2 Steady State and Sampling Protocol

The CPRU provided a two-stage recovery system for the microagglomerates,a flotation cell and

a hydraulic separator connected in series. To determine the overall efficiency of the operation,

it was necessary to collect clean coal product samples after the second stage of flotation.

Table 8-5 summarized the second stage flotation samples taken for steady state analysis. The

followingsymbols are usedto identify the second stage flotation products: SSFCC (second stage

flotation clean coal), SSFS (second stage flotation settlings) and SSFT (second stage flotation

tailings). Table 8-5 also presents data on the % ash contents and % total sulfur of these

samples.

Based on the clean coal product data, the system reached steady state between 35-45 minutes

of durationof the test run. The SSFS and SSFT samples still showed some variation in flow rates

of solids although % ash and % total sulfur remained consistent after a period of 45 minutes.
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Figures 8-2 to 8-4 illustrate some of the data trends of Table 8-5, Figure 8-2 Indicates the flow

rate of second stage flotation clean coal (SSFCC); Figures 8-3 and 8-4 indicate % ash content

and % total sulfur in the SSFCC samples collected during the test, These three figures show that

after 45 minutes (Indicated by an arrow) the system reaches a steady state, Any fluctuations tn

ash or sulfur contents are within analytical error.

The schedule for sampling the products calls for a 10 minute sample from 45 to 55 after

establishing the steady state conditions, The consistent results obtained during the CPRU-1

confirmed that this schedule of sampling would provide satisfactory data for the required

evaluations,

Table 8-5

UPPER FREEPORT COAL
STEADY STATE ANALYSIS: CPRU.1

Sample Time Taken Rate (dry) ,% %
No, mln Solids g/mln Ash Total Sulfur

SSFCC-1 5- 15 35,9 7.0 1,16
-2 20 - 30 34.8 7.1 1,20
-3 35 - 45 36,2 6,8 1.17
-4 50- 60 36,1 6,7 1.14
.5 65 - 75 36,0 6,6 1,13
-6 80 - 90 34,g 6,5 1,15
-7 95 - 105 34,6 6,5 1.09
-8 110- 120 34,4 6,5 1,12

SSFS-1 5- 15 0,2 23.1 2,53
-2 20. 30 0,4 22,6 2,95
.3 35. 45 0,7 27,6 4.37
-4 50- 60 0,4 25,4 3,46
.5 65- 75 0,8 25.1 3,82
-6 80 - 90 0.8 24,7 3.74
-7 95 - 105 0.8 23.4 3,27
.8 110 . 120 0,8 23,7 3,38

SSFT-1 5. 15 2,1 17,8 2.10
.2 20 - 30 2.1 17,8 2,10
-3 35 - 45 3,4 19,0 2,31
-4 50 - 60 4,4 18.9 2,19
.5 65. 75 3,8 18,3 2,18
-6 80.90 4.0 19,0 2.54
-7 95 - 105 4,4 18.5 2,63
-8 110- 120 5.6 20,1 2.68
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8.3.3 Mass Balance of CPRU-1

To quantify the distribution of mass In the CPRU system after attaining steady state, sample of

clean coal product and samples of tailings from flotation cell and the second stage of flotation

were simultaneously procured and mass flow determined in each stream.

Figure 8-5, a blockdiagram, Illustratesthe process flow streams for the CPRU, and the approach

used for mass balance calculations. Table 8-6 summarizes the mass balanceanalysis. During

mass balance analysis, lt was assumed that the contribution from diesel and frother were

negligible. Therefore, mass flows for these two components were not Included In the mass

balance data.

The results of the mass balance analysis in Table8-6 shows satisfactory recoveries for coal mass

(100.7%), coal matter (99.9%) and ash (99.8%). The recovery for sulfur is relatively low. Being

the smallest component of the process stream, cumulative effect of many influencing factors,

especially quantification of sulfur, would have contributed for this low recovery.

Table 8-6

UPPER FREEPORT COAL
MASS BALANCE OF CPRU-1

Coal Upper Freeporl 0.60 mmx 0 (dso = 125 urn)
Mass

InJet Streams Material Outlet Streams Recovery
Kg/hr Kg/hr wt"/,,

FCC FT FS Total SSFCC SSFT SSFS

Frother 0
Oil 0.O25
Coal 3,074 2,309 0,587 0,132 3.028 2,118 0.221 0.037 100.7
CM 2.628 2.125 0,367 0,066 2,558 1,991 O.174 0.028 99.9
Ash 0,446 0,184 0,185 0,066 0,435 0,142 0.043 0,009 99.8
Sulfur 0,065 0.030 0,019 0,011 0,060 0.023 0,005 0.001 90.8

(SSFCC * SSFT , SSF£) . {FT • FS)

Mass Recovery. wl % = F.,_ X 100
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8.4 ConfirmatoryTests

The confirmatory tests covered the following three project coals at two different grind sizes:

Coal Grind Size Runs Identifications

Upper Freeport 28 mesh, 100 mesh 3 to 12, 30, 31
Kentucky No, 9 28 mesh, 100 mesh 13 to 15, 20 to 25, 28, 29
Pittsburgh No, 8 28 mesh, 100 mesh 26, 27

The objectiveof the test programwas to evaluate the process responsefor the followingfive

variables:

o diesel dosage

o frother concentration

o grind size

o flotation solid concentration

o high-shear mixer configuration (residence time)

The process response for each variable was measured from changes in the following two

parameters which reflected the efficiency of the overall process:

o coal matter recovery or BTU recovery

o pyritic sulfur rejection

8.4.1 Upper Freeport Coal

Total twelve tests were performed using two grind sizes. These test runs were designated with

the same serial numbers as given in the data base, i,e.

Runs

o 28 mesh feed 5, 6, 7, 8, 10, 11, 12, 30

o 100 mesh feed 3, 4, 9, 31
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Testing conditions and the results are summarized In Table 8-7, Runs 3 to 8 covered the effect

of first four process variables, After the completion of these tests, two high-shear mixers in series

were installed and the effect of high-shear configuration was studied through Runs 9 to 12, 30

and 31,

The process responses for each of the variables tested are discussed in the following sections,
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8.4,1.1 Effect of Diesel Dosage Rate

The information retatlng effect of diesel dosage is summarized tn Table 8-8 and is presented by

Ftgure 8.6, The effect of diesel dosage in the high-shear mixer has been compared at several

frother concentrations for both grind sizes, Run 7 was conducted with 28 mesh feed and had no

frother added, lt is obs_arved that Increase of diesel dosage from about 1% to 1,45% Improves

BTU recovery from 53% to 72% and at the sanle time decreases PSR from .-,86% to 68%, At

100 mesh grind size for Run 4, Set Point 2A, 3A, an Increase of diesel dosage from 1% to 1,43%

increases the BTU recovery from 57% to 74% and decreases PSR from 78% to ~76%, Similar

trends are observed for Runs 30 and 31; an Increase of diesel dosage improves BTU and at the

same time decreases PSR. Data for these set points Indicate that increase of diesel improves

%BTU recovery for both grind sizes,

In the presence of 0,005% frother, an Increase of diesel from 1.0% to 1.42% (Run 4, Set Points

4, 1) Improves %BTU from 78% to 94% and decreases PSR from 72.8% to 64.8%.

Table 8-8

UPPER FREEPORT COAL
EFFECT OF DIESEL CONCENTRATION

Run Set Point Top Size Diesel Floi Solids Froth BTU Rec PSR
No, No, mesh % % Conc % % %

4 4 100 1,01 5,9 0.005 78 72,B
4 1 100 1,42 5,9 0,005 94 64,8

3 3A 100 1,00 11,8 0,015 89 35,2
3 6 100 1,55 10.8 0,015 87 31,1

4 3A 100 1.00 5,9 0,00 57 78.2
4 2A 100 1,42 5,g 0,00 74 76,3

31 la 100 1.64 6.0 0,000 54 87,1
31 3a 100 1,30 6,0 0,000 78 77,0

5 2A 28 1.00 6,0 0,015 g7 53,3
6 2 28 1,4g 5,9 0,015 83 66,0

30 1a 28 1,01 6.g 0,000 76 60,3
30 3a 28 1,27 7,0 0,000 91 56,7

7 2A 28 0.96 6,0 0,000 53 85,6
7 lA 28 1.45 6.0 0.000 72 67,6
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The effect of diesel concentration on process performance is not clearly demonstrated under high

frother dosages or higher solids contents in the flotation cell. For 28 mesh feed, Runs 5, Set

Points 2A and Run 6, Set Point 2, an increase of diesel from 1.0 to 1.49, in the presence of

0.015% frother decreases BTU recovery from 100% to 83% and improves PSR from 51.3% to

66%. Probably the effect of increased diesel dosage is masked by the high concentration

(0.015%) of frother. At 100 mesh grind size for Run 3, Set Points 3A, 6, at ..-12% flotation solids

and 0.015% frother, an increase of diesel from 1% to 1.55% has minimal effec_ on BTU recovery

(88%) and on PSR (33%).

8.4.1.2 Effect of Frother Concentration

Data pertaining to the effect of frother on the process response parameters is summarized in

Table 8-9 and presented in Figure 8-7. Run 7, Set Point 2B and Run 5, Set Points 1, 2A, both

are conducted at 28 mesh feed, ...1% diesel dosage, and 6% flotation solids. An increase of

frother concentration increases BTU recovery from 52% to 97% and at the same time decreases

PSR from ,-.87% to 53%. For Run 10, the frother concentration is increased in each successive

,2 set point, lt is observed that with successive increase of frother, BTU recovery increases and

PSR decrea3es for each set point, in the absence of frother BTU recovery is 68% and improves

to 100% at 0.015% frother.

Run 4, Set Points 3B, 4, and Run 3, Set Point 2B are conducted at 100 mesh, 6% flo[ation solids,

and have identical testing conditions. An increase of frother from 0 to 0.015% increases BTU

recovery from 66% to 88% and at the same time decreases PSR from 81.7% to 60.6%. In Run

9, a similar trend is observed; BTU recovery improves from 41% to 93% at 0.015% frother and

PSR decreases from .-.92% to 48%.
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Table 8'9

UPPER FREEPORT COAL
EFFECT OF FROTHER CONCENTRATION

Run Set Point Top Size Diesel Flot. Solids Froth BTU Rec PSR
No. No. mesh % % Conc % % %

7 2B 28 0.96 6.0 0.000 52 87,3
5 1 28 0.96 6.0 0.005 58 80.9
5 2A 28 1.00 6.0 0.015 97 53.3

5 4 28 1,00 11.8 0,005 100 44.7
5 3A 28 1,03 11.8 0,015 100 33,3

10 1 28 0.99 6,0 0,000 68 84.8
10 2 28 0,99 6,0 0.005 75 80,2
10 3 28 0,99 6.0 0,010 90 68,6
10 4 26 0.99 6,0 0,015 100 51,4

d

4 3F'. 100 1.00 6,0 0,000 66 81,7
4 4 100 1,01 5.9 0,005 78 72,8
3 2B 100 1,10 5.9 0,015 88 60,6

9 1 100 1.00 7.5 0,000 41 91.6
9 2 100 1.00 7.5 0,005 62 83,4
9 3 100 1.00 7,5 0,011 78 74,0
9 4 100 1.00 7,5 0,017 93 47.9

Run 5, Set Points 3A, 4, are conducted at 28 mesh feed, ,.,12% flotation cell solids and -,1%

diesel, has 100% BTU recovery at 0.005% frother. Further increase of frother concentration to

0.015% for Set Point 3A has no effect on BTU recovery but pyritic sulfur rejection decreases from

44.7% to 33.3%.

These data indicate that increase of frother dosage improves BTU recovery and simultaneously

decreases PSR. High flotation solids mask the effect of the process variable being investigated.
, ,

8.4.1.3 Effect of Grind Size

To evaluate the effect of grind size, related data is summarized in Table 8-10 and presented in

Figur'e 8-8.
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Table 8-10

UPPER FREEPORT COAL
EFFECT OF GRIND SiZE

Run Set Point Top Size Diesel Flot. Solids Froth BTU Rec PSR
No_....:, No. mesh % % Conc % % %

7 2A 28 1.00 6,0 0,000 53 85,6
4 3A 100 1,00 6,0 0,000 58 78,2
7 2B 28 0.96 6,0 0,000 52 87,3
4 3B 100 1.00 6,0 0.000 66 81.7

5 1 28 0,96 6.0 0.005 59 80.9
4 4 100 1.01 5.9 0,005 78 72,8

5 3A 28 1.00 11,8 0.015 100 33.3
3 3A 100 1,05 11.8 0.015 89 35.2

Run 7, Set Points 2A, 2B, conducted at 28 mesh, and Run 4, Set Points 3A, 3B, conducted at

100 mesh have identical operating conditions, i.e. ~1.0% diesel, 6% flotation solids, and no

frother. Reduction of particle size improves BTU recoveries from ~53% to 58% in the first set and

from 52% to 66% in the second set, and decreases PSR from 86% to 80%. In the presence of

0.005% frother, the size reduction from 28 mesh to 100 mesh, for Runs 5 and 4, Set Points 1,

4, has improved BTU recovery from 59% to 78% but has decreased PSR from .-,81%to 73%.

Size reduction during Run 5, Set Point 3A, and Run 3, Set Point 3A, in the presence of 0.015%

frother, and at .-.12% flotation solids, reduces BTU recovery from 100% to 89%, and has little

effect on PSR. Again, high frother concentration and high flotation solids show their influence on

process performance.

8.4.1.4 Effect of Flotation Solids Concentration

Table 8-11 and Figure 8-9 present results showing the effect of the flotation cell % solids on

process performance, lt is observed that an increase of flotation solids at 28 mesh feed for Runs

6 and 5, Set Points 3 and 5, and at low level of frother (0.005%) increases BTU recovery from

70% to 100% and decreases PSR from 77% to ~41%.

Increase of flotation solids at 28 mesh feed, and 0.015% frother, for Run 5, Set Points 2B, 3A,

has no effect on BTU recovery which remains 100% but decreases PSR from ~51% to 33%.
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For 100 mesh grind size and similar testing conditions, in Run 3, Set Points 2A, 2B and 3A, 3B,

a change of flotation solids has no effect on BTU recovery but again decreases PSR from an

average of 63% to ~35%. lt is observed that increase of flotation solids at both grind sizes has

negative effect on %PSR.

Table 8-11

UPPER FREEPORT COAL
EFFECT OF FLOTATION SOLIDS CONCENTRATION

Run Set Point Top Size Diesel Flot. Solids Froth BTU Rec PSR
No, No, mesh % % Conc % % %

3 2A 100 1,01 5,9 0.015 80 65,5
3 3A 100 1,05 11,8 0,015 89 35.2
3 2B 100 1,10 5,9 0.015 88 60,6
3 3A 100 1,05 11,8 0,015 89 35.2
3 3B 100 1.05 11,8 0.015 87 3.8,3

5 2B 28 0.98 6,0 0,015 100 51.3
5 3A 28 1.03 11.8 0,015 100 33.3

6 3 28 1,58 5,5 0,005 70 77.0
5 5 28 1.45 11.8 0,005 100 41.2

8.4.1.5 Effect of High-Shear Configuration

For evaluating the effect of high-shear configuration, two high-shear mixers were installed in

series and coal flow was 5 Kg/hr. As discussed earlier, both mixers had multiple discharge points

to allow change of residence time. The combination of two high-shear mixers would not permit

conducting testing at ...1minute residence time. Therefore, Run 11 was carried out with a single

high-shear mixer.

The effect of high-shear configuration is summarized in Tables 8-12 and 8-13 and presented in

Figures 8-10 and 8-11. Data in Table 8-12 and Figure 8-10 show the effect of residence time at

different frother levels; Table 8-13 and Figure 8-11 show the effect of frother at different residence
b

times. These are discussed separately in the following sections.
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Table 8-12 shows the effect of change of residence time from ...1 minute to 3.6 minutes at three

different frother concentrations. During these runs, the diesel concentration and flotation solids

are kept constant.

In Run 11, Set Point 1, Run 10, Set Point 1, and Run 12, Set Point 7, areshowing the effect of

increasing residence time on process parameters. Increase of residence time from 0.9 minutes

to 1.8 minutes improves BTU recovery from 54% to 68% and further increase of residence time

to 3.6 minutes decreases BTU recovery from 68% to 44%. The change of residence time shows

little effect on the %PSR. Similar trend is observed at 0.005% frother for Runs 11, 10, 12, at

respective Set Points 2, 2, 1. At 0.015% frother, BTU recovery maximizes at 1.8 minutes but the

PSR decreases each time the residence time is increased.

Table 8-12

UPPER FREEPORT COAL
EFFECT OF RESIDENCE TIME

5 KG/HR BENCH CONTINUOUS DIESEL RUNS 28 MESH TESTS

Run Set Top Size Diesel Res Time Flot MIBC BTU Rec PSR
No. Point mesh % min Solids % % % %

11" 1 28 0,93 0.9 6.0 0,000 54 88.1
10 1 28 0,99 1,8 6,0 0,000 68 84,8
12 7 28 0,91 3.6 6,0 0,000 44 88,7

11" 2 28 0,90 0.9 6,0 0,005 72 81.5
10 2 28 0,99 1.8 6.0 0.005 76 80.2
12 1 28 0,91 3.6 6,0 0,005 40 87.7

11" 3 28 1,06 0.9 6,0 0,015 85 76,8
10 4 28 0.99 1,8 6,0 0,015 106 51.4
12 4 28 0,91 3.6 6,0 0,015 91 44,2

"Single high-shear

Table 8-13 summarizes the conditions for maximizing BTU recovery and %PSR at different

residence times. The diesel concentration is kept constant (1%) and concentration of frother is

varied from 0 to 0.015%. Results of Run 11 indicate that at 0.9 minutes residence time, an

increase of frother from 0 to 0.01 5% improves BTU recovery from 54% to 85% and decreases
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PSR from --,88%to 77%. For 1.8 minutes of restdenoetime for Run 10.0.01% frother is required

to achieve 90% BTU recoveryand ,,,69%PSR. Slmtlardosage of frother at 3.6 minutes residence

time Improves BTU from 44% to 80% and decreases PSR from ,,,89% to 64%. These

observations are madeat speclfic testing conditions and may not produce the same effect on the

process performance if applied at different process conditions.

For 100 mesh feed, during Run 9, an increase of frother concentration increases BTU recovery

from 42% to 93% and decreasesPSR from 92% to 48%. The overall trend Is similar to one

observed for 28 mesh feed.

Table 8-13

UPPER FREEPORT COAL
EFFECT OF FROTHER AND DIFFERENT RESIDENCE TIME

Run Set Diesel MIBC Res Time BTU Rec PSR
No. Point % % mtn % %

28 Mesh Tests

11" 1 0,90 0,000 0,9 54 88,1
11" 2 0,90 0,005 0.9 72 81.5
11" 3 0,90 0,015 0.9 85 76.8

10 1 0,99 0,000 1.8 68 84,8
10 2 0,99 0,005 1,8 76 80,2
10 3 0.99 0,010 1.8 90 68,6
10 4 0,99 0,015 1.8 106 51,4

12 7 0,91 0.000 3,6 44 88.7
12 1 0,91 0,005 3,6 40 87.7
12 2 0.91 0,006 3,6 57 79.0
12 5 0.91 0.010 3,6 80 64,4
12 3 0,91 0,012 3,6 83 58,7
12 4 0,91 0,015 3,6 91 44,2

100 Mesh Tests

9 1 1,0 0.000 0.7 42 91.6
9 2 1,0 0,005 0,7 63 83.4
9 3 1,0 0,011 0.7 78 74.0
9 4 1,0 0.017 0.7 93 47.9

'Single high-shear stage
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8.4.1.6 Comparative Evaluationof High-Shear Configuration

Runs3 to 8 are conductedwithonehigh-shearmixerand Runs30 and 31 have two hlgh-shear

mixersinstalledin series. Bothmodesof operationhave similartestingcondition, The testing

conditionsand the results for these runs are summarized in Table 8-7. For cornparatlve

evaluationof these two modesof operation,the relevantdata are summarized in Table 8-14,

Table 8-14

COMPARATIVE EVALUATION OF HIGH-SHEAR CONFIGURATION

Run Set High-Shear Top Size Diesel Frother RT BTU Rec PSR

No..__:, Poln_..._t Conftg mesh % % m__ln % °/o

30 1a S 28 1.01 0,000 4,5 76 60,27
7 2a 1 28 , 0,96 0.000 4.0 52 85.65

30 2a S 28 1,03 0,005 4.5 90 45.21
5 1 1 28 0.96 0,005 4,0 59 86,88

31 2 S 100 1,06 0,005 4,5 92 55,78
4 4 1 100 1,01 0.005 4.0 77 72.81

S - two high-shear mixers In series
1 - single high-shear mixer

For 28 mesh feed, Run 30, Set Point la (two high-shear mixers) has 72% BTU recovery

compared to 52% obtained with a single high-shear mixer. For Run 30, PSR is ~60% compared

to ~86% for Run 7, Set Point 2a (single high-shear mixer). The results of Run 30, Set Point 2a,

and Run 5, Set Point 1, also show similar trend.

For 100 mesh feed, Run 31, Set Point2 has 92% BTU recovery compared to 77% for Run 4, Set

Point 4 and %PSR again shows the opposite trend, i,e. 73% for single high-shear mixer (Run4)

and 56% for two high-shear mixers (Run 31). These results indk;ate that for similar residence

time two high-shear mixers installed in series give higher BTU recovery than a single high-shear

mixer and the opposite Is true for %PSRo The cumulative effect of comparatively high energy

input in the two high-shear mixers and to a certain degree, the short circuiting in the single high-

shear mixer may have caused this effect on BTU recovery and %PSR.
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8.4.1.7 Mass Balance Analysis

Samples of clean coal product and tailings from flotation cell and second stage of flotation were

simultaneously collected at the CPRU-30 Set Point 2a. These were prepared and analysed for

residual moisture, ash and total sulfur content. From the recovered dry weight and analysis of

each sample, mass balances for coal, combustible matter, ash, and total sulfur were calculated.

The mass balance data for these four components are provided In Table 8-15. The final dry

weights of the samples of inlet and outlet streams had only trace quantities of diesel and frother,

therefore, mass flows of these two components were not included in the mass balance data.

The results of the mass balance analysis in Table 8-15 show satisfactory recoveries for coal

mass, coal matter and ash. This confirms that the procedures used in sampling of the feed and

products are accurate. For sulfur, being the smallest component In the overall process streams,

small discrepancy (95.6% recovery)in the mass balance is within the overall accuracy of the

operation.

Table 8-15

UPPER FREEPORT COAL
MASS BALANCE OF CPRU-30 SET POINT 2A

Material Outlet Streams Mass

Streams kg/hr Recovery
SSFCC SSFT SSFS F._T.T FS wt%

Frother 138 x 10"_
OII 0.026
Coal 2.561 2,208 0,124 0,016 0.147 0.032 98,67
CM 2°208 2.025 0,079 0,01 t 0.049 0,012 98,55
Ash 0,353 0.183 0,046 0.005 0.098, 0,021 100,00
Sulfur 0,045 0.030 0.004 0,001 0,005 0.003 95,56

,_SSFCC, SSFT , SgFS), (FT 0 FS_

Mass Recovery, wt % = _._ X 100

8.4.2 Kentucky No. 9 Coal

A total of eleven test runs were conducted at two grind sizes of this coal. The overall approach

for evaluating the effects of the variables was similar to the one followed for the Upper Freeport

coal.
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The variables Investigated Included;

o Effect of diesel dosage

o Effect of frother concentration

o Effect of grind size

o Effect of residence time

Information on the testing conditionsand the results for these runs are summarized in Table 8-16.

For Runs 13 to 15, the clean coal product samples were collected after the second stage of

recovery of microaggiomerates (flotation followed by second stage flotation). For the rest of test

runs at each set point, clean coal samples were collected after the first stage and the second

stage of the recovery process.

Test Runs 13 to 15, 20 to 25, and 28, 29, covered the range of diesel dosage and of frother

concentration for evaluating process responses in terms of BTU recovery and pyritic sulfur

rejection. Run 28, Set Point 2a was used for mass balance calculations. The process response

for each of the variables tested is discussed in the following sections.
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8.4.2,1 Effect of Diesel Dosage Rate

The reaults of the test runs relating to tt_e effect of diesel dosages on the agglomeration

performance for both grind sizes are summarized In Table 8-17 and presented In Figure 8-12,

The process response Is compared at various residence times and frother concentrations,

For Run 28, Set Points3a, la at residencetime of 4,5 minutes and in theabsence of frother, an

Increase of diesel from 1,08%to 1.26% IncreasesBTU recovery Ikom82%to 97% and decreases

PSR f,'om -,60% to 54%. In the presence of 0,008% frother for Run 20, Set Points la, 2a an

increase of diesel dosage from 1.02% to 1.26% decreases BTU recovery and PSR from 96% to

93% and from -.52%to 48%, respectively, The presence of frother masks the effect of increased

diesel concentration,

Table 8.17

CPRU TEST RUNS WITH KENTUCKY NO, 9 COAL
EFFECT OF DIESEL CONCENTRATION

Feed Flol

Run Set Top Size Diesel MIBC RT Solids Yield BTU PSR
No...._.; Poln..__t mes h dso % . _ ml..._.nn % %_. _ %

20 Ia 28 130 1,26 0,0087 4,4 6,0 84,49 93 48,39
20 2a 28 130 1.02 0,0086 4,4 6,0 86,34 96 51,81

21 5a 28 135 1,11 0,0080 1.9 6.0 85,03 95 49,04
21 6a 28 135 0,91 0,0US0 1,9 6,0 72,36 81 57,45

28 3a 28 115 1,26 0,000 4,5 6,0 87,80 g7 53,74
28 1a 28 115 1,08 0,000 4,5 6,0 83,82 82 60,23

22 9a 100 55 1,23 0,0080 3,8 6,0 83,10 94 5,9,71
22 1Oa 100 55 1,01 0.0080 3,6 6,0 76,94 87 62,44

22 11a 100 55 1,22 0,0000 3,8 6,0 80,65 gl 59,12
22 12a 100 55 0,gg 0,0000 3,8 6,0 72.53 83 66,34

29 3a 100 60 1,20 0,000 4,5 6 80,14 96 60,68
29 1a 100 60 1,02 0,000 4,5 6 72,69 82 65,55

23 15a '100 55 1,25 0,0000 1,g 6,0 88,60 100 60,63
23 16a '100 55 1,00 0,0000 1,g 6.0 80.37 92 64,33
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Run 21 has similar testing conditions, except the residence time which Is reduced from 4,4

minutes to 1,9 minutes, Irl the Presence of 0,008% frother (Set Points 5a, 6a), an Increase of

diesel from 0.91% to 1.11% Increases BTU recovery from 81% to 95%; at the same time the

pyritic sulfur rejection decreases from -'58% to 49%,

For 100 mesh feed, an Increase of diesel dosage from --1,0% to 1.22% (Run 22, Set Points 1la,

12a), and at 3,8 minutes of residence time, increases BTU recovery from 83% to 91% and

decreases pyritic sulfur rejection from ~66% to 59%, Similarly, an increase of diesel dosage at

the reduced residence time of 1.9 minutes for Run 23, Set Points 15a, 16a, increases BTU

recovery to 100% and decreases pyritic sulfur rejection value from 64% to 60%. Run 22, Set

Points 11a, 12a, and Run 29, Set Points 3a, la, again show that an Increase of diesel dosage

Increases BTU recovery and decreases %PSR.

Figure 8-12 Indicatesthe effect of an Increased diesel dosage on BTU recovery and %PSR. For

both grind sizes an Increase of diesel dosage improves BTU recovery and decreases %PSR.

8.4.2.2 Effect of Frother Concentration

Data related to effect of frother Is summarized tn 'Table8-18 and presented in Figure 8-13.
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Table 8-18

CPRU TEST RUNS WITH KENTUCKY NO. g COAL
EFFECT OF FROTHER CONCENTRATION

Feed Flot
Run Set Top Size Diesel MIBC RT Solids Yield BTU PSR
No, Point mesh also % % min % % % %

20 1a 28 130 1;26 0.0087 4.4 6.0 84.49 g3 48.39
20 3a 28 130 1.28 0,0000 4.4 6.0 86,65 g6 49.66

20 2a 28 130 1.02 0,0086 4.4 6.0 86.34 96 51,80
20 4a 28 130 1.06 0,0000 4.4 6.0 87.07 g7 53.74

23 13a 100 55 1.25 0,0080 1.g 6.0 80.00 g0 61.58
23 15a 100 55 1.25 0.0000 1.9 6.0 88.60 100 60.63

23 14a 100 55 1.00 0.0080 1.9 6,0 85.94 g6 53.76
23 16a 100 55 1.00 0.0000 1.9 6.0 80.37 92 64.33

22 9a 100 55 1.23 0,0080 3.8 6.0 83.10 93 59,71
22 11a 100 55 1.22 0.0000 3.8 6.0 80.65 91 59.12

22 1Oa 100 55 1.01 0.0080 3.8 6.0 76.94 86 62,44
22 12a 100 55 0.9g 0.0000 3.8 6.0 72.53 82 66.34

For 28 mesh feed, 1% diesel and 4.4 minutes of residence time (Run 20 Set Points la, 3a and

2a, 4a), an increa.se of frother from 0 to 0.008% has little effect on BTU recovery and pyrite sulfur

rejection. At reduced residence time of 1,9 minutes, an addition of 0.008% frother decreases

pyritic sulfur rejection from ,.,66% to 57%. The effect of frother on %PSR at lower residence time

is more predominant compared to that observed for tests conducted at 4.4 minutes residence

time.

For 100 mesh feed ( Run 22, Set Points 9a, 11a and 10a, 12a), and residence time of 3.8

minutes, an increase of frother concentration from 0 to 0.008%, at 1.22% a,esel, has little effect

on the BTU recovery and pyritic sulfur rejection. But at 1% diesel (Run 22) BTU recovery

increases from 82% to 86% and PSR decreases from --66% to 62%.

Run 23, Set Points 14a, 16a conducted at 1.9 minutes of residence time shows similar trend; an

increase of frother from 0 to 0.00_:_%increases BTU recovery from 92% to 96% and I_yritic sullur

rejection goes down from ~64% to 54%.
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8.4.2.3 Effect of Grind Size

The effect of grind size at different levels of diesel and residence time ts summarized irl Table 8-

19 and presented in Figure 8-14.

Table 8-19

CPRU TEST RUNS WITH KENTUCKY NO. 9 COAL
EFFECT OF GRIND SIZE

Feed Flot

Run Set Top Size Diesel MIBC RT Solids Yield BTU PSR
No. Point mesh also % % rain % % % %

20 1a 28 130 1.26 0,0087 4.4 6,0 84.49 93 48.39
22 9a 100 55 1,23 0,0080 3,8 6.0 83.10 93 59,71

20 2a 28 130 1,02 0.0086 4,4 6.0 86,34 96 51.80
22 1Oa 100 55 1,01 0.0080 3,8 6,0 76,94 87 62,44

20 3a 28 130 1.28 0.0000 4,4 6.0 86.65 96 49.66
22 11a 100 55 1.22 0.0000 3°8 6.0 80.65 91 59,12

28 3a 28 115 1.26 0,0000 4.5 6,0 87.80 97 53.74
29 3a 100 60 1.20 0,0000 4.5 6,0 80.14 90 60.88

Reduction of grind size from 28 mesh to 100 mesh for Run 28, Set Point 3a and Run 29, Set

Point 3a, with .-1.25 diesel and in the absence of frother shows decrease of %BTU and increase

of %PSR. Addition of 0.008% frother in Run 20, Set Point la and in Run 22, Set Point 9a, has

changed the flotation kinetics. Therefore, %BTU remains similar and PSR improves from 48.39%

for 28 mesh top size to 59.71% for 100 mesh feed. For Run 20, Set Point 2a, with ~1% diesel,
,,

and 0.008% frother, a reduction of grind size from 28 mesh to 100.mesh decreases BTU recovery
,'_t

from 96% to 87% and increases PSR from 51.8% to _,2:44%.'
r

8.4.2.4 Effect of Residence Time

Table 8-20 and Figure 8-15 summarize the results showing the effect of residence time on BTU

recovery and pyritic sulfur rejection. For 28 mesh feed (Run 14, Set Points 4, 5 and 6) an

increase of residence time from 0.7 minutes to 2.2 minutes improves BTU recovery from 75% to

82%, while %PSR remains almost unchanged. Further increase of residence time has no effect

on %BTU recovery, but reduces PSR from ~55% to 51%. These results indicate that for these

given testing conditions, optimum residence time for 28 mesh is ~2.2 minutes.
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For 100 mesh feed, at ~1% diesel and in the absence of frother (Run 15, Set Point 1, Run 22,

Set Point i0a, Run 23, Set Point 16a and Run 15, Set Point 3) an increase of residence time

from 0.7 minutes to 1.9 minutes increases BTU recovery from 83% to 92% and decreases PSR

from ~70% to 64%. Further increase of residence time to 3.8 minutes decreases both BTU

recovery and %PSR. lt is possible that extensive agitation for a prolonged period of time exposes

new surfaces which are not covered with oil and thls causes a decrease of %BTU and %PSR.

lt appears that optimum residence time for 100 mesh grind size for these testing conditions is also

-.2 minutes. Run 22, Set Point 9a and Run 23, Set Point 13a both are carried out with ~1.25% ,

diesel and 0.008% frother. The change of residence time from 1.9 minutes to 3.8 minutes has

little effect on the BTU recovery and on %PSR. For the higher diesel dosage and in the presence

of frother, the effect of residence time on process performance becomes obscure.

Table 8-20

CPRU TEST RUNS WITH KENTUCKY NO. 9 COAL
EFFECT OF RESIDENCE TIME

Feed Flot

Run Set Top Size Diesel MIBC RT Solids Yield BTU PSR
No, Point mesh dso % % mln % % % %

14 4 28 115 0,76 0.0000 4.3 8.8 82.33 81 50.42
14 5 28 115 0.76 0.0000 2.2 8.5 90.21 82 54.54
14 6 28 115 0.80 0.0000 0.7 9.2 67,48 75 56.14

15 1 100 58 1.03 0.0000 4.3 6.0 71.58 80 57.63
22 1Oa 100 55 1.01 0.0000 3.8 6,0 76.94 86 62.44
23 16a 100 55 1,00 0.0000 1,9 6,0 80.37 92 64.33
15 3 100 58 1.04 0.0000 0,7 6,0 72.93 83 69,73

22 9a 100 55 1.23 0.0080 3.8 6.0 83,10 93 59.71
23 13a 100 55 1.25 0,0080 1.9 6.0 80.00 90 61,58

8.4.2.5 Mass Balance Analysis

Samples of clean coal product and tailings from flotation cell and second stage flotation unit were

simultaneously collected at CPRU-28 Set Point 2a. To calculate mass balances for the four

components the procedure followed was similar to that described in Section 8.4.1.7. The mass

balance data summarized in Table 8-21 show satisfactory recoveries for coal mass, coal matter,

ash and sulfur.
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Table 8-21

KENTUCKY NO. 9 COAL
MASS BALANCE OF CPRU-28 SET POINT 2a

Material Outlet Streams Mass

Streams kg/hr Recovery
SSFCC SSFT S..._SF..SS_ I=.S.S . wt%_

Frother 156 x 10.5
OII 0.033
Coal 3.047 2.554 0.133- 0.029 0.219 0.092 99.33
CM 2,493 2.303 0.070 0.013 0.050 0.020 98.52
Ash 0,555 0,250 0.063 0,015 0.169 0,071 102.34
Sulfur 0,122 0,079 0,010 0.003 0.014 0.013 97.54

psFcc,ssn, s,_'s_.(FT,_sI
Mass Recovery, wt % = F,_ X 100

8.4.3 Pittsburgh No. 8 Coal

The overall approach for evaluating the effects of process variables on process response for this

coal was similar to that followed for the Upper Freeport and Kentucky No. 9 coal. lt should be

pointed out that the results for BTU recovery and PSR for Pittsburgh No. 8 coal are presented

on a precleaned basis (Tables 8-22 to 8-26). The variables investigated included:

o Effect of diesel dosage

o Effect of frother concentration

o Effect of particle size

Two runs, No. 26 and No. 27, carried out with two grind sizes, had a total of twelve set points.

At each set point, two clean coal product samples, one after the first stage of recovery (flotation

cell) and the second after the second stage of recovery were collected for evaluating process

performance. For Run 26, at Set Point 2a, along with the cle_n coal products, samples of

tailings from the flotation cell and from the second stage flotation unit were simultaneously

recovered for the mass balance calculations. The testing conditions and the results of the Runs

26 and 27 are summarized in Table 8-22. The effects of these three variables on the process

performance are summarized in the following sections.
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8.4.3.1 Effect of Diesel Dosageq

To evaluate the effect of the diesel dosage the related data from Table 8-22 is further regrouped

in Table 8-23 and presented in Figure 8-16.

Table 8-23

CPRU TEST RUNS WITH PITTSBURGH NO. 8 COAL
EFFECT OF DIESEL CONCENTRATION

Feed Flot
Run Set Top Size Diesel M IBC RT Solids Yield BTU PSR
No, Point mesh d5o % % mln % % % %

26 1a 28 140 1.02 0.000 4.5 6 90.63 94 30.83
26 4a 28 140 1.21 0,000 4.5 6 95,22 98 23,43

26 2a 28 140 1.04 0.005 4.5 6 92,76 95 21,02
26 5a 28 140 1.17 0,005 4,5 6 94.60 97 18,98

26 3a 28 140 1.04 0,010 4.5 6 92.50 95 24.57
26 6a 28 14£) 1.23 0,010 4.5 6 90.80 93 21,49

27 1a 100 70 1.03 0.000 4.5 6 86.19 90 46.55
27 4a 100 70 1.25 0.000 4.5 6 84,50 87 37.98

For the 28 mesh grind size (Run 26, Set Points la, 4a) it is observed that an increase of diesel

dosage from 1.02% to 1.21% increases BTU recovery from 94%to 98% and decreases PSR from

~31% to 24%. In the presence of 0.005% to 0.01% of frother the effect of higher diesel dosage

(Run 26, Set Points 2a, 5a, 3a, 6a) on the response parameters decreases. For Run 26, Set

Points 3a, 6a, increased diesel dosage from 1.04% to 1.23% in the presence of 0.01% frother,

decreases BTU recovery from 95% to 93% and decreases PSR from -..25%to 22%.

For 100 rnesiqgrind size, an increase of diesel from 1.03% to 1.25 (Run 27, Set Points la, 4a)

has little effect on the BTU recovery but PSR decreases from -,47% to 38%.

The results indicate that in general, increase of diesel dosage increases BTU recovery for both

grind sizes and decreases %PSR. The high frother concentration (0.01%) masksthe effect of

increased diesel dosage.
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8.4.3.2 Effect of Frother

"Thedata relating to the effect of frother addition on process response is summarized in Table

8-24 and presented in Figure 8-17.

Table 8-.24

)
CPRU TEST RUNS WITH PITTSBURGH NO. 6 COAL

EFFECT OF FROTHER CONCENTRATION

Feed Flot

Run Set Top SIze , Diesel MIBC RT Solids Yield BTU PSR
No.._:. Poin__t mes.___hh d___ % =/o ml__n % % % °/o

26 1a 28 140 1,02 0,000 4,5 6 90,63 94 30.83
26 2a 28 140 1,04 0,005 4,5 6 92.76 95 21.02
26 3a 28 140 1,04 0,010 4,5 6 92,56 95 24.57

27 1a 100 70 1,03 0,000 4.5 6 86,19 90 46,55
27 2a 100 70 1.01 0,005 4.5 6 84,87 89 44,68
27 3a 100 70 1,03 0,010 4.5 6 90.05 93 36.77

For 28 mesh feed, increased frother dosage from 0 to 0.01% (Run26, Set Points la, 2a and 3a)

shows little effect on the BTU recovery. The pyritic sulfur rejection decreases from ~31% (0%

frother) to ~25% (0.01% frother).

For 100 mesh grind size (Run 27, Set Points la, 2a and 3a) increased frother concentration from

0 to 0.01% again has little effect on the BTU recovery. The pyritic sulfur rejection remains

unchanged for up to 0.005% frother addition, and further increase of frother to 0.01% significantly

reduces the PSR from ~47% to 37%.

8.4.3.3 Effect of Grind Size

Data relating to the effect of the grind size is summarized in Table 8-25 and presented in Figure

8-18, Comparative evaluation of the data for Runs 26 and 27 indicate that at ~1% diesel and 0

to 0.005% frother, the BTU recovery at 28 mesh feed is higher than at 100 mesh grind size, The

pyritic sulfur rejection improveswith the reduction of grind size from ~30% to 47%. Similar trend

is observed at ali other levels of diesel and frother concentrations.
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Table 8.25

CPRU TEST RUNS WITH PITTSBURGH NO, 8 COAL
EFFECT OF GRIND SIZE

Feed Flot

Run Set TOpSl..ze Diesel MIBC RT Solids Yield BTU PSR
No.._=, Poin...._t mes.._h.h d..._._ . % _ rnl.___n % % _

26 1a 28 140 1,02 0,000 4,5 6 90,63 94 30,83
27 la 100 70 1,03 0,000 4.5 6 86.19 90 46,55

26 2a 28 140 1,04 0,005 4,5 6 92.76 95 21,02
27 2a 100 70 1.01 0.005 4.5 6 84,87 89 44,68

26 3a 28 140 1,04 0,010 4.5 6 92.50 95 24.57
27 3a 100 70 1.03 0,010 4,5 6 90,05 93 36,77

26 6a 28 140 1,23 0,010 4,5 6 90,80 93 21,49
27 6b 100 70 1,25 0,010 4.5 6 85,53 89 45,98

8.4.3.4 Mass Balance Analysis

Samples of clean0oalproductand tailingsfrom flotationcelland secondstage flotationunitwere

simultaneouslycollectedat CPRU-26 Set Point 2a. The procedurefollowedto calculatemass

balances for the fourcomponentswas similar to that described in Section8.4.1,7. The mass

balancedata summarizedin Table 8-26 showsatisfactoryrecoveriesforcoal mass, coal matter,

ash and sulfur.

Table 8-26

PrrTSBURGH NO, 8 COAL
MASS BALANCE OF CPRU.26 SET POINT 2A

Material Outlet Streams Mass

Streams kg/hr Recovery
.k..k_.._L SSFCC SS._FT SSFS FT F_..SS wt%

Frother 156 x 10.3
Oil 0,033
Coal 3,171 2,941 0,064 0,028 0,063 0,012 98,01
CM 2,879 2.738 0,036 0,002 0,025 0,005 97.46
Ash 0,292 0,203 0,029 0,006 0,038 0,007 96.92
Sulfur 0,120 0,106 0,004 0,002 0,004 0,001 97.50

(SSFCC • S£FT * SgFS) * (FT • FS)

Mass Recovery, wt % = F.._ X 100
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8.5 Conclusions

The effects of diesel dosage, frother concentration, grind size, solids content in flotationcell and

high-shear configuration were studied in the bench scale continuous unit. The competing

influences of these variables greatly complicatedthe interpretation of their effect on the process

performance. However, under testing conditions when the Influencesof the competing variables

were minimal, general trends were derived from selected cases of the test runs.

Table 8-27 summarizes the results of the promising operation conditions for ali the project coals,

The analysis of the results given in the respective sections of this study program leads to the

following conclusions.

Table 8.27

PROMISING OPERATING CONDITIONS AND RESULTS

Grind Run Set Diesel Frother Flot Solids RT Ash TS BTU PSR

SIz._..__e No__..:.,Poln._.._..t % % % rnt..nn %: .._.%. °/o °/o

Upper Freeport

28 mesh 10 3 0,99 0,010 6,0 1.8 9,1 1.46 90 68,6
11 3 1,06 0,015 6.0 0.9 8,4 1,28 85 76,8

100 mesh 4 1 1,42 0,005 5,9 4,0 8.4 1,19 94 64,8
10 3 0,99 0.010 6,0 1.8 9,1 ,146 90 68,6

Kentucky No, 9

28 mesh 20 4a 1,06 0,000 6.0 4,4 7.9 2,95 97 53,7
21 8a 0,87 0,000 7,5 1,9 7,1 2,82 81 66,4
24 21a 1.00 0,004 9,0 3,8 8,5 3,03 91 50.1

1O0 mesh 15 3 1,04 0,000 6,0 0.7 6,2 2,69 84 69,7
22 9a 1,23 0,008 6.0 3,8 8.9 3,07 93 59,7
29 3a 1.20 0,000 6.0 4,5 8,3 2,93 90 60,9
29 1a 1,02 0,000 6.0 4,5 8,4 2,89 82 65.5

Plttsburqh No, 8

28 mesh 26 la 1,02 0,000 6,0 4,5 6,3 3,48 94(92)* 30,8(59,1)*

100 mesh 27 1 1.03 0,000 6,0 4,5 6,3 3,39 90(87)' 46,6(68,4)"

'numbers in brackets on ROM basis
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U_pP_erFreeport Coal

o Pyritic sulfur rejection and BTU recovery are highly influenced by the diesel
dosage for both grind sizes. The increase of diesel dosage above 1% In the
presence of 0 to 0.01% frother Increases %BTU recovery and simultaneously
decreases %PSR, but Increase of diesel In the presence of more than 0.01%
frother has iittle effect on BTU recovery.

o The Increaseoffrother concentration at ~1% diesel dosage significantly Improves
BTU recovery with slrnultaneous decrease of %PSR, but at htgher dosage of
diesel, ~1.25%,an Increase of frother has lessdominant effect on BTU recovery
and has little effect on %PSR.

o Change of grind size from 28 to 100 mesh shows Increase of BTU recovery and
has little effect on %PSR, The effect of grind size was less promlnant at high
dosages of etther dtesel or frother.

o Increase of flotation solids Increases %BTU and decreases %PSR. Increased
frother concentration (0.015%) masks the effect of the flotation solids content on
the process performance.

o lt is observed that shorter residence time in high-shear gives better process
selectlvity at the expense of BTU recovery. However due to the influence of
other variables lt is difficult to confirm a definite trend.

For 28 mesh feed the promising testing conditions observed are ~1% diesel, 0.01 to 0.015%

frother, 6% flotation solids, and 1 to 2 minutes of residence time. The range for BTU recovery

is 85% to 90%, whtle for PSR lt is from 69% to 77%. For 100 mesh feed, 1% to 1.42% diesel,

0.005% to 0.01% frother, 6% flotation solids, and 2 to 4 minutes of residence time are the

promising testing conditions. The range for BTU recovery is 90% to 92% and PSR varies from

65% to 69%.

Kent_.u_uckyNo. 9 Coal

o The increase of diesel dosage improves BTU recovery and has less significant
effect on %PSR. The presence of frother masks the effect of increased diesel
dosage.

o Unlike the Upper Freeport coal, the increase of frother concentration has
insignificant effect on BTU recovery and on %PSR.
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o Reduction tn grind size from 28 mesh to 100 mesh also has an Insignificant
effect on BTU recovery, but Improves PSR by an average of "-10%,

o An Increase of residence time Improves %BTU and decreases%PSR, At higher
residence time, (4,3 minutes) extensive agitationpossibly exposes new surfaces
which effect BTU recovery and %PSR.

Based on the results, the most promising conditions at 28 mesh grind size are 1,0% to 1.06%

diesel, 6% solids, and 1,9 to 3.8 minutes of residence time. The range of BTU recovery ts 82%

to 91% and PSR varies from 54% to 66%. For 100 mesh feed the promising conditions are 1%

to 1.2% diesel, up to 0.004% frother, and 3.8 minutes of residence time. The BTU recovery is

about 95% and PSR Is In the range 55% to 70%.

Pittsburqh No, 8 Coal

o The increaseof diesel concentration above 1% has little effect on BTU recovery
but decrease %PSR for both grtnd sizes.

o Higher frother addition at both grind sizes has little effect on BTU recovery but
decreases % PSR,

o Reduction of grind size from 28 mesh to 100 mesh has little effect on BTU
recovery but significantly improves %PSR,

For 28 meshfeed, the promising testing conditions for precleaned coal are 1.02 diesel, no frother

and 4,5 minutes of residence time. The BTU recovery is 94% and PSR is 31%, For 100 mesh

grind size the promising testing conditionsare similar to 28 mesh feed, The BTU recovery is 90%

and PSR Is 47%, Relatively low values for PSR are explained by the fact that Pittsburgh No. 8

is a precleaned coal, Results, recalculated on raw coal basis are presented in Table 8-27 and

they are: BTU - 87% and 92%, PSR - 68.4% and 59.1% for 100 and 28 mesh grind respectively.

8-37



8-38



1 1 ,1 o
0 0 0 0 o

8-39



8-40



o
oJ

0
Z

_l. ..... ® - 0

" J / I"c /
o / I

" ]

-- Z

U. _ o -J

0 I::: .- _

I O_ o _ F-

CO q) L. - ©o w
CO

k.ff) cx

//

11_ _ o

° \
+ _

I 1 l I o

8-4]



8-42



8 o= o = o

_+ _ 1_o \

o _=" _

, L_ tO ;_ _,oO
E

LL ,.

r,D c._ oI .-
CO c_ a,

cD
,,_ t--

i,,m,

E a:

o \
&) +.

O :::3 c; .-

O _ gO

0

°o o o o o o d

8-43 -

r





0

0 0 0 0 0

0

_M

I i l J o
0 0 0 0 0 0

0 O0 _O _ C_

8-45



,_",t_°_,L,_,I_LIr,,L_m_

__/I C-,



8-47



" 8 _ o o o

E

EO _ o ,,
i...0 8 " =

_L == {
0 0 _:
eC_. 8

/ ' o

'," _ CL _ ! ' ' ............ °°® =o o _ oI _ C),,, ,.-
c0_Z 3 lt

,- ® _ _ _ o_
,,C: {:C a: c_ =, E

0 " _,_

O# o _,,,

m "" _ E

LUa" " \_I o _.

G.

o d,-

al II.

° II
oo o _ o o o

8-48



oo (3 o

, rr = =
o_

\ m Q.

_o _ _
@ (3 "_

O _

cO _

,i

_ o
• m.. 0 _ 0 0 0

o_

_ ::3 n_

¢_
"©rr" _ _.

m

° _ _ o



8-50

_



8-51



o

o o o

O.

Et
"it, _''J

w

d 1!

o .o I_
o

.mil

O_ _ _ o o o o o61==i

m

rr

_0

o: ._ t
_ c ,.

_ _ ,-,

_._ _

- I

2

° o o _ °

8-52



8-53



8-54



8-55



9.0 HEPTANE TEST PROGRAM

9.1 Summary of Test Plan

The bench scale heptane testingconsistedof four series of experiments:

o Series 1: CommissioningTests

o Series 2: Upper FreeportTest Program

o Series 3: PittsburghNo. 8 Test Program

o Series 4: KentuckyNo. 9 Test Program

The first objectiveof the Series 1 testingwas to develop a continuousheptane bench scale unit

which operates reliably and safely for extended periods of 8 to 10 hours. The test plan required

a range of operating conditions, hence, Series 1 testing was performed over a wide range of %

solids in high-shearand heptane concentration,to ensure reliable operation and minimal heptane

emissions. The second objective of the Series 1 testing was the confirmation of the experimental

method. This included testing for steady state analysis, test repeatability,and mass balance runs.

The Series2 testing program examinedhow three main factors influenced the cleaningefficiency

of Upper Freeport Coal. Heptane concentration, the high-shear mixing time and % solids, and

the water loading to the sieve bend were ali included in this matrix. The heptane concentration

and % solids in high-shear set points were selected based upon the batch scale test results. In

Series 2, a continued quality assurance and control program was implemented to support the

testing.

In Series 3 and 4, tests were performed to 'evaluatehow the same factors influenced the cleaning

efficiency of the Pittsburgh No. 8 and Kentucky No. 9 test coals.
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9.2 Grind Size Distributions

Ali Heptane tests were performed with the coal samples of a minus 200 mesh grind size,

prepared in the IATF rod mill under the same operating conditions (500 kg rod charge and 2.2

kg/hr coal feed rate at 50% slurry concentration). Tables 9-1, 9-2 and 9-3 summarize the size

distributions performed by Laser Granulometry method for each test coal. The tables provide

both the incremental and cumulative mass of material in each size interval. In Table 9-1, the

Upper Freeport coal size distribution is described, indicating a dsoof 16.6 microns,and a top size

of 128 microns. Table 9-2 for the Kentucky No. 9 coal indicates a d5o of 25.9 microns and a

slightly larger top size of 192 microns. Table 9-3 provides for the results from the Pittsburgh No.

8 coal, indicating a d5oof 21.2 microns and a top size of 128 microns. Figures9-1,9-2, and 9-3

arepresented as bar charts of the particle size distributions for the three test coals. The results

indicate a similar size distribution for each of the test coals. To reduce complexity of the slurry

preparation procedure, itwas decided to grind ali three test coals at the same rod mill operating

conditions.

Table 9-1

UPPER FREEPORT GRIND TEST
PARTICLE SIZE DISTRIBUTION BY LASER GRANULOMETRY

Particle Size Particle Size Incr Wt % Curnm Wt % Incr Wt % Cumm Wt %
•'micr°ns) Limits Run No. 1 Run No, 1 Run No. 2 Run No. 2

1.0 < / = 1.0 3.5 3.5 3.6 3.6
1.5 1.0 - 1.5 0.8 4.4 0.9 4.6
2.0 1.5 - 2.0 2.2 6.6 2.4 7,1
3.0 2.0 - 3.0 4.5 11.2 4.8 12.0
4.0 3.0 - 4.0 5.0 16.3 5.1 17,1
6.0 4.0 - 6.0 7.3 23.6 7.0 24.2
8.0 6.0 - 8.0 6.2 29.8 5.9 30,1

12.0 8.0 - 12.0 10.3 40.2 10.0 40.2
16.0 12,0 - 16,0 8.6 48.8 8,6 48,9
24,0 16,0 - 24,0 13,7 62.6 13.9 62.8
32.0 24,0 - 32.0 9.8 72.5 9.7 72,6
48,0 32,0 - 48.0 16.7 89,2 16.8 89.4
64.0 48.0 - 64,0 3.9 93.1 3.7 93.2
96.0 64,0 - 96.0 6.6 99.8 6.6 99,9

128.0 96.0 - 128,0 0.1 100,0 0.0 100.0
192.0 128,0 - 192.0 0,0 100,0 0,0 100,0

Run No. 1 median size = 16.6 microns
Run No, 2 median size. 16.6 microns
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Table 9-2

KENTUCKY NO. 9 GRIND TEST
PARTICLE SIZE DISTRIBUTION BY LASER GRANULOMETRY

Particle Size ParticleSize Incr Wt % Cumm Wt % Incl" Wt % Cumrn Wt %
_.).__ Limits Run No. 1 Run No. 1 Run No, 2 Run No, 2

1.0 < / = 1.0 2.4 2,4 2.5 2.5
1.5 1.0- 1.5 0.6 3.0 0.6 3,1
2.0 1,5 - 2.0 1.9 5,0 1.9 5.1
3.0 2.0 - 3,0 2.9 8.0 2.9 8.1
4.0 3,0 - 4.0 3.5 11.5 3.5 11.6
6.0 4.0 - 6.0 4,4 15.9 4,3 16.0
8.0 6,0 - 8.0 5.1 21.1 5.1 21.2

12.0 8.0 - 12.0 7.6 28.8 7.3 28.8
16.0 12.0 - 16.0 8.0 36.8 7.8 36.6
24.0 16.0 24.0 10.5 47.4 11,1 47.7
32,0 24,0 - 32.0 10,4 57,9 10,1 57,9
48,0 32.0 - 48,0 16.7 74.6 16,7 74.6
64.0 48.0 - 64.0 8.1 82.7 8,4 83,0
96.0 64.0 - 96.0 11.2 93,9 11,0 94,1

128,0 96.0 - 128.0 4.5 98,5 4,4 98.6
192,0 128.0 - 192.0 1.4 100.0 1,3 100,0

Run No, 1 median size = 26.0 microns
Run No. 2 median size = 25.8 microns

Table 9-3

PITTSBURGH NO, 8 GRIND TEST
PARTICLE SIZE DISTRIBU11ON BY LASER GRANULOMETRY

Particle Size Particle Size Incr Wt % Cumin Wt % Incr Wt % Cumin Wt %
_(microns) Limits Run No. 1 Run No. 1 Run No. 2 Run No. 2

1.0 < / = 1.0 2.6 2,6 2.7 2.7
1.5 1.0- 1.5 1.8 5.2 1.8 5.2
3.0 2.0 - 3.0 2.9 8.2 2.9 8.1
4.0 3.0 - 4.0 3.6 11.8 3.6 11.8
6.0 4.0 . 6.0 5.1 16.9 5.0 16.9
8.0 6.0 - 8.0 5.6 22.5 5.5 22.4

12.0 8.0- 12,0 9.2 31.8 9.2 31.6
16.0 12.0 - 16.0 9.2 41.0 9.2 40,9
24.0 16.0 - 24.0 13.6 54.7 13.7 54.6
32.0 24.0 o32.0 12.4 67.1 12.4 67,0
48.0 32.0 - 48.0 18.0 85,2 18 0 85,1
64.0 48.0 - 64.0 7.6 92.9 7.5 92.6
96.0 64.0 . 96.0 6.2 99,1 6.3 98.9

128.0 96.0, 128.0 0.7 99.9 1.0 100.0
192.0 128,0 - 192,0 0.0 100.0 0.0 100.0

Run No. 1 median size = 21.1 microns
Run No. 2 median size = 21.3 microns
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9.3 Commissioning Test

During the commissioning test, serious safety problems and health hazards were revealed.

Initially, the bench scale heptane unit was constructed in a common piloting area. After

continuous operation, operators working in the area began to experience both headaches and

nausea, for period which extended well beyond working hours. Measurements with a portable

detector indicated the apparatus was emitting substantial levels of heptane at the high-shear

mixer, the vibrating sieve bend, and the sample drying oven. As a result, the heptane bench

scalesystem was relocated to an isolated operating cell which was explosion rated. The cellwas

equipped with high rate exhaust fans and combustible detectors. The apparatus was modified

to include explosionproof equipmentand conduit electrical wiring,before a safe operating permit

for the cell was granted. In addition, an explosion rated drying oven was acquired, and the

sample preparation equipment was modified and transferred to an isolated laboratory, also rated

as explosion proof.

9.3.1 Operational Debugging

After extensive modifications and the transfer into the isolated cell, the bench scale heptane

system could be operated reliablyand safely for extended periods of 8 to 10 hours. The unit was

capable of operating under a wide range of conditions, without any problems related directly to

the operation of the unit, or the collection and preparation of the samples for laboratory analysis.

Categorized below are the major modifications which were undertaken during, or as a result of

the commissioning test.

Hiqh-Shear Mixer

Initially, the high-shear mixer system experienced vessel plugging as heptane and combustible

rich solids became compacted around the baffle system, restricting the flow and causing the

high-shear to overflow. Two apparatus modification_ were implemented to correct this problem.

The discharge was re-designed, whereby the outlet was angled slightly into the vessel, against

the direction of agitation. This created a slight pump action which helped slurry flow from the

mixer. Secondly, the high-shear mixing baffles were removed. The mixer was subsequently

tested for an eight hour period to ensure that plugging would not re-occur.
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Separation System

Two separation systems were tested, a vibrating inclined screen and a sieve bend. The inclined

screen was plugged extensively after about 2 to 3 hours of operation. The vibrating sieve was

selected based upon the trapezoidal shaped grid bars, and the bouncing effect the sieve bend

demonstrated on the feed particles. However, initial testing with the sieve bend demonstrated

serious plugging problems, until the vibration source was re-positloned directly onto the sieve

bend. After this modification, the feed solids could be seen to bounce on the sieve bend. Flow

channels were also installed to regulate and promote more control of the product flow. Nozzles

were directed to a region directly past the grid system of the sieve bend, where solids were

required to travel about 50 mm before discharge. Observations indicated that the solids

demonstrated a high tendency to plug in this region, especially at higher heptane concentration

due to the extreme dryness of the product. Hence, the sieve bend discharge distance was

shortened to reduce the chance of plugging. After that, the sieve bend was commissioned for

over 8 hours without any indications of plugging.

Heptane Emission Control

Both the high-shear mixer and the sieve bend were totally sealed units. The high-shear mixer

was equipped with a mechanical seal, and an o-ring sealed top flange to eliminate any emission

of heptane. Once ali sieve bend modifications and positioning were complete, an enclosure

housing was placed over the apparatus and sealed. The unit was subsequently placed under a

small air pressure and tested for leaks. The housing sealed successfully, and this ensured no

heptane would be leaked from this stage during normal operation. Theentirepilotpiantwas

located within an isolated cell to monitor the operation for heptane emission. The cell was

equipped with sensitive combustion detectors, and provided the opportunity for developing the

sample collection and disposal procedure. Samples could be collected and stored with virtually

no emission of heptane.

Sample Preparation Facility

When the heptane testing was underway,numerous sampleswere generated. Hence, an isolated

and explosion rated sample preparation facility was required. An isolated laboratory equipped

with explosion rattedlighting and switches, and a high rate exhaust fan system were used to serve

as the sample preparation facility. An explosion proof oven, equipped with a post condensation
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system and large activated carbon filter system were installed to strip the heptane from the oven

air exhaust.

9.3.2 Performance Observations

A commissioning test was performedto define steady state conditions, repeatabilitywithin tests,

and the testing interval time requirement. Table 9-4 summarizes the target conditions for the

commissioning test, during which three parameters were investigated: heptaneconcentration (%

db), high-shear % solids and retention time (min.). Table 9-5 summarizes both the actual test

conditions and results. The summary of the test conditions includes: the testing interval

(minutes), the heptane concentration (% db), the high-shear % solids and the feed conditions

(solids feed rate, and ash and total sulphur contents, % db). The comparison of the target and

actual test conditions indicated good agreement, as the set points were only slightly different.

The explanation of the difference relates to the feed rate used during testing. The target

conditions for solids feed rate were 2.5 kg/hr, however, at this rate some line plugging was

observed. To alleviate this problem, the slurry feed rate was increased slightly (approximately

10 %), hence, the heptaneand high-shear water additions required further adjustmentsduring the

run. Some initial difficulty was experienced in performing these adjustments with a high level of

accuracy, hence, additional calibrationswere performed and new plots generated for the heptane

and water additions. The _rind size of the Upper Freeport coal was reported to be 26.6 microns

which compares well to the target of 25 rnicrons.

Table 9--4

TARGET TEST CONDITIONS FOR HEPTANE COMMISSIONING TEST

Coal: Upper Freeport
Size distribution: 200 mesh x 0, dso = 25 + 5 um

(rod mill)
Solids feed rate: 2.5 kg/hr
Heptane concentrations: 10% to 30% (on dry coal basis)
High-shear solids %: c%, 15%
High-shear impeller rpm: 2000
Heptane agglomerate separation: Vibrating sieve bend

(125 um opening)
Water, spray on sieve bend: On and off
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Table 9-5

SUMMARY OF HEPTANE COMMISSIONING TEST CONDITIONS

Hydraulic
Yield % Solids Retention Feed Feed Feed

Run Period Heptane in Time Rate Ash T S
No._.._, min % H._h-Shear mln _ % d._...._b % d__.._b

16-1a 10 8.42 6,14 1,30 46,2 15.80 1,98
16-1b 10 8,42 6.14 1.30 46.2 15.60 1,gE]
16-1c 10 8,42 6.14 1.30 46.2 15,80 1,98
16-2a 10 13.49 14.50 3.14 46.2 15.80 1,98
16.2b 10 13.49 14.50 3,14 46,2 15.80 1.98

17-1a 5 28.51 6.06 1.31 45,6 15.80 1,gE]
17-1b 5 28.51 6,06 1.31 45.6 15,80 1.98
17-1c 5 28.51 6.06 1,31 45.6 15,80 1.98
17-1d 5 28,51 6.06 1.31 45.6 15,80 1.98
17-1e 5 28.51 6.06 1.31 45.6 15.80 1,98

18-1a 10 28.51 6.06 1.31 45.6 15.80 1.98
18-1b 10 28.51 6,06 1,31 45.6 15.80 1,98
18-1c 10 28,51 6.06 1,31 45,6 15.80 1.96
18-1d 10 28.51 6,06 1,31 45,6 15.80 1.98

19-1a 10 28.51 14.85 3.21 45,6 15,80 1,98
19-1b 10 28.51 14.85 3.21 45,6 15,80 1,9_
19-1c '10 28.51 14,85 3,21 45,6 15.80 1,98
19-1d 10 28.51 14,85 3,21 45.6 15,80 1,98

SUMMARY OF HEPTANE COMMISSIONING TEST RESULTS

Product Product Product Comb. Ash T S P S

Run Recovery Ash T S Recovery Reject Reject Reject
No.__.._ _ % db % db % % % "lo

16-1a 31.87 7.80 1.33 75,37 66,02 53.76 6,4,_ "
16-1b 33,45 7,90 1,30 79.04 64,37 52,61 ' 64,44
16-1c 28,53 7,90 1,32 67.37' 69.20 58,94 68.78
16-2a 35.21 8,60 1,47 82,58 58.59 43,52 53,28
16.2b 39,31 9.00 1.52 91,73 51,65 34,85 44,78

17-1a 37.80 9,60 1,74 88.38 49,42 26,84 32,91
17-1b 41.55 9.50 1.65 97,95 45.20 24.06 32.28
17-1c 39,74 9,40 1.64 93,89 48.09 27.73 35.81
17-1d 38.30 9.50 1.64 90.27 49,50 30,43 38,18
17-1e 38,27 9.50 1.60 90.27 49,50 32,13 40,51

18-1a 35,11 9.50 1.69 82.77 53.70 34,27 40,67
18-1b 35,13 9,40 1.66 82,90 54.17 35,41 42.28
18-1c 38.11 9.70 1.68 89,59 48,71 29,12 36.10
18-1d 38.76 9,50 1.68 91.35 48,90 27,88 35,08

19-1a 41,91 10.20 1,51 98,07"" 40.67 29.87 40,32
19-1b 41.91 10.20 1,68 98.03 40,01 21.92 29,38
19-1c 41,14 10.30 1.75 96,05 40.59 20.23 26.31
19-1d 41,16 10.40 1,75 96.05 40,59 20,23 26,31

"Spray added to sieve bend after yield period R1-3
"'Dilution water added to sieve bend after yield period R4_1

Average Ash T S P S O S S S
Feed Assay % db % db % d_...._b % d___b % db

15,80 1.98 1.44 0.54 0.00
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Table 9-5 also summarizes the results from these tests: product solids recovery (g/rnin.),product

ash content (% db), product total sulfur content (% db), combustible matter recover in % (CMR),

ash rejection in % (AR), total sulfur rejection in % (TSR) and pyritic sulfur rejection in % (PSR).

Figures9-4 and 9-5 summarize the results reported In Table 9-5. Figure9-4 is a plot of CMR and

PSR versus heptane concentrationand % solids in the high-shear mixer, and Figure 9-5 contains

the CMR and AR versus heptane concentration and % solids. For test conditions where repeat

yield periods were available, the average value was plotted in Figures 9-4 and 9-5 (p.p. 9-27 and

9-28).

The performance trends from Figures 9-4 and 9-5 indicate that as the heptane concentration

increases, the CMR increases, and conversely, the PSR and AR both decrease. Furthermore,

as the % solids in the high-shear increases, the CMR also increases, however, the selectivity of

the process is reduced, as the_PSR and AR levels are lower. These trends are the expected

responses of the system, which indicatesthe apparatus and method are both performing reliably.

9.3.3 Test Repeatability

Table 9-5 contains results whlch help to establish the experimental method. Product samples

were extracted in duplicate or triplicate to confirm steady state and repeatability. Four sets of test

conditions were used: Tests 16, 17, 18 and 19.

Test intervals 16-1a, l b, and lc indicate very good repeatability for product ash and total sulfur

content (% db), while slightly larger variations were observed for the product recovery (g/min).

: The addition of spray water onto the sieve bend appears to influence product recovery, as a

small addition during interval 16-1c lowered the recovery. Test intervals 16-2a and 2b

demonstrate a lower repeatability, likely because of the addition of spray water directly onto the

sieve bend grid system. These nozzles were eventually re-positioned, and reduced in voi_,_,:,,

; to target the immediate discharge from the sieve bend grid system where plugging at higher

heptane concef_trationswas observed.

Test intervals 17-1a,1b,1c,1d and le and test intervals 18-1a,1b,1c and ld indicate that the

apparatus is demonstrating very good repeatability, and steady conditions, as the ash and total
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sulfur content.s(% dh) are very consistent, and the product flow rates are within reasonable

range. Furtl_ermore, a testing interval of 5 minutes appears to be sufficient to ensure a

representativ_,_product mass flow. Nevertheless,a conservative approach of a 10 minute testing

interv_lLIwas Selectedto maintain consistency within the diesel operation.

Test intervals 19-1a,1b and lc indicated very good repeatability for product mass flow, ash and

total sulfur contents,however, interval 19-1a demonstrated a large variation in total sulfur content.

The longest retention time of the heptane bench scale test facility is about 3.25 minutes for the

high-Shear mixer and, based upon observations, is less than 20 seconds for the sieve bend,

therell'orea total unit retention time is about3.58 minutes. Assuming that 6 retention volumes are

requi_'edfor _!_teadystate conditions to be obtained, the operation should be steady after about

21 minutes. Based upon this standard engineering practice, and the commissioning test, a 30

minute stabilization period was selected for the heptane test program.

A continued quality assurance and control program was undertaken during Series 2. Duplicate

product samples were extracted for each test window and prepared simultaneously. These

results are summarized in Tables 9-6 and 9-7. Table 9-6 contains a summary of ali repeat test

intervals performed duringSeries 2 testing with Upper Freeport coal. The table describes the test

interval, the main factors investigated (heptane concentration %, high-shear solids concentration

%), and the main responses of the systems (product recovery in g/min, product total sulfur

content % dh, and product ash content % db). Thr_ results show very high level of test

repeatability. Table 9-7 was prepared to evaluate the test repeatability, and contains four

indicators. For each main response, the average variation and percent relative error of the

variation was calculated. In addition, the range of these two indicators was provided. The

results indicated that for ali three responses (product recovery, ash and total sulfur content) the

average relative error was less than 2%. Product recovery demonstrated the highest range of

relative error, from 0 to 7.5%, while the ash and total sulfur contents were similar, with the

relative error ranging from 0 to 4.9% and 0 to 4.4%, respectively.
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Table 9-6

TEST REPEATABILITY

Heptane High-Shear Product Product Product
Test Cor_entratlon Concentration R,acovery T S Ash

Interval % db % Solids q/_ % db % db

35.1 a 12,2 12 47.88 1,O0 "7,6
35.1 b 12,2 12 N/A 1.02 8,3

35-2a 23,6 12 64,93 1,20 9.3
35-2b 23.6 12 64.17 1,16 9,3

36.1 a 11.8 5 36,66 0.96 7,7
36.1 b 11,8 5 36,37 0,96 7,8

36-2a 19.3 6 31.74 0.82 7,4
36.2b 19.3 6 33.12 0.86 8,1

35-3a 9,5 11 46.62 1,32 8,8
36-3b 9.5 11 43,42 1.29 8.6

36-5a 9,2 16 55.69 1.55 10.6
36-5b 9.2 16 47.94 1.57 10.2

36-6a 13.0 14 41,56 1,32 9,4
38-6b 13,0 14 43.30 1.44 9,3

36-7a 27.3 5 49.66 1.25 8,0
36-7b 27.3 5 48.77 1,22 7.8

36-8a 26,7 10 N/A 1.22 7,8
36..8b 26,7 10 49.12 1.33 8.6

36.9a 9.6 10 35.77 1.13 8.0
36.9b 9,6 10 37.13 1.16 7.9

36.10a 18,9 10 38.36 1,15 7,7
36-1Ob 18.9 10 41.55 1,17 7,7

36.11 a 27.8 10 39.89 1.09 7,5
36-1 lb 27,8 10 41.27 1.02 7.3

36-12a 9,3 9 37.35 1,08 7.0
36-12b 9,3 9 37.29 1,14 7,1

36-13a 18.7 9 N/A 1.29 8.2
36-13b 18,7 _ 49,67 1.33 8,7

36-14a Y.2 14 40.78 1,21 7.7
36.14b 9,2 14 40,99 1.21 7,8

36-15a 18,7 14 48.00 1.41 8,8
36-15b 18,7 14 48,00 1,42 8,7
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Table 9-7

STATISTICAL INDICATORS OF REPEATABILITY

Average Average Range of Range of
Vadatlo_._...__n Relative Error Variation Relative Error

Product Solids Flow g/rain 0.88 1,98 0.03 - 3,88 0.7,49

Ash Content % db 0.13 1,72 0 - 0,4 0 - 4,88

Total Sulfur Content % db 0.02 ,148 0 - 0,06 0 - 4.35

Definitions;

(Mean of Two Repeat Test) . Low or High Value
Average Variation =

Total Number of Repeat Test Intervals

Variation

Average Relative Error =
Mean of Two Repeat Test Interval

9.3.4 Mass Balance Test Intervals

Table 9-8 contains the results from the mass balance experiments. Discrepancies associated

with mass balance test intervals are not simple to diagnose, however, they are most often

caused by: inaccurate solids feed rate measurements, velocity changes in the feed sample

system, losses during sample handlingand preparation,and laboratoryanalysis for moisture, ash,

and total sulfur.
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Table 9-8

DETAILED MASS BALANCES

High High Sieve Sieve Sieve % Reoovery
Feed Shear Shear Bend Bend Bend of

'rest Slurry Input Output input Product Tailings Mass
Interval Coal Component _ ..(,qL, _LgJ_ (g) _..LgJ_ _ - (%)

34-6 Pittsburgh Water 178.9 337.6 516.5 589 215.7 926.7 103.3
Solids 57.8 0 57.8 0 43.7 13.4 99,0
Combustibles 51.9 0 51.9 0 41.0 9.3 97.0
Ash 5.9 0 , 5.9 0 2,7 3.2 99.5

Total Sulphur 2.2 0 2.2 0 1.3 0.7 93.2

37-6 KentucKy Water 191.0 344 53.5 503 151.0 896.3 100,9
Solids 53.4 0 53,4 0 27.7 20.5 94.0
Combustibles 43.8 0 43.8 0 25.9 13,7 92.3
Ash 9.6 0 g.6 0 1.8 6.8 91.4

Total Sulphur 2.1 0 2,1 0 0.7 1.1 86.9

37-9 Kentucky Water' 202.6 845 1047.6 0 149.9 848.0 95.3
Solids 56.6 0 56.6 0 29.6 28.3 102.3
Combustibles 46.4 0 46.4 0 27.6 23.1 109.3
Ash 10.2 0 10.2 0 2.0 7.7 95.6

Total Sulphur 2.3 0 2.3 0 0.8 1.3 91.6

34-4 Pittsburgh Heptane in High-Shear 20% db
Heptane in Tailings 0,54% db
TMR = about 80%

Duplicate Pittsburgh Heptane in High-Shear 17% db
Test Heptane inTailings 1.59% db

Duplicate Tailings Sample 1.13% db

Three test intervals were performed for mass balance analysis. Test 34-6 was performed on

Pittsburgh No. 8 coal and the results indicate excellent recovery of water (i.e. 103%), total solids

(i.e. 99%), combustible solids (i.e. 97%) and ash solids (i.e. 99.5%). However, some discrepancy

is indicated for the total sulfur mass balance (i.e. 93.2%). Possible explanations are errors in the

feed or product assay determinations, although the most prol_able explanation is the feed a_say.

Tests 37-6 and 37-9 were performed on Kentucky No. 9 coal, and the results were not as

promising as the previous mass balance. The results from test interval 37-6 show that 94% of

the feed stream is recovered. The combustible solids balance is 92.3%, the ash balance is
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91.4% and the total sulfur balance is on the lower side (86.9% recovery). There are likely two

causes for these discrepancies. With resPect to the total, combustible and ash solids, some

solids may have been lost during sample handling,or the feed conditions were not as well defined

du_ing this test Interval (i.e. solids flow rate and % solids), in was noted that during this test

interval the feed rate was slightly lower than than that observed during other test intervaJs. The

total sulfur balance demonstrated a higher discrepancy, which might be related to the above

noted losses and errors in laboratory analysis.

Test interval 9 indicates that the total solids balance is reasonable (i.e. 102%), being only 2% out

of balance which can be accounted for by errors in moisture determination, sample handling, or

feed rate measurements. However, the combustiblesolids balance is too high to be considered

as reasonable (i.e. 109%), and the most likely explanation is an error in the ash determinations,

as tt_etotal ash balance demonstrates the opposite trend recovering only 95.65 of the stream.

The total sulfur balance recovers only 91.6%, indicatinga systematic discrepancy which may exist

in the apparatus or experimental method with respect to the total sulfur balance.

The explanation for the mass balance discrepancy is too complicated to be conclusively defined,

based on limited data. However, it appears to be a systematic problem with the apparatus or

method as in each test interval the total sulfur balance is low. Mass balance should be improved

as the operating experience of this continuous heptane processing unit is further accumulated.

9.3.5 Heptane Content in Tailings Solids

Table 9-8 contains the summary of the heptane extraction analysis performed on the tailings

sclids from selected test intervals. During test interval 34-4, performed with Pittsburgh No. 8

coal, a tailings sample was collected, dried and delivered for laboratory analysis for heptane

content. The results indicated that for a high-shear heptane concentration of about 20%, and a

corresponding CMR of aboul 80%, thu tailings stream showed 0.54% heptane concentration.

Subsequent to this test interval, an additional test was performed on Pittsburgh coal to further

confirm this trend. The results indicated ttlat at a high-shear heptane concentration of 17% db,

the tailings sample contained about 1.13 to 1.59% heptane.
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9.4 Heptane Continuous Testlnq

Series 2, 3, and 4 testing were performed on the bench scale continuous heptane system, one

matrix for each test coal. Series 2 was performed on Upper Freeport coal, Series 3 on Kentucky

No. 9, and Series 4 on Pittsburgh No. 8. The bench scale system operated effectively, however,

due to the limited testing performed on each coal, the re._ults could not be considered as

optimum. Further experiments on the bench scale unit would be required to optimize both the

design and the process parameters.

9.4.1 Test Matrix

Tables 9-9, 9-10, and 9-11 summarize the test matrix for the Series 2, 3, and 4 testing. These

matrix were designed to investigate three process parameters:

o Heptane concentration in the high-shear mixer

o % solids and retention time in the high-shear mixer

o Sieve bend water loading g/cm2/min
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Table 9-9

TEST PLAN FOR UPPER FREEPORT

% Solids Retention Sieve Bend Sieve Bend

Test Heptane in in High-Shear Water Load Solids Load
Interval % High.Shear mtn g/cm2min .q/cre2 min

1 10 5 0.9 3,14 ,16
2 20 5 0.9 3.14 .16
3 10 10 1.8 1.57 ,16
4 20 10 1.8 1.57 .16
5 10 15 2.5 1.05 .16
6 20 15 2.6 1.05 ,16

7 30 5 0.9 3.14 .16
8 30 10 1.8 1.57 .16

9 10 10 1.8 1.57 .16
10 20 10 1.8 3,14 .16
11 30 10 1.8 3.14 .16

12 10 10 1.8 3.14 .16
13 20 10 1.9 3.14 .16
14 10 15 2.6 3.14 .16
15 20 15 2.6 3.14 .16

Table 9-10

TEST PLAN FOR KENTUCKY NO. 9

Solids Sieve Bend Conditions

Feed .,H,!gh-ShearConditions Retention Solids Water
"]est Rate Heptane Time Loading Loading

Interval _ % db % Solids min g/cm =min _q/cm2 min

1 52.8 10 5 0.90 0.16 3.30
2 52,8 10 10 1.77 0.16 3.30
3 52.8 10 15 2.57 0.16 3,30
4 52.8 20 5 0.90 0,16 3.30
5 52.8 20 10 1.77 0.16 3.30

6 52,8 10 10 1.77 0.16 1.57
7 52.8 10 10 1.77 0,16 2.36
8 52.8 20 10 1.77 0,16 1,57
9 52.8 20 10 1,77 0.16 2.36
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Table 9-11
, ,

TEST PLAN FOR PITTSBURGH NO. 9

Solids Sieve Bend Conditions
Feed High-Shear Conditions Retention Soilds Water

Test Rate Heptane Time Loading Loading

Interval _ % db % Solids mln g/cm2 min g._crn=rain

1 52.8 10 5 0.90 0,16 3.30
2 52,8 10 10 1,77 0,16 3.30
3 52.8 20 15 2.57 0,16 3,30
4 52.8 20 10 0,90 0,16 3,30
5 52.8 20 10 1.77 0,16 1,57

6 52.8 10 15 1.77 0,16 3,30

Series 2 testingwiththe UpperFreeportcoal consistedof 15 test intervals, Series3 involved9

intervalsas the range of heptane concentrationinvestigatedwas narrowed,and the scope of

sievebendwater loadinginvestigationswas reduced. Six test intervalswere performedin Series

4 where heptaneconcentrationand % solidsin the high-shearwere investigated.

The solids feed ratewas to be held constant during the matrix, and hence, the sievebend solids

loading rate was constant at 0.16 g/cm2/min. Tables 9o12,9-13, and 9-14 summarize the set

points used during the three matrix of tests. A comparison indicated that the target set points

obtained were reasonably accurate; however, some discrepancies were observedin the heptane

concentration. The cause for this discrepancy was related to the final % solids of the feed stream

which was not usually available until the day following the test matrix.

Table 9-12

TEST CONDrI'IONS FOR UPPER FREEPORT

Solids Feed Heptane Solids in Retention Time Sieve Bend

Test Rate Concentration High.Shear in High-Shear Water Loading
Interval g/min % % min g/cm2 min

35-1 73.9 12.2 11.8 1,59 1,87
35-2 73.8 23,6 13,0 1,59 1,87
36-1 53.4 11.8 5.3 0,98 2,93
36-2 52.3 19.3 5,4 1,03 2,93
36-3 56.1 9,5 10,9 1.95 1,61
36-4 56.1 18,2 10,9 1.93 1,61
36-5 56.2 9,2 16.3 2,90 1.02
36-6 56.2 13,0 13,9 2.48 1,25
36-7 56.2 27.3 5,3 0,94 2,99
36-8 57.0 26,7 9,7 1,70 1.59
36-9 56.6 9,6 9.6 1,69 1,07
36-10 56.2 18,9 9.7 1,72 1.59
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Table 9-12 (Continued)

TEST CONDITIONS FOR UPPER FREEPORT

Solids Feed Heptane Solids in Retention Time Sieve Bend
"rest Rate Conoentration High-Shear In High-Shear Water Loading

Interval g/mln % % rntn gicm 2 mln

36-11 56.2 27.8 9,7 1_73 3,19
36-12 56.2 9,3 9,5 1.69 3.21
36-13 56,2 18,7 9,4 1,67 3.21
36-14 56.2 9,2 13.9 2,47 3,03
36"15 56.2 18.7 13.9 2.48 3.03

Table 9-13

TEST CONDITIONS FOR KENTUCKY NO. 9

Solids Feed Heptane Solids in Retention Time Sieve Bend
Test Rate Concentration High-Shear In High-Shear Water Loading

Interval gh'ntn % % mln _q/om_ rain

37-1 58,6 8.6 5,4 0.91 3,07
37-2 567,4 9,3 9,6 1,67 2,C3
37-3 58.2 17.8 14.2 2,45 3.11
37-4 57.8 9.3 9.6 1.66 2,46
37-5 58,0 18,7 9.6 1.65 2,46
37-6 53,4 20,2 9,1 1.70 3,09
37-7 56,9 19.0 9,3 1,64 1.64
37-8 57,0 9,6 9,4 1.64 1.63
37-9 56.6 18.6 5,1 0,91 3.12

Table 9-14

TEST CONDITIONS FOR PITTSBURGH NO. 8

Solids Feed Heptane Solids in Retention Time Sieve Bend

Test Rate Concentration High-Shear in High-Shear Water Loading
Interval g/rnln % % mln g/cre_ mln

34-1 55,8 9.2 5.4 0,97 2.89
34-2 57,0 9,1 9,5 1,67 3.17
34-3 57,1 18,3 5.1 0,90 4.70
34-4 57.6 17,9 9.4 1.64 3.40
34-5 57.6 17,9 9,4 1.64 1.64
34-6 57.7 8,7 13.9 2,40 3.20

9.4.2 Results from Continuous Heptane Testing

Tables 9-'15, 9-16, 9-17 summarize the results from Series 2, 3, and 4 testing for ali three test

coals. The tables summarize the test intervals, solids feed rate, and contains ali major process

variables including:
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o Heptane concentration in the high-shear mixer

o % solids and retention time in the high-shear mixer

o Steve bend water loading g/cm2/mtn

The tables noted above also summarize ali major process responses including the following:

o Product solids mass flow rate (g/min)

o Product % solids

o Product ash content % db

o Product total sulfur content % db

o Solids yield %

o Combustible matter recovery % (CMR)

o Ash rejection % db (AR)

o Total sulfur rejection % db (TSR)

o Pyrite sulfur rejection% db (PSR)

Figures 9-6, 9-8 and 9-10 are the pyritic sulfur performance plots for each of the test coals. In

these plots, the CMR is plotted against the PSR to provide an evaluatlon of the pyrite cleaning

potential for each test coal. The results for each test coal are plotted as well as the pyritic sulfur

' 200 mesh washability data to provide a comparison to the theoreilcal cleaning potential of each

coal.

Figures 9-7, 9-9 and 9-11 are the ash content performance plots for each of the test coals.lh

these plots, the CMR is plotted against the AR to provide an evaluation of the ash cleaning

potential for each test coal. The results for each test coal are plotted as well as the ash 200

mesh washability data to provide a comparison to the theoretical cleaning potential of each coal.
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Figures 9-12 to 9-38 were developed to support the discussion on the effect of three main factors:

the heptane concentration in the high-shear mixer, the % solids in the high-shear mixer, and the

sieve bend water loading rate for ali three test coals. Figures 9-12 to 9-14 contain results for the

Upper Freeport coal, and were developed to analyze the effect % heptane concentration in high-

shear on CMR, PSR, and AR. Each of these responses, CMR, PSR, and AR, were plotted

separately against the % heptane concentration In high-shear for ali test intervals. Test Intervals

which were performed at similar set point conditions for the two main factors, (eg. % solids in

high-shear and water loading on the sieve bend),were connected to observe the effect of varying

heptane concentration, Figures 9-15 to 9-17 were constructed to demonstrate the effect of %

solids tn the high-shear mixer. Each of the responses, CMR, PSR, and AR, were plotted

separately against the % solids tn the high-shear mixer; and test intervals performed at similar

heptane concentration and sieve bend water loading were connected to demonstrate

independently the effect of % solids in high-shear. Figures 9-18 to 9-20 were constructed to

observe the effect of sieve bend water loading rate. The CMR, PSR and AR were plotted

separately against sieve bend water loading rate. Test intervals containing siJnllarconditions for

heptane concentration and % solids were connected to try to determine the effect of water

loading. Figures 9-21 to 9-38 contain the same plots for the Kentucky No. 8 and Pittsburgh

No. 9 coals.

9.4.3 Discussion of Heptane Continuous Testing

The discussion ftrst evaluates the cleaning efficiency comparing the heptane continuous testing

data with the washability data for each of the test coals. Secondly, the discussion considers each

of the main factors investigated to study their effect on process performance.

9.4.3.1 Process Performance vs Washability Data

Figure 9-6 summarizes the pyrite rejectionprocess performance data for the Upper Freeport coal.

The results indicate that the potential cleaning efficiency of the Heptane Continuous system falls

below the theoretical 200 mesh washability PSRcurve. The heptane process performancecurve

indicates that the potential PSR for the Upper Freeport coal is in the range of 70 to 80%, for a
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CMR range of 90 to 80%. The 200 mesh washability curve Indicates a PSR rejection range oi

92 to 94% for the above CMR range,

Figure 9-7 summarizes the ash rejection process performancedata for the Upper Freeport coal,

The proqess performance curve indicates that the potential AR for the Upper Freeport coal Is tn

the range of 55 to 60% for a CMR range of 90 to 80%, The performance of the Heptane system

also falls below the 200 mesh washability curve for AR, as the 200 mesh washability curve

indicates an AR range of 69 to 80% for a corresponding CMR range of 90 to 80%.

Figure 9-8 indicates that for the Kentucky No, 9 coal a PSR range of 55 to 70% can be achieved

while maintaining CMR in the 90 to 80% range, The cleaning performance of the heptane

system also falls below the 200 meshWashability PSRcurve, as the 200 mesh washability curve

indicates a PSR rejection range of 92 to 96% for a corresponding CMR range of 90 to 80%,

Figure 9-9 indicates that an AR range of 60 to 72% can be achieved while maintaining CMR In

the 90 to 80% range. The cleaning efficiency also falls below the 200 mesh washability curve

for AR, as the 2('0 mesh washability curve indicates an AR rejection range of 79 to 88% for a

corresponding CMR range of 90 to 80%,

The results for the PittsburghNo. 8 coal indicate that a PSR range of 50 to 60% can be achieved

while maintaining a CMR rangeof 85 to 80% (see Figure 9-10). The 200 mesh washability curve

indicates a PSR rejection range of 89 to 92% for a corresponding CMR range of 90 to 80%.

The results summarized on Figure 9-11 indicate that AR range of 50 to 60% can be achieved

while maintaining a CMR range of 85 to 80%, The process performance curve indicated by the

data falls below the 200 mesh washability curve for AR, as the 200 mesh washability curve

indicates an AR range of 66 to 75% for a corresponding CMR range of 90 to 80%.

9.4,3.2 Main Factor Effects

Three main factors were investigated for each test coal:
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o Heptane concentration in the high-shear mixer

o % solids concentration In the high-shear mixer

o sieve bend water loading rate

Heptane Concentration

Figures 9-12 to 9-14 contain the results demonstrating the effect of heptane concentration for the

Upper Freeport coal, The results In Figure 9-12 Indicate that CMR increases as the heptane

concentration Increases. This seems reasonable as the higher heptane concentration wlll result

tnmore complete agglomeration of the combustible material, and the formation of stronger and

larger mlcroagglomerates, Flgures 9-13 and 9-14 both Indicate the PSR and AR are somewhat

reduced with higher heptane additions, although the AR does not appear to be as sensitlve to

heptane concentration as does the PSR. These results conflrn_the expected trend that with an

Increase of heptane c0ncentratton, the relative selectivity of the process is reduced, The results

also suggest that the heptane concentration In the high-shear stage is the most sensitive of the

parameters Investigated to overall process performance. "['he most effective range of heptane

concentrations for the Upper Freeport coal appears to be 10 to 20%. Figures 9-21 to 9-23 for the

Kentucky No. 9 test coal, and Figures 9-30 to 9-32 for the Pittsburgh No, 8 coal also seem to

confirm the same trends,, Although, lt must be noted that the data for these two coals is not as

extensive as for the Upper Freeport coal, hence, interpretations are not as conclusive.

% Solids in the Hlqh-Shear Mixer

Figures 9-15 to 9-17 contain the results used to study the effect of % solids and ,etention time

in the high-shear mixer. When the % solids in the high-shear mixer is varied, the retention time

also varies. As the % solids is reduced, so does the retention time, hence, a similar effect on the

process response is expected from the variation in retention time as variations In % solids,

Therefore, the effects of both these values were evaluated simultaneously via the plots of CMR,

PSR and AR vs. % solids In high-shear. For a high-shear solids concentration of 5%, the

retention time is about 1 minute, and for 15% solids, the retention time is about 2.5 minutes, The

results in Figure 9-15 indicate that CMR increases as the % solids and retention time in the high-

shear mixer are increased. As the kinetics of agglomeration is known to be the fastest at higher

% solids In the high-shear mixer, and at longer retention times, the probability of higher CMR
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seems to be tn order. Tile selactlvlty of the process is reduced at higher % solids and retention

times as lt ts Indicated In Flgures 9-16 and 9-17 for PSR and AR plots. The Increase In % solids

and retention time Is expected to reduce the selectivity of the process because the chance of

pyrtte and ash entrapment, or surface modification, Is Increased by the higher particle collisions

and htgher mixing time. The results suggest that the best ._electlvltyoccurs tn tlJe 5% to 10%

solids range. However, because an increase In % solids simultaneously Increases the retention

time In the high-shear mixer, iLIs premature to conclude on the optimal high-shear destgn, lt may

be stated, however, that the best high-shear conditions for the heptane continuous unlt appear

to be In the range of 5 to 10% solids, with a corresponding retention time of '1to 2 minutes for

the slngle reactor. The power uptake of the high-shear mixer was very low, measured to be

about 1 to 2 Watts/llter. Figures 9-24 to 9-26 for the Kentucky No. 9 test coal, and Figures 9-33

to 9-35 for the Pittsburgh coal also seem to confirm the same trends. Although, lt must be noted

the data for these two coals is not as extensive as for the Upper Freeport coal, hence,

interpretations are not as conclusive,

Sieve Bend Water Loadlnq

A conclusive effect of sieve bend water loading cannot be made based upon the continuous

heptane data. The results from the Upper Freeport test matrix (see Figures 9-18 to 9-20) seems

to suggest that CMR may be reduced at high loading rates. However, other data within the Upper

Freeport test matrix suggests the opposite trend, where an increase in the loading rate results

In higher CMR values. The effect of loading rate may depend on two factors influencing the sieve

bend performance, the washing effect at higher loading rates, and an Increase in retention time

on the sieve bend at lower loading rates. At lower loading rates, it is observed that the heptane

microagglomerate retention time on the sieve bend is increased. The increasedtime may permit

weaker agglomerates to disintegrate during an extended period and subsequently pass through

the mesh. At higher loading rates, the increased velocity and impact onto the sieve bend may

cause weaker microagglomerates to pass to the tailings stream. Furthermore, the optimum

loading rate maybe furt,ler complicated by other operati,,g parameters, such as the concentration

of heptane or % solids in the high-shear mixer, as these parameters may influence

microagglomerate size and strength.
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The results from the Kentucky No, 9 coal seems to support that a local optimum exists for sieve

bend loading (see Figures 9-27 to 9-29). These plots Indicate that at low sieve bend loading

rates, the CMR is decreased and correspondingly the PSR and AR are Increased. At higher

loading rates the CMR increases and the pSR and AR are correspondingly reduced. However,

when further Increases In the loading rate are Implemented, the reverse trend Isobserved. The

same trends are not observed for the Pittsburgh No. 8 coal, hence no conclusive arguments can

be formulated (see Figures 9-36 to 9-38).

In conclusion, the data appears to be insufficient to offer conclusive Interpretation on the effect

of sieve bend loading on the overall process efficiency° However, the results Indicate that lt

appears to be a process factor whlch Influences the process performance.

9.5 Conclusions

o The potentialcleaning efficiencies summarized below can be expected from the
existing Continuous Heptane Agglomeration Unit. These results are based upon
the graphical Interpolation of the performance curves, plotted for each of the test
coals (see Figures 9-6 to 9-11).

Test Coal CMR Ranqe PSR Ranqe_ AR Ranqe

Upper Freeport 90 to 80 70 to 80 55 to 60
Kentucky No. 9 90 to 80 55 to 70 60 to 72
Pittsburgh No. 8 85 to 90 50 to 60 50 to 60

o The effect of heptane concentration in high-shear appears to be the most
sensitive parameter for overall process performance. An increase In heptane
concentration increases CMR, and decreases PSR. The heptane concentration
range which appears to demonstrate the best combination of potential process
selectivity (i.e. PSR and CMR) falls in the range of 10 to 20% heptane,

o An increase in % solids, which simultaneously increases the retention time in the
high-shear mixer, improves CMR; however, the process PSR appears to be
reduced. The selection of the optimum high-shear conditions is premature,
although the data suggest higher PSR at 5% solids. Further optimization of both
the design and process variables, may improve the performance at higher solids
concentrations, hence, the best conditions may be stated as the range of 5% to
10% solids in high-shear, with a corresponding retention time of 1 to 2 minutes.
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o A conclusive effect of sieve bend water loading cannot be made based upon the
continuous heptanedata, However, the sieve bend water loading rate does appear
to Influence the process performance, and a local optimum may exist.

o The performance of the heptane continuous system indicates that the apparatus
is reliable and can be safely operated for extended periods of 8 to 10 hours. The
design of the sample collection and preparation system ensures minimal exposure
of heptane to operators. /.
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Figure 9-6 % Combustible Matter Recovery vs Pyritic Sulphur
Rejection for Upper Freeport Coal
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Figure 9-7 % Combustible Matter Recovery vs % Ash
Rejection for Upper Freeport Coal
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Figure 9-8 % Combustible Matter Recovery vs Pyritic Sulphur
Rejection for West Kentucky No. 9
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Figure 9-9 % Combustible Matter Recovery vs % Ash Rejection
for West Kentucky No. 9 Coal
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Figure 9-10 % Combustible Matter Recovery vs Pyritic Sulfur
Rejection for Pittsburgh No. 8 Coal
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Figure 9-11 % Combustible Matter Recovery vs Pyritic Sulphur
Rejection for Pittsburgh No. 8 Coal
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Figure 9-12 % Combustible Matter Recovery vs % Heptane
Concentration in the High Shear Mixer for
Upper Freeport,Coal
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Figure 9-13 % Pyritic Sulphur Rejection vs % Heptane
Concentration in the High Shear Mixer for
Upper Freeport Coal
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Figure 9-14 % Ash Rejection vs % Heptane Concentration
in the High Shear Mixer for Upper Freeport Coal
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Figure 9-15 % Combustible Matter Recovery vs % Solids in
tile High Shear Mixer for Upper Freeport Coal
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Figure 9-16 % Pyritic Sulphur Rejection vs % Solids in the
High Shear Mixer for Upper Freeport Coal
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Figure 9-17 Ash Rejection vs % Solids in the High Shear
Mixer for Upper Freeport Coal
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Figure 9-18 Combustible Matter Recovery vs Sieve Bend Water
Loading Rate for Upper Freeport Coal
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Figure 9-19 % Pyritic Sulphur Rejection vs Sieve Bend Water
Loading Rate for Upper Freeport Coal

100--
r

A
m.a

90 0
:w

= 0 0
80

_ 6O

._ 50-

-_?. 40!30- , .... | l ' ' t I 1 I ( r "

0 0.5 1 1.5 2 2.5 3

Sieve Bend Water Loading Rate (g/cmA2*min)

9-35



Figure 9-20 % Ash Rejection vs Sieve Bend Water Loading for'
Upper Freeport Coal
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Figure 9-21 % Combustible Matter Recovery vs % Heptane
Concentration in the High Shear Mixer for West
Kentucky No. 9 Coal
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Figure 9-22 % Pyritic Sulphur Rejection vs % Heptane
Concentration in the High Shear Mixer for
West Kentucky No, 9 Coal
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Figure 9-23 % Ash Rejection vs % Heptane Concentratio,n in
the High Shear Mixer for West Kent,ucky No. 9
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Figure 9-24 % Combustible Matter Recovery vs % Solid_ ir_
the High Shear Mixer for West Kentucky No. 9 Coal
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Figure 9-25 % Pyritic Sulphur Rejection vs % Solids in the
High Shear Mixer' for West Kentucky No. 9 Coal
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Figure 9-26 % Ash Rejection vs % Solids in the High Shear
Mixer for West Kentucky No. 9 Coal
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Figure 9-27 Combustible Matter Recovery vs Sieve Bend Water
Loading Rate for West Kentucky No. 9 Coal
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Figure 9-28 % Pyritic Sulphur Rejection vs Sieve Bend Water
Loading Rate for West Kentucky No. 9 Coal
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Figure 9-29 % Ash Rejection vs Sieve Bend Water Loading Rate
for West Kentucky No. 9 Coal
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Figure 9-30 % Combustible Matter Recovery vs % Heptane
Concentration in the High Shear Mixer for
Pittsburgh No. 8 Coal
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Figure 9-31 % Pyritic Sulphur Rejection vs % Heptane
Concentration in the High Shear Mixer for
Pittsburgh No. 8 Coal
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Figure 9-32 % Ash Rejection vs % Heptane Concentration in
the High Shear Mixer for Pittsburgh No. 8 Coal
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Figure 9-33 % Combustible Matter Recovery vs % Solids in
the High Shear Mixer for Pittsburgh No. 8 Coal
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Figure 9-34 % Pyritic Sulphur Rejection vs % Solids in the
High Shear Mixer for Pittsburgh No. 8 Coal
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Figure 9-35 Ash Rejection vs % Solids in the High Shear
Mixer for Pittsburgh No. 8 Coal
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Figure 9-36 Combustible Matter Recovery vs Sieve Bend Water
Loading Rate for Pittsburgh No. 8
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Figure 9-37 % Pyritic Sulphur Rejection vs Sieve Bend Water
Loading Rate for Pittsburgh No. 8
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Figure 9-38 % Ash Rejection vs Sieve Bend Water Loading
for Pittsburgh No. 8 Coal

NP-

7O ©

65

= 60-

55

-_ 50

_" 45

4O

35 _l'"'"l .... I .... l .... i .... j-"_ '"I
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Sieve Bend Water Loading Rate (g/cm^2*min)

9-45



10.0 CONTINUOUS LOW-SHEAR OPERATION

10.1 Summary of Test Plan

A factorial design test plan was developed to Investigate the effect of several variables on

production of agglomerates In a continuouslow-shear operation. The mainvariables Investigated

were'

o Binder type

o Binder concentration

o Coal particle size

o Low-Shear residence time

Binder types studied in this work were AC-5 Asphalt and Cold Lake Bitumen blended with diesel

at ratios of 1:1 and 3:1. Asphalt emulsionwas originally included in the test plan, however, since

the CDTF operation was using asphalt/diesel blends only, no experiments were performed using

this material. Three binder concentrations of 8%, 10%, and 12% and two coal particle sizes of

28 mesh and 100 mesh were used in the experiments. Residence times of 30 minutes and 60

minutes were selected for the low-shear operation.

Coal type, coal slurry solids concentration, mixer set up and processing configuration were fixed

for ali tests, Upper Freeport coal was utilized as the test coal and solids conoentration was set

at 25%. Mixer set up, such as impeller type, number of baffles, etc., were kept the same for ali

tests. Low-shear mixer RPM was set at 1050 for ali tests except for the experiment with higher

input power (1600 RPM). The measured power input at 1050 RPM corresponded to about 20

Watts/litre. The high-shear mixing followrJdby low-shear mixing process configuration was also

maintained for ali tests.

Forty tests were planned for the continuous low-shear testing program, including a limitednumber

of tests to examine higher power input to the low-shear mixer, Due to limited AC-5 binder supply

10-1



and the results achieved, 18 key tests were completed, 1"heInformation was judged sufficient

to provide data for the evaluation of the continuous low-shear operation on a preliminary basis,

10.2 Coal Feedstock for Continuous Low-Shear Tests
I

Coal feedstock for the continuous low-shear test program was conditioned tn a high-shear vessel

with 1% addition of diesel (based on dry coal solids) prior' to feeding to the low-shear operation.

The purpose of this was to simulate processing conditions In larger scale continuous operations,

with the exception of the froth flotation process. The flotation step was not included as part of

the continuous test procedure because' a) the flotation process would make it difficult to control

processing conditions, namely maintaining consistent solids concentration of the slurry feeding

into the low-shearoperation and b) the high-shearstep was considered more critical than flotation

for evaluating the continuous low-shear operation due to its role in conditioning the coal.

Coal slurry solids concentration was maintained at 25% for ali tests. This solids content was

selected because tt reflected a typical level of solids that would be produced by the flotation

process in actual large scale testing.

10.3 Effect pf Operatlnq Variables

The results of the continuous low-shear tests are given in 1"able 10-1. These results show the

mean agglomerate size d5othat was produced using AC-5 and Cold Lake Bitumen binders at the

given operating conditions after five complete low-shear mixer volume changes. Five volume

changes were allowed to permit conditions in the mixer to stabilize.
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Table 10-1

RESULTS OF CONTINUOUS LOW-SHEAR TESTS

Coal Coal BinderAddition Low-Shear Product
Binder Binder/Diesel Size dM to Low-Shear Resldenoe Time Low.Shear Agglomerate d5o

Type Blend Ratio _ _ (%, db) . (miq) Mixer RPM (mm) ....

AC-5 1:1 100 0°092 12 30 1050 1,92

AC.5 1:1 100 10 30 1050 0,34

AC-5 3°,1 100 12 30 1050 no growth
observed

CLB 1:1 100 0,052 12 30 1050 0,81

CLB t :1 100 12 60 1050 1,60

CLB 1:1 100 10 30 1050 0,50

CLB 1:1 100 10 60 1050 0,35

CLB 3:1 100 - 12 30 1050 no growth
observed

CLB 3:1 100 12 60 1050 no growth
observed

CLB 3:1 100 12 30 1600 1,17

AC-5 1:1 28 0,120 8 30 1050 0,69

AC-5 3:1 28 8 30 1050 no growth
observed

CLB 1:1 28 0,123 10 30 1050 1,76

CLB 1:1 28 10 30 1050 3.67

" CLB 1:1 28 8 30 1050 1,18

CLB 1:1 28 8 60 1050 0,96

CLB 3:1 28 8 30 1050 no growth
observed

CLB 3'.1 28 8 60 1050
observed
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10.3.1 Effect of Binder Type

Figure 10-1 shows the effect of binder type on agglomerate size for the continuous low-shear

operation, Results are given In Table 10-2. For both the AC-5 asphalt and Cold Lake Bitumen

binders, blends of 3:1 (binder:diesel) performed poorly. No production of agglomerates was

observed for either the 28 mesh or 100 mesh feed coal slzesat 30 minutes of low-shear

residence time, Binder blends of 1:1 with diesel performed much better, Agglomerates ranging

in size from 0.69 to 1.92 mm were produced from the 28 mesh and 100 mesh coal sizes

depending on the amount of binderadded, The proportion of diesel In the binder blends appears

to strongly influence the performance.

Table 10-2

CONTINUOUS LOW-SHEAR TEST RESULTS
BINDER TYPE VS AGGLOMERATE SIZE

(30 minute Low-Shear Residence Time)

Coal Binder Addition

Size to Low-Shear Product A_glornerate d,_o(mm)
BInde..__.._r _ {%) , 1:1 blend 3:1 blend

AC-5 100 12 1,92 no growlh
observed

AC-5 28 8 0,69 no growth
observed

CLB 100 12 0,81 rio growth
observed

CLB 28 8 1,18 no grow'h
observed

10.3.2 Effect of Binder Content

The effect of binder content on agglomerate size is shown in Figure 10-2. Results are given in

Table '10-3. These results were obtained for binder-dieselblends of 1:1 at 30 minutes low-shear

residence time, The results show that for both AC-5 and CLB, the agglomerate size increased

In response to an increase in binder content, For the AC-5 binder and 100 mesh coal, an
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increase in agglomerate size of more than five times (dso of 0.34 vs 1,92 mm) was observed

when the binder content was Increasedfrom 10% to 12%. Identical test with CLB resulted in a

stmllar trend but with lower corresponding Increase In agglomerate size (duo0.50 vs 0,81),

Table 10.3

CONTSNUOUS LOW-SHEAR TEST RESULTS
BINDER CONTENT VS AGGLOMERATE SIZE

(Binder Blend 111, 30 minutes Low-Shear Residence Time)

Co_
Size Product Aqglornerate dso(rnm)

BInde_.._r _ --B% 1_Io 12%

Ac-5 100 . 0,_ 1,92
AC.5 28 0,69 .

CLB 100 0,50 0,81
CLB 28 1,18 1,76

10.3.3 Effect of Coal Particle Size

Figure 10-3stlows the effect of Initialcoal size on agglomerate size, Tests were performed using

CLB 1:1 binder at an addition rate of 10%. The test results are contained in Table 10-4, "l"hese

results indicate that at the same binder addition rate, agglomerates produced from the 28 mesh

initial coal size were significantly larger than agglomerates produced from the 100 mesh initial

size, at both low-shear residence times, Depending on the residence time, agglomerates

produced using the 28 mesh coal were 3.5 to 10 times larger than those produced under the

same conditions using 100 mesh coal,

Table 10-4

CONTINUOUS I.OW-SHEAR TEST RESULTS
INITIAL COAL SIZE VS AGGLOMERATE SIZE

(Cold Lake Bitumen 1:1, 10% Binder Addltton to Low-Shear)

Low-Shear

Residence Time Product Agglomerate dso(mm)
, (min) lOO mesh coal 2B rneshcoal

30 0.50 1,76
60 0,35 3,67
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10.3.4 Effect of Low-Shear Residence Time

The effect of operating the continuous low-shear at 30 and 60 minutes residencetimes Isshown

In Figure 10-4, These results, given In Table 10-5, are based on using CLB 1:1as binder, The

results Indicated that extended low-shear residence tlmes can either benefit the production of

larger size agglomeratesor be of no further aid In Increasing the size of agglomerates, depending

on the level of binder addition to the Iow.,shearoperation, For the 100 mesh Inttlal size coal at

the 12% level of binder addition, agglomerate size Increased from 0,81 to 1,60 mm (d._o)by

extending low-shear residence time from 30 to 60 minutes. However at the 10% level of binder

addition, extending the mixing time from 30 to 60 minutes resulted Irl a reduction of agglomerate

size by about 30% (0,50 to 0,35 mm), This same trend was observed for 28 mesh coal at 10%

and 8% levels of binder addition,

Table 10.5

CONTINUOUS LOW.SHEAR TEST RESULTS
LOW-SHEAR RESIDENCE TIME VS AGGLOMERATE SIZE

(Cold Lake Bitumen 1;1)

Binder Add=lion Coal

to Low.Shear Size Product Aq_qlomerate dso (mm)
.._ _ 30 mln 60..._ml__n

10 100 0,50 0.35
12 100 0,81 1,60

8 28 1,18 0.96
10 28 1,76 9,67

10.3.5 Other Variables

A single continuous low-shear test was performed to observe the effect of increased power input

Into the low-shear mixer, Power Input was determined as the difference between the measured

power draw when the mixer was operated empty and wtlen tt was operated full of coal slurry, at

the same rotational speed.
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For this test, CLB 3:1 at an addition level of 12% and 100 mesh Initial coal size were used. The

results are sho_vntn Figure 10-5, At a power Input of about 60 Watts/litre or approximately three

times the standard power Input for the other continuous low-shear tests, and 30 minutes low-

shear residence tlm,_, agglomerates of size 1,17 rnm were produced In comparison to no

agglomerate growth at the standard power input, While only a single test was performed, there

Is Indication that a higher power Input Into the low-shear mixer could be beneficial towards

producing agglomerates from binders having lower diesel oomposltlon,

10.3.6 Preliminary Comparison with Batch Low-Shear Data

Table 10-6 and F_gure10-6contains comparativedata for batch and continuous low-shear tests.

These results are for tests performed using AC-5 and CLB binders at blends of 1:1 with diesel,

28 mesh Initial coal size, and 30 and 60 mlrlutes of low-shear residence time.

Table 10-6

COMPARISON OF BATCH AND CONTINUOUS
LOW-SHEAR TE ;T RESULTS

28 Mesh Upper Freeport Coal

Total Low-Shear

Binder Addition' Residence Tarns Aq,qlomerate dso(mm)_.
Blnder T_p_£ .(_ ,_ Bato__h Continuous

AC-5 + Diesel 10,4 30 0,,48

(1:1)

AC.5 + Diesel 10,4 60 0,59

(1:1)

AC.5 + Diesel 9,0 30 0,69

(1:1)

CLB + Diesel 9,0 30 0,48 1.18

(1:1)

CLB + Diesel 9,0 60 0,54 0,96
(1:1)

CLB + Diesel 11,0 30 1,87 1,76

(1:1)

CLB + Diesel 11,0 60 2.20 3.67

(1:1)

'Includes 1% addition oi diesel in hlgtl.shear for conlInuous tests.
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For the AC-5 binder, given the same low-shear residence times, agglomerates produced from the

continuous low-shear operation using 9% total binder addition (total binder addition tnoludes the

1% diesel added to the high-shear process) were larger In size than agglomerates produced In

the batch operation at a higher rate of 10,4% binder addition, For CLB binder at addttlon levels

of 9% and 11% and residence times of 30 and 60 minutes, in ali but one of the tests (11%, 30

mln0),agglomeratesproduced by the continuous low-shear operation had a dsoof 105to 2.5 times

larger than those produced In batch tests,

These preliminary test results Indicate that batch and continuous low-shear operations produce

different size agglomerates under similar processing conditions. Agglomerates produced from

a continuous operation low-shear can be significantly larger than those produced from a batch

operation,

10.4 Conclusion for'Continuous Operation Low-Shear Tests

A list of preliminary conclusions from the evaluation of the test results obtained is given below:

o Agglomerates produced from a continuous low.shear operation can differ
significantly from agglomeratesproduced by batch operation In termsof size. Test
results showed that less binder Is required in the continuous operation to produce
agglomerates of similar size to the batch operation.

o At similar binder addition levels, agglomerates produced tn the continuous
operation were up to 2.5 times larger than agglomerates produced in a batch
operation.

o Binder-diesel blends in ratio 3:1 were ineffective for both AC-5 asphalt and Cold
Lake Bitumen at standard test conditions. Binder compositions of 1:1 produced
agglomerates much more readily in the continuous low-shear operation.

o 100 mesh coal required 2% to 4% more binder than 28 mesh coal to produce
agglomerates of similar size.

o Increased low-shear residence time was only beneficial in terms of Increasing the
size of agglomerates at the higher binder addition rates of 12% and 10% for 100
mesh and 28 mesh coal sizes respectively. No beneficial effect was observed at
the lower binder addition levels,
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o Increased power input into low-shear was beneficial in producing agglomerates
using the 3:1 CLB binder composition.
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11.0 IATF CONTINUOUS TESTING

Three continuous runs In a scale of 1/4 TPH were carried out in Alberta Research Council's IATF

(Integrated AgglomerationTesting Facility), These IATF runs were performedwith UpperFreeport

coal (28 mesh x 0) with the following objectives'

o Commission new sampling and control equipment and sampling procedures.

o Test the minimum sampling and analysis program for mass balance,

o Confirm steady state condltlons within the process by closing the mass balance
for solids, ash and pyritic sulfur.

o Demonstrate process repeatability.

o Investigate process performance.

11.1 Summary of Test Plan

The process conditions used during IATF Runs 1,2+3 are summarized InTables 11-1,11-2 and

11-3. Run 1 contained one eight hour period performed at 1% diesel addition to the high-shear

mixer. Runs 2 and 3 involved step changes in diesel concentration into the high-shear mixer.

Run 2 contained two four-hour periods, the first performed at 1.0% diesel addition to the high-

sllear mixer, followed by a decrease in diesel to 0.5%. This low diesel concentration was used

to provide a sharp change/response of the operating system in Period 2. Run 3 also contained

a step change in high-shear diesel content at hour four. For Period 1, the high-shear diesel

content was set at 1.5%, and then decreased to 1.0% in Period 2. The low-shear binder

additions were based upon an estimated coal matter recovery from the high-shear and separation

cir'cult.
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" Table 11-1

RUN 1
SUMMARY OF PROCESS CONDITIONS

(1) Rod Mill
Rod Charge 200 kg
d_o 128 um
dg_ 600 um
C_ 50%
Coal Feed Rate 250 kg/hr

(2) Conditioning Vessel

C_ 20%
Retention Time (Approximately) 20 rain

(3) High-Shear

Single-Stage Yes
C, 20%
RPM's 1750
Retention Time 3 mln
Co (OIi Concentration) % db 1%
Oil Type Diesel

(4) Flotation Cell

Number of Cells 3

C, 12%
Retention Time (Approximately) 7 mln
Frother - MIBC 0.012%

(5) Second Stage Flotation Unit

Single-Stage Yes
C, 15%
RPM's (Approxlmately) 840
Flotation Zone Retention

Time (Approximately) 4.1 rain
Baffle Angle 45%
Wash Water Rate 10 kg/min

(6) Low-Shear Mixers

CO, % db Feed Basis 7%
CS 25%
RPM's 575,380
Retention Time 30 min, 60 rain
Oil Type Diesel/Bitumen (1:1 )
No. of Mixers 2
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Table 11-2
0

RUN 2
SUMMARY OF PROCESS CONDITIONS

(1) Rod Mill

Rod Charge 200 kg
dso 128 um
d95 600 um
C, 50%
Coal Feed Rate 250 kg/hr

(2) Conditioning Vessel

Ca 20%
Retention Time (Approximately) 20 rnln

(3) High-Shear

Single-Stage Yes
Cs 20%
RPM's 1750
Retention Time 3 mln
Co (Oil Concentration) % db 1%, 0,5%
OII Type Diesel

(4) Flotation Cell

No. of Cells 3

Cs 12%
Retention Time (Approximately) 7 mln
Frother 0.012%

(5) Second Stage Flotation Unit

Single.Stage Yes
C_ 15%
RPM's 840
Flotation Zone Retention

Time (Approximately) 4.1 min
Baffle Angle 45%
Wash Water Rate 10 kg/min

(6) Low-Shear Mixers

Co% db Feed Basis 7%
Ct 25%
RPM's 575,380
Retention Time 30 mtn, 60 min
Oil Type Diesel/Bitumen (1:1)
No. of Mixers 2
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Table 11-3

RUN 3
SUMMARY OF PROCESS CONDITIONS

(1) Rod Mill

Rod Charge 200 kg
d_o 128.um
dg_ 600 um
C_ 50%
Coal Feed Rate 250 kg/hr .

(2) Conditioning Vessel

C, 20%
Retention Time (Approximately) 20 mln

(3) Hlgh-Shear_

Single-Stage Yes
CB 20%
RPM's 1750
Retention Time 3 rain
Co(OII Concentration) % db 1.5%, 1.0%
OIIType Diesel

(4) Flotation Cell

Number of Cells 3
Cs 12%
Retention Time (Approximately) 7 mln
Frother 0.012%

(5) Second Stage Flotation Unit

Single-Stage Yes
C5 15%
RPM's 840
Flotation Zone Retention

Time (Approximately) 4.1 min
Baffle Angle 45%
Wash Water Rate 10 kg/min

(6) Low-Shear Mixers

Co% db Feed Basis 7%
C5 25%
RPM's 575,380
Retention Time 30 rain, 60 mln
Oil Type Diesel/Bitumen (1:1)
No. of Mixers
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11.2 IATF Test Results

11.2.1 Mass Balance Calculations

The followingmass flows were determined In ali the process streams:

o Ash mass balance (e,g, ash % dh)

o Pyritic sulfur mass balance (e,g, pyritic sulfur, % db)

o Total solids balance (e,g, water/solids ratio)

A computerized nflnlmum variance balance program (MATBAL Ii) was used in this analysis. A

nodal representation ofthe IATFflotationcell, hydraulicseparator and low-shearmlxer/dewaterlng

screen was developed (Figure 11-1), The tailings and settling streams were combined into a

single stream for the mass balance calculation,

Assumptions and error estimates used In the calculation of mass balances are summarized

below,

o Feed Coal

As the entire feed coal sample was blended prior to delivery to Alberta Research
Council, and the barrels were selected randomly from storage, the average assay
values for the feedstock was used based upon results from ali three runs,

Ash, % db= 15,37
Pyritic Sulfur, % db = 1.52

o Process Streams

The error estimates in Table 11-4 were used for the mass balance computer
program, These values would expect to change as more information becomes
available, The tailings and settlings streams were assigned the highest percent
relative error (10%) because of the slowest response to steady state due to their
higher hydraulic retention time. Furthermore, the very low solids contents in the
tailings stream increases the potential for higher relative error during sample
preparation,
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'['able 11-4

ERROR ESTIMATIONS FOR MASS BALANCE OALCULATIONS

Ash % db PS % db Water/Solids Ratio

No_._, Stre__ % R,E, % R,E, % R,E,

1, Flotation oell feed 0,001 0,001 0,001

2, Flotation oell produot 2,0 2.0 2,0
3, Second stage flotation feed 2,0 2.0 2,0
4, Second stage flotation produot 2,0 2,0 2,0
5, Low-shear mixer produot 2,0 2,0 2,0
6, Flotatlon owl settllngs 10,0 10,0 10,0

and tailings
7, Second stage flotation settllngs 10,0 10,0 10,0

and tailings
8, Dewatering soreen tailings 0,001 ,_ 0,001 2,0
9, Second stage flotation water 0.001 _lf, 0,001 00001

addition

Tables 11-5 through 11-9 contain the mass balance results for Runs 1 to 3, The tables

summarize the stream massesand assays analyzed, Forstream masses, the table includes the

observed or measured solids streams (kg/hr), the computer calculated value (kg/hr), and its

corresponding weight percent recovery or yield. Three additional calculations are provided; ash

rejeotlon (%AR), pyritic sulfur rejection (%PSR), and coal matter recovery (CMR) for the flotation

cell, second stage flotation and low-shear product streams.

"Theassay analysis table portion contains four columns of information. The first two columns

contain the process measured assays (%) and the computer calculated values (%). The third

column summarizes the percentage of recovery for each assay analyzed within ali process

streams. The fourth column represents the weight (kg/hr) recovery of the assay component in

each stream.
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Table 11-5

CALCULATED MATERIAL BALANCES
FINAL RESULTS AFTER 7 ITERATIONS

Run 1 . Period 1

Stream

M_. Stream Observe...____d ,Calculated Wt, PCT, %AR %PSR %CM....RR

1 Upper Freeport 242,80 242,80 100.,0
2 Flot Prod 231,90 224061 92,5 28,4 21,6 96,3
3 SS Feed 231,99 224,67 92,5
4 SS Prod 216,66 217,15 89,4 38,9 35,1 94,5
5 Low-shear N/A N/A N/A 40,2 35,1
6 FC Tails and Set 19,38 18,19 7,5 .
7 SS Tails and Set 7,50 7,51 3,1
8 S,600 N/A 0,47 0,2

9 Pyrite I-I;_0 0,06 0,06 0,0 • .

Ash % db

MM Stre_.._aam Observed Calculated Recovery.. Wt Units

1 Upper Freeport 15,37 15,37 100,0 37,3
2 Flot Prod 11,90 11,89 71,5 26,7
3 SS Feed 11,90 11.91 71,7 26,9
4 SS Prod 10,80 10,50 61.1 22,8
5 Low-shear 9,90 10,31 59,8 22,3
6 FC Tails and Set 65,60 58,36 28,5 10,6
7 SS Tails and Set 50,00 52,66 10,6 4,0
8 S-600 100,00 100,00 1,3 0,5

9 Pyrite H_0 100.00 100.00 0.2 0,0

Pydtlc Sulfur % db

M Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 1,52 1,52 100,0 3,7
2 Flot Prod 1,25 1,27 77,3 2,9
3 SS Feed 1.25 1.27 77,3 2.9
4 SS Prod 1,11 1.09 64,4 2.4
5 Low-shear 1.11 1,10 64,4 2,4
6 FC Tails and Sel 4,52 4,60 22,7 0,8
7 SS Tails and Set 7,52 6,36 13.0 0,5
8 S.600 0,00 0,00 , 0,0 0,0

9 Pyrite H_0 0,00 0,00 0,0 0.0

Water/Solids Ratio

M_ Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 9,12 9,12 "100,0 22,1
2 Flol Prod 2,71 2,69 27,3 6,0
3 SS Feed 5,31 5,36 54,3 12,0 4
4 SS Prod 2,59 2,60 25,5 5,6
5 Low-shear 0,43 0,43 4,2 0,9
6 FC Tails and Set 88.10 88,54 72.7 16,1
7 SS Tails and Sel 77,20 85,00 28.& 6.4
8 S.600 1000,00 999,97 21,3 4,7

9 Pyrite t-I_,0 10000,00 10000,00 27,1 6,0
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Table 11-6

CALCULATED MATERIAL BALANCES
FINAL RESULTS AFTER 6 ITERATIONS

Run 2 - Period 1

Stream Weiqht._s

M Stream Observed Calculated Wt, PCT. %AR %PSR %CMR

1 Upper Freeport 235,58 235.58 100,0 -
2 FIot Prod N/A 220.82 93.7 29,3 22.2 97.9
3 SS Feed N/A 220.88 93,8
4 SS Prod 211,60 211.84 89,9 39,8 36,1 95,3
5 Low-shear N/A 211.33 89,7 41.2 36.1
6 FC Tails and Set 15.10 14.76 6.3
7 SS Tails and Set 5,15 9.04 3.8
8 S-600 N/A 0.51 0.2

9 Pyrite I.-_0 0.06 0,06 0.0

Analyses

Ash % db

M Stream Observed Calculated Re.very WtU__._.qit_s

1 Upper Freeport 15,37 ! 5.37 100.0 36.2
2 Flot Prod 11,60 11.60 70.7 25,6
3 SS Feed 11,60 11,62 70.9 25,7
4 SS Prod 10.60 10,28 60.1 21o8
5 Low-shear 9.67 10.06 58,7 21.3
6 FC "Fallsand Set 70.00 71,81 29,3 10,6
7 SS Tails and Set 47,00 43,06 10.7 3,9
8 S-600 100,00 '100.00 1.4 0,5

9 Pyrite H_0 100,00 100.00 0,2 0.0

,Pyritic Sulfur % db

M...M- Stream Observed Calculated Recover.D(. Wt Units

1 Upper Freeport 1,52 1.52 100.0 3.6
2 Flot Prod 1,24 1.26 77.8 2.8
3 SS Feed 1.24 1,26 77.8 2,8
4 SS Prod 1,10 1,08 64,1 2.3
5 Low-shear 1,10 1.09 64,1 2.3
6 FC Tails and Set 5.30 5.39 22.2 0,8
7 SS Tails and Set 6,49 5.40 13,6 0.5
8 S-600 0,00 0.00 0.0 0.0

9 Pydte H20 0.00 0.00 0.0 0,0

Water/Solids Ratio

M Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 8.80 8.80 100,0 20,7
2 Flot Prod 2,75 2,71 28,8 6,0
3 SS Feed 5.30 5.42 57,8 12.0
4 SS Prod 2.81 2.82 28,8 6,0
5 Low-shear 0,43 0.43 4,4 0,9
6 FC Tails and Set 98.60 99.97 71.2 14,8
7 SS Tails and Set 60.00 66.32 28.9 6.0
8 S-600 1000,00 999.97 24.5 5.1

9 Pyrite H_0 10000,00 10000,00 28,9 6,0
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Table 11-7

CALCULATED MATERIAL BALANCES
FINAL RESULTS AFTER 6 ITERATIONS

Run 2 - Period 2

Stream Wetqhts

M Stream Observed Calculated Wt, PCT, %AR %PSR %CMR

1 Upper Freeport 237.10 237.10 100.0
2 Flot Prod N/A 214,08 90.3 35,2 30,6 95,0
3 SS Feed N/A 214.14 90,3
4 SS Prod 200,10 200.77 84.7 48,1 47,2 90,6
5 Low-shear N/A 200.28 84.5 49.2 47.2
6 FC Tails and Set 19.87 23.02 9,7
7 SS Tails and Set 8.17 13.37 5.6
8 S-600 N/A 0,49 0.2

9 Pydte H_0 0,06 0,06 0.0

Ash % db

M Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 15.37 !5.37 100,0 36,4
2 Flot Prod 11.00 11.00 64,6 23,6
3 SS Feed 11,00 11.03 64,8 23,6
4 SS Prod 9.50 9,43 52,0 18.9
5 Low-shear 9.16 9.21 50.6 18,5
6 FC Tails and Set 54,00 56,00 35,4 13.0
7 SS Tails and Set 60,00 34.93 12,8 4,7
8 S-600 100.00 100.00 1,4 0.5

9 Pyrite H.z0 100.00 100.00 0.2 0,0

Pydtic Sulfur % db

M Stream Observed Calculated Recovery. Wt Units

I Upper Freeport 1.52 1,52 100.0 3,6
=- 2 Flot Prod 1,14 1.15 68,5 2.5

3 SS Feed 1,14 1.15 6B.5 2.5

: 4 SS Prod 0.96 0,95 5'2,9 1,9
5 Low-shear 0.96 0,95 _52,9 , 1.9
6 FC Tails and Set 5.00 4,93 3! 5' 1.1

: 7 SS Tails and Set 5,00 4,20 '15,'6 ' 0.6
: 8 s-6oo o.oo o.oo (,_',o o.o,,

9 Pyrite H20 0,00 0,00 ' 0L0 0.0

Water/Solids Ratio

M Stream Observed Calculated Recovery. Wt Units

1 Upper Freeport 8,75 8.75 100,0 20.7
: 2 FIG Prod 2.94 2,88 29.8 6.2

3 SS Feed 5.52 5,68 58,7 12,2
4 SS Prod 2,87 2.88 27.9 5.8
5 Low-shear 0,43 0.43 4,2 0,9
6 FC Tails and Set 59.65 63,30 70.2 14.6
7 SS Tails and Set 43,40 47,78 30,8 6,4
8 S-600 1000,00 999,98 23,7 4.9

9 Pyrite H20 10000,00 10000.00 28.9 6,0

11-9



Table 11-8

CALCULATED MATERIAL BALANCES
FINAL RESULTS AFTER 7 ITERATIONS

Run 3. Period 1

Stream Weiqhts

M Stream Observed Calculated Wt, PC']. %AR %PSR %CMR

I Upper Freeport 249,14 249,14 100.0
2 Flot Prod N/A 234,70 94.2 27.7 21,1 98,2
3 SS Feed N/A 234,76 94.2
4 SS Prod 219.32 229,81 92,2 37.9 31,6
5 Low-shear N/A 229.27 92.0 39.2 31.6 97,7
6 FC Tails and Set 11.49 14.44 5.8
7 SS Tails and Set 5.13 4.96 2.0 .
8 S-600 N/A 0.53 0.2

9 Pyrite H20 0,06 0,06 0,0

An_

,Ash% db

M Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 15.37 15,37 100.0 38.3
2 Flot Prod 11.86 11,82 72.4 27.7
3 SS Feed 11.86 11,84 72.6 27.8
4 SS Prod 10.48 10,36 62.2 23.8
5 Low-shear 9.78 10,15 60.8 23.3
6 FC Tails and Set 70,60 73,09 27.6 10.6
7 SS Tails and Set 54,10 80,63 10,4 4.0
8 S-600 100.00 100,00 1,4 0.5
9 Pydte t-t20 100.00 100,00 0.2 0.0

Pydtic Sulfur % db

_M. Stream Observed CaJculated Recovery Wt Units

1 Upper Freeport 1,52 1.52 100.0 3,8
2 Flot Prod 1.26 1.26 78.2 3.0
3 SS Feed 1,23 1,26 78,2 3.0
4 SS Prod 1.10 1,11 67.4 2.6
5 Low-shear 1.10 1.11 67.4 2.6
6 FC Tails and Set 4.91 5.72 21.8 0.8
7 SS Tails and Set 7,65 8,26 10,8 0.4
8 S-600 0,00 0.00 0.0 0.0
9 Pyrite I-_0 0,00 0,00 0.0 0.0

Water/Solids Ratio

_M. Stream Observed Calculated Recovery W__tUnit__s

1 Upper Freeport 8.96 8.96 100,0 22.3
2 Flot Prod 2.50 2,52. 26.5 5.9
3 SS Feed 5.15 5.07 53.4 11.9
4 SS Prod 2,76 2,75 28,3 6.3
5 Low-shear 0.43 0.43 4.4 1.0
6 FC Tails a,qd Set 145,00 113.66 73.5 16.4
7 SS Tails and Set 123.20 112,88 25.1 5.6
8 S-600 1000.00 1000.03 23.9 5,3

9 Pyrite H_0 10000.00 10(J00.00 26.9 6.0
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Table 11-9

CALCULATED MATERIAL BALANCES
FINAL RESULTS AFTER 7 ITERATIONS

Run 3 - Period2

Stream Welht1._

M Stream Observed Calculated Wt. PCT. %AR %PS__.__R %CM.___._R

1 Upper Freeport 251.60 251.60 100,0
2 Flot Prod N/A 23.4,21 93,1 30,2 23.7 97,3
3 SS Feed N/A 234,26' 93,1
4 SS Prod 221.00 226.39 90.0 41,6 36,8 95,7
5 Low-shear N/A 225,83 89,8 42,9 36,8
6 FC Tails and Set 17.20 17.40 6.9
7 SS Tails and Set 6.09 7.88 3,1
8 S-600 N/A 0,56 0.2

9 Pyrite R0 0.06 0.06 0,0

Analyses

Ash % db

M Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 15,37 15,37 100,0 38,7
2 Flot Prod 11,55 11,53 69,9 27.0
3 SS Feed 11,55 11,56 70,0 27,1
4 SS Prod 9,96 10,00 58,5 22.6
5 Low-shear 9,78 9,77 57.1 22,1
6 FC Tails and Set 67,00 67.01 30,1 11,7
7 SS Tails and Set 48,00 56,39 11.5 4.4
8 S-600 100,00 100,00 1,4 0,6

9 Pyrite PL_0 100.00 100,00 0.2 0,0

Pyritic Sulfur % db

M Stream Observed Calculated Recovery Wt Units

1 Upper Freeport 1.52 1.52 100,0 3.8
2 Flot Prod 1,26 1.24 76,1 2,9
3 SS Feed 1,26 1,24 76.1 2,9
4 SS Prod 1.05 1,05 62,2 2.4
5 Low-shear 1,05 1.05 62.2 2,4
6 FC Tails and Set 7,18 5,26 23,9 0,9
7 SS Tails and Set 6,63 6,74 13.9 0.5
8 S-600 0,00 0,00 0.0 0,0

9 Pyrite H20 0.00 0.00 0.0 0,0

Water/Solids Ratio

M Stream Observed Calculated Recovery_ Wt Units

1 Upper Freeport 8,87 8,87 100.0 22,3
2 Flol Prod 2.75 2,75 28.9 6,4
3 SS Feed 5.28 5,31 55.8 12,4
4 SS Prod 2,90 2,90 29.4 6.6
5 Low.shear 0.43 0.43 4,4 1.0
6 FC Tails and Set 80.12 91.26 71.1 15,9
7 SS Tails and Set 75,80 74,66 26.4 5,9
8 S-600 1000,00 1000,01 25.0 5,6

9 Pyrite I-'1_0 10000,00 10000,00 26.9 6.0

11-11



11.2.2 Process Performance

Table 11-10 contains a summary of key operating conditions and performance Indicators, The

following operating conditions are included:

o Feed coal size (dso)

o High-shear diesel content (% db)

o Flotation cell frother content (% db)

o Low-sl'lear binder addition (% db feed basis and % daf product basis)

The following performance indicators are included for analysis of the results:

o Ash rejection % (AR)

o Pyrite sulfur rejection % (PSR)

o Coal matter recovery % (CMR)

o Low-shear agglomerate size (d3o,dsoand dso, um)

As these initial runs were performed to commission the new sampling and control equipment, they

were not carried out under the optimum process conditions. Optimization would include the

variations of flotation cell solids content, and the addition rates of diesel and frother.

Nevertheless, the methods for sampling and mass balance calculations were well defined for

detailed evaluation.

The results showed that tests with diesel concentrations in the range of 0.5 to 1.5% db, with a

frother concentration of 0.012% rib, yielded very high levels of coal matter recovery (CMR),

ranging from 90.6 to 97.7%. However, pyritic sulfur rejections were low, ranging from 31.6 to

47.2% PSR. Higher selectivity could be expected at lower flotation solids concentration and more

optimum diesc! and frother concentrations. Changing the oil concentration from 1.0 to 1.5% db

with ali other process conditions constant, caused a minimal increase in CMR from about 96 to

98% CMR. However, implementing this change in oil concentration reduced the selectivity of the

process, evident by the reduction in PSR from about 37 to 32% PSR.
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Decreasing the oll concentration from 1.0 to 0.5% db, with ali other process conditions constant,

caused a 5% drop tn CMR from 96% to 91%. However, the selectivity of the process dramatically

improved as PSR increased from about 36% to 47%, an improvement of 11%o The results also

indicated that the uniform sized low-shear agglomerates could be produced with a low-shear

binder concentration Qf 5.9% of dry feed coal basis. Expressed on a dry ash free product basis,

the tow-shear binder addition was 7.7%.
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11.3 Conclusions

The computerizedmass balanceprogramcanscrutinizeprocess measurements,and adjust the

balance accordingto the best measurementswithinthe process. The mass balance methodcan

be used to assist in the development of a minimized sampling and analysis program,

Computerized simulations and testing of the mass balance can also help to Identify sensitive

process measurements,and confirm steady state conditions to ensure the !ntegrttyof the results.

Based uponthe mass balance analysis of the IATF runs, the followingconclusionscan be rnade'

o The newequipment and sampling procedures appear to perform satisfactory. The
minimum sampling program utilized in Run 3 produced a satisfactory mass
balance.

o Steady state conditions appear to be achteved in the IATF after three to four hours
at key locations In the process. Ali mass balances for the runs close very weil,
with some Indications that the talllngs streams are slower to respond. These
streams also demonstrate a fairly high level of percent relative error because of
their low percent sollds.

o The mass balances indicate a high level of process repeatability (Run 1, Run 2-
Period 1, Run 3 - Period 2).

o The effects of process parameters on performance are consistent with those
observed in batch scale testing.
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12.0 QUALITY ASSURANCE/QUALITYCONTROL (QA/QC) AND STATISTICAL ANALYSIS
OF DATA

12.1 _QualityAssurance/Quality.Control

A number of Quality Assurance/QualityControl (QA/QC) activitieswereperformed during tile Task

5 Test Program, These QNQC activities focused on'

o Implementation of standard procedures and documentation of non-standard
procedures

o Analytical quality

o Experimental repeatability

Each of these activities Isdiscussed In the following sections.

12.1.1 Procedures

The QA/QC objectives related to establishment of standard test procedures are:

o To establish and document equipment and proceduresso that inadvertent changes
do not occur during tile test program

o To establish standard conditions and corresponding test data that can be used to
measure and evaluate the effects of deliberate char_gesduring the test program

The standard test procedures that were developed are presented in Sections 3 and 4. These

procedures include:

o Wet grinding

o Size analysis

o Agglomeration experiments

o Product sample preparation
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o Product analyses Including determination of bridging liquid content and motsture
content by azeotroplc dlstlllatton

o Heptane content determination

12.1.2 Analytical Quality

Several qualtty control measures were Implemented to ensure the quality of the analytical work,

o Analytical equipment, such as the Leco SC-32 sulfur analyzer and the Fisher Coal
Analyzer, are calibrated each day using appropriate standards available
commercially.

o NBS standards are selected to match both the matrix and the range of the
parameter being measured. For example, o11,coal, and Inorganic standards are
used for calibration of sulfur determination In agglomerants, clean coals and
rejects.

o A quality control reference sample is analysed on a regular basis, often dally. This
reference sample is an actual product, such as agglomerated coal. The dally
analyses are plotted to produce a quality control reference chart which illustrates
the consistency of analytical performance, Any indication of Inconsistent
performance ts Investigated and rectified.

o Standard procedure involves duplicate determinations. The values obtained from
the duplicate determinations are compared to ASTM limits for repeatability. The
ASTM limits are posted In the laboratory and ali duplicate determinations are
immediately checked. When duplicate determinations are outside of ASTM
repeatability limits, then one or more additional analyses aredone untll acceptable
repeatability is obtained. The results of ali replicate determinations are averaged
and reported as the average of the specific number of determinations. Values are
not discarded unlessthere is an obvious reason to do so, such as obvious sample
segregation, equipment malfunction, analysis outside of calibrated range, etc.

o The actual printouts for ali analyses are kept on file for a minimum of one year.
Analytical reports (the averaged values described above) are kept on permanent
file,

o Occasionally, raw data is randomly checked to ensure proper data entry from
printouts to computer.

In addltion to the above routine quality control procedures, the Alberta Research Council's Coal

Microanalytical Laboratoryparticipates in various round-robin programs and is a member of ASTM
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Comrnlttee D-5 on Coal and Coke, In particular, the laboratory recently participated tn the ASTM

round-robin test for developing a new standard for determination of total sulfur In ash, This Is

relevant to the total sulfur determinations done on the reject samples which have high ash

contents,

12.1.3 Experimental Repeatability

12.1.3.1 Pyrite Rejection by Calculat!on and Measurement

During the Task 5 Test Program,approximately25% of the productsamples were analysed for

pyritic sulfur content, due to time and cost factors. Pyritic sulfur rejection, therefore, was

calculated based on the analyses of other parameters In both the feedstock and the products,

The method used for this calculation Is discussed in Section 5.

For products, when pyritic sulfur contents were actually determlr_ed,pyritic sulfur rejections

obtained by calculation and measurement could be compared. 'These comparisons were

documented In the biweekly reports, A typical set of results Isprovided below to demonstrate the

agreement between the actual measuredpyritic sulfur rejection and the calculatedone (Table 12-

1).
Table 12-!

PYRITIC SULFUR REJECTIONS FOR CALCULATED
MS MEASURED PYRITIC SULFUR CONTENTS

Test No, Pyritic Sulfur Rejection, %
Ser, Lab. Calculated Measured Difference

928 KEN-54,11' 79,6 81,7 -2.1
929 KEN-54,12' 69,3 72,6 -3,3
930 KEN-54,13' 57,8 62,4 -4,6
931 KEN-54.14" 42,6 48,4 -5,8

934 KEN-63 50,3 54,2 -3,9
935 UFP-269 75,7 74,0 1,7
937 UFP-270 82.5 81,1 1,4
938 UFP-271 79,6 81,1 .'1,5
939 UFP:272 79.0 79,6 .0,6
941 UFP-273 83.1 83,7 .0,6
942 UFP-274 81,7 82,1 -0,4
944 UFP-275,1 76,5 75,1 1,4
946 UFP-276,1 73,1 73,3 .0,2
951 KEN-67 65.7 67,6 .1.9
955 KEN-70 65,5 69,9 .4,4
964 UFP-279 86,6 86.5 0,1
965 UFP-281 77.0 77,6 .0,6

"Results are for the tour cumulative increments oi each test

produced using the incremental froth sarnpllng procedure,
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12.1.3.2 Test Repeatability

A number of tests were repeated to deterrnlne the overall repeatability, The tests were randomly

selected and the processperformances were compared, The repeatability of experiments carded

out In two.stage agglomeration tests is presented In Table 12-2, As each of these tests actually

represents two single-stage tests and involves a number of sample preparation and analytical

procedures, this data represents the worst conditions in test repeatablllty, lt Is noted that even

under these extreme conditions, the repeatability of these tests Is excellent In terms of both BTU

recovery and pyrite rejection,

Table 12-2

REPEATABILITY OF TEST RESULTS

Ser, ]'est No, BTU Recovery, °A, _ Pyritic Sullur Rele._lo._n°/.L..%
Inltta___Z _ Inltla___._l Re_t DIII......=, InIti._._a/ R._ DI....._fi_,

932 933 93,0 92,7 0,3 30,9 27,7 3,2
935 936 89,0 89,6 .0,6 75.7 75,7 0,0
939 940 76,8 78,0 -1,2 79,0 79,7 .0,7
943 944 88,0 89,6 -1,6 80,5 76,5 4,0
945 946 92.0 91,6 0,4 75,3 73,1 2,2
947 949 74,5 70,9 3,6 86,9 88,9 -2,0
951 952 89,3 91,8 ,,2,5 65,7 62,8 2,9
965 966 83,8 84,7 -0,9 77,0 77,8 -0,8

12.2 Statistica_.Analysts of Data

Multiple regression analysis was used to determine the influence of independent experimental

variables on process performance, This analysis Is restricted to the test program when a large

data base Is available, The results from Task 5,1, "Ewlluatlon of Agglomerating Liquids" and

tests performed on the bench-scale diesel continuous testing are analyzed by this method,

The multiple regression analysis is not meant to substitute data evaluation presented In the

various sections of this report, Rather lt Is used to provide data evaluation from a different

approach,
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12.2,1 Method

Application of standardized Independent variables In a regresslorl equation allows to find the

coefficients which are a good measure of the Influence of respective variables. Standardizing

depends on centeringand scaling of the variables. Centering depends on subtracting the variable

mean from each observation of the variable, and scaltng depends on dividing the variable by Its

standard deviation,

Thus, any standardized variable x' can be represented as follows:

x0- x
x'= (1)

Sx

where x - mean value
s, standard deviation

Any criterion, such as CMR, TSR, etc., is denoted generally by yt; j Is the successive number of

criterion, or dependent variable (response). The Independent variables (factors), such as

concentration of agglomerant, size of coal particles, residence time, etc,, are generally denoted

by xk',where k Is the successive number of independent variable,

Considerations are based on the linear relation between the mean value of any dependent

variable yl and the independent variables x,, x_,x:,,..., according to the following equation:

Yl=bo +b_ x1+b_x_+b 3x3+.,, (2)

or in short:

K=; fn

Yi= be + % bkXk (3)
k=l
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where bo is a constant (int,_rcept) and the constants bk are the partial regression coefficients

(slopes). Equation (3) is the empirical mathematical model for predicting the response y_over a

limited range of the factors xk.

The values of standardized coefficients for particular independent variables are proportional tu

their respective influence. Positive algebraic sign of coefficient denotes that the variable has a

proportional influence while negative sign means inverse proportional influence.

Significance of the regression coefficients was tested. To check the significance _,f the partial

regression coefficients the t test can be used. The calculated t test values for the slope must

be greater than the tabulated critical values for a given probability, o_. Calculated value of t

defines the significance level o_which has to be acceptably low. The higher the t, the lower the

o_. The higher the t, the higher the influence of respective independent variable. If a regression

coefficient is found not to be statistically significant, the equation is revised. The independent

variables which do not significantly influence the dependent variable are deleted, and new

regression ccJfficients are calculated.

Significance of the whole regression equation is determined by test F. Calculated value of F

defines the significance level c_ which has to be acceptably low. The higher the F, the more

significant the regression equation.

12.2.2 Analysis of Batch Process

The results of the first 210 tests performed on the batch scale were taken for statistical analysis.

Three "old" project coals were tested' Illinois No. 6, Pittsburgh No. 8 and Upper Freeport. In the

statistical analysis, the following variables were examined'

,Independent Variables

o Relative density of agglomerant (related to the density of water)

o Residence time in stirred vessel
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o Size of coal particle (dimensionless)

o Concentration of agglomerant

o Amount of frother addition in first stage flotation

o Amount of frother addition in second stage flotation :'

Dependent Variables

o Coal matter recovery index

o Total sulfur rejection index

o Ash rejection index

The purpose of this analysis was to determine the influence of experimental independent

variables on the agglomeration performance process criteria: coal matter recovery (CMR), total

sulfur rejection (TSR), and ash rejection (AR).

'The concept of relative density was used as a mathematical indicator of agglomerant type, The

values of relative (dimensionless) density of applied agglomerants are shown in Table 12-3.

Table 12-3

RELATIVE DENSITY VALUES FOR AGGLOMERANTS

Agglomerant Relative Density

Hexane 0,6603

Diesel 0.8613

Maya + Diesel (1:1) 0.8915

Maya 0,9227

Fuel No. 6 + Diesel (4:1) 0,9593

Fuel No. 6 0.9838
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Concentration of agglomerant was determined as the percentage weight content of agglomerant

in relation to the feed dry coal. The initial size of coal particles was determined by the relative

(dimensionless) diameter defined as the ratio of real median diameter dso of tested coal and the

size of screen opening for the 200 mesh (74 km).

Independent variables with significance of t greater than !0% (o_> 0.1), were neglected. The

values of standardized coefficients for independent variables are shown in Table 12-4. There are

three indepe,ldent variables of the greatest influence:

o Relative density of agglomerant (type of agglomerant)

o Concentration of agglomerant

o Amount of first frother addition

Smaller significance was found for the coal particle size, amount of the second frother addition

and for the residence time.

Table 12.4

COEFFICIENTS IN REGRESSION EQUATIONS WITH STANDARDIZED VARIABLES

Illinois No, 6 Pittsburgh No, 8 Upper Freeport
(58 Tests) _(80Tests) __ _ _(72Tests)

C__MR T3_ A.._R C M_.__.RRTS.R.R AR CM_..R. TS.._.RR AFI

Density 16.9 -15,7 -6.7 14.4 -14.9 -12,3 6.3 -8.5 -97

Residence time 3,2 3,1 22

Coal diameter 4.1 -2,6 -2.3

Oil content 4,4 -6,9 -3.8 11.1 -13.1 -11.2 4.9 -12,4 -120

I froth amount 4,6 .3.9 5,7 -3,8 -5,5 4.3 .,5,2 -42

I1froth amount 2.5
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12.2.3 Analysis of Bench Scale Continuous Process with Diesel

The 5 kg/hr continuous agglomeration process with diesel as agglomerant, was analysed. One

hundred and sixty-six tests were taken Into account. In the statistical analysis the following

variables were examined:

Independent Variables

o Size of coal particle (d5o)

o Initial concentration of diesel oil

o Residence time

o Coal content in flotation cell

o Frother amount added in flotation cell

Dependent Variables

o Coal matter recovery index

o Total sulfur rejection index

o Inorganic sulfur rejection index

Independent variables with significance of t greater than 10%, (o_>0.1), were neglected. The

influence of significant independent variables on coal matter recovery (CMR), total sulfur rejection

(TSR), and inorganic sulfur rejection (ISR)is shown in Tables 12-5, 12-6 and 12-7, respectively,

The results of this statistical analysis showed that the effect of the independent variables on the

performance of ali project coals is different. If frother concentration has a significant impact on

the performance for Upper Freeport coal, coal particle size is more important in determining the

process performance for Pittsburgh No. 8. This statistical analysis therefore provides further

support for data evaluation presented in Section 8.
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Table 12-5

INDEPENDENT VARIABLES IN DESCENDING ORDER OF INFLUENCE ON CMR

.!.ndependentVariable Coefficient t (3.

Upper Freeport

Frother addition 9.45 5,73 ~0
Residence time 5,23 3.17 0,002

Number of data points 65
Standard deviation oi regression 13,1
Test F 19.4

Significance level of F, (Or) "-0

Kentucky No. 9

Oil concentration 3.64 5.65 ~0
Frother addition 1,73 2.69 0,009
................ .,, .................................. . ...................................... _ ......................................

Number of data points 77
Standard deviation of regression 5.58
Test F 21,3

Significance level of F, (0_) -0

Pittsburgh No. 8

Coal particle size 1.77 2.86 0,009

Number of data points 24
Standard deviation of regression 2,96
Test F 8.16

Significance level of F, ((XF) 0.009
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Table 12-6

INDEPENDENT VARIABLES IN DESCENDING, ORDER OF INFLUENCE ON TSR
,'

t

t

:(= = .

, " ' _i¢

Independent Variable Co_,,,gi_'_n_._.. ' t (7.

Residence time -8,48 -5,13 -0
Frother addition -8,37 .4,63 0,00002
Coal % in flotation -4,70 -2,62 0,01

Number of data points 65
Standard deviation of regression 13,0,
Test F 23,1

Significance level of Ft (O_) --0

Kentucky No. 9

Frother addition .3,22 .3.84 0,0003
Coal partlcte size -3,15 -3,72 0.0004
Residence time -2,01 -2.27 0,026
Oil concentration -1.54 - 1.72 0.089

Number of data points 77
Standard deviation of regression 7,27
"lest F 10.7

Significance level of F, (Oq:) -0

, '

P_lttsburghNo. 8

Coal particle size .4,27 .3,8 0,001

Number o! data points 24
Standard deviation of regression 5,39
Test F 14,44

Significance level of Ft (Oq:) 0,001
J

!
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Table 12-7

INDEPENDENT VARIABLES IN DESCENDING ORDER OF INFLUENCE ON ISR

Independent Variable Coefficient t.._.Lm (z

Upper Freeport

Frother addition -8,75 -4,08 0,0001
Residence time .6.88 -3,51 0.0008
Coal % in flotation .5.22 -2.46 0.017

Number of data points 65
Standard deviation of regression 15.4
Test F 15.9

Significance level of F, (Oq=) -0

i

Kentucky._.N.o___.99

' Frother addition .4.22 -4,11 0,0001
Coal particte size .3.18 -3.10 0.0028
Residence time -2.73 -2,66 0,0096
......................... ............. ................................................ ......_ ..... . .................. _.. = ......

Number of data points ' 77
Standard deviation of regression 8,94
Test F 11,88

Significance level of F, ((_) -0

PittsburghNo, 8

Coal particle size .6.90 -3.68 0.0013

Number of data points 24
Standard deviation of regression 8,98
Test F 13,57

Significance level of F, (_) 0.0013
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13.0 TASK 5- FINAL CONCLUSIONS

This section summarizes the major conclusionswhich can be drawn from ali the activitiesunder

the Task 5 test program. Specific conclusions are documented for each category of testing untt

tn the appropriate sections,

Task 5 concentratedon the parallel development of agglomerationprocessesbased on diesel and

heptane, wlth particular emphasis on high-shearoperations. Bench-scalecontinuous processlng

units for diesel and heptane performed satisfactorily with good mass balances at the Alberta

Research Council.

Although there were small varlatlons In the operatingcondltlons and Intrinsicdifferences between

batch and continuous processing, lt has been observed that process responseswere similar and

data from these two modes of operation were comparable. An extensive comparison of the batch

and continuous data is summarized In Task 7 under process recommendations.

The results of the "Task5 test program show that the overall efficiency of pyrite rejection is

enhanced by using precleaned coal, with mtnimal sacrifice of BTU recovery. For the Upper

Freeport and Kentucky No, 9 project coals, pyrite rejection of 80% at 90% BTU recovery has

been achieved. For Pittsburgh No. 8 project coal, a pyrite rejection of 70% at 90% BTU recovery

has been observed. Clean coal ash contents were in the 6% to 8% range.

While the use of precleaned coal gives the best overall performance data, the effectiveness of

the agglomeration process on raw coals Is also demonstrated.

The performanceof the diesel and heptane process in the high-shear stage is highly comparable,

However, the operating conditions for these two prucesses are drastically different. The diesel

process uses coarser grinds (28/100 mesh), lower agglomerant concentration (1%), higher solids

content (20%), and flotation for microagglomerate recovery. The heptaneprocess requires finer

grind (200 mesh), higher agglomerant concentration (20%), lower solids contents (5-10%), and

screening for microagglomerate separation. While the diesel will remainwith the agglomerates,
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heptane must be recovered from the agglomerates and all other processing streams to comply

wlth environmental regulations and safety standards.

Work performed on the low-shear operation showed that 8% to 12% of binder is required for the

diesel process to produce handleable agglomerates. Prellrntnary comparison of batch and

oontlnuous low-shear data reveal that larger agglomerates are produced In the continuous

operation than In the batch unit, at the same binder level. Pelletizing at a 2-3% binder level

provides a good alternative for size enlargement. Laboratory tests on the pelletizing of high-shear

diesel microagglomeratesshowed very promising results,

Three processing options and two variants result from the Task 5 test program, The options have

been extensively evaluated for the POC module in Wilsonville, These process options are:

1. Diesel-pelletizing Option

Diesel-power Plant site (Variant)

2. Diesel-low shear option

3, Heptane-low shear option

Heptane-power plant site (Variant)
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Table AI,-1

FEED COAL ANALYSIS

Sub Total Sufatic Pyritic organic Calorific

coal Samp Date Moisture Ash % Sulfur Sulfur Sulfur Sulfur Value
Name No. % mf % nif % mf % mf % _tLf Btu/ib

Ill 1 9/15/89 10.00 17.40 5.44 .ll 3.40 1.93 11,670
Ill 3 11/01/89 9.08 19.60 4.78 .19 2.7]. i. 88 ii, 380

Ill 5 i0.00 17.00 5.14 .3]. 2.89 1.94 11,431
Ill 6 8.90 18.30 5.18 .46 2.81 i. 91

Ill 8.1 7/11/90 i0.20 i0.40 3.09 .06 .93 2.10 12,624
Ill 8.4 7/11/90 ll. 00 i0.70 3.07 .06 .92 2.09 12,567

Ill 8.8 7/11/90 i0.90 i0.60 3.09 .07 .93 2.09 12,654

Ill 8.A 7/11/90 10.70 10.60 3.07 .06 .92 2.09 12,628
Ill 8. C 11/07/90 i0.20 i0.70 3.08 .06 .93 2.09 12,658

Ill 812 7/11/90 I0.90 i0.60 3.04 .07 .88 2.09 12,638

Ill 9.1 9/19/90 i0.70 i0.70 3.20 .07 1.04 2.09 12,515
Ill 9.4 9/19/90 i0.40 i0.80 3.23 .07 i. 07 2.09 3.2,580

Ill 9.8 9/19/90 I0.30 ll. 00 3.18 .08 I. 02 2.08 12,62"7

Ill 9.A 9/19/90 10.40 10.90 3.20 .07 1.04 2.09 12,639

Ili 9. C 9/19/90 i0.20 10.60 3.21 .07 i. 05 2.09 12,708

Ill 912 9/19/90 i0.50 ll. 20 3.20 .07 I. 05 2.08 12,702

Ill 916 9/19/90 i0.30 i0.80 3.18 .07 i. 02 2.09 12,703
Ken 1.1 10/04/90 3. i0 15.20 4.98 .06 3.31 i. 61 12,962

Ken 1.4 10/04/90 3.20 15.50 4.74 .07 3.06 i. 61 12,814

Ken 1.8 10/04/90 3.30 15.50 4.85 .07 3.17 1.61 12,777
Ken I.A 10/04/90 3.20 15.50 4.83 .07 3.15 1.61 12,842

Ken 1. C 10/04/90 3.30 15.70 4.75 .07 3.08 i. 60 12,813

Ken 2.1 11/20/90 3.10 16.70 4.25 .03 2.96 1.26 12,569

Ken 2.4 11/20,/90 3.30 16.50 4.32 .03 2.75 i. 54 12,426
Ken 2.8 11/20/90 3.20 16.90 4.42 .04 2.94 1.44 12,567

Ken 2.A 11/20/90 3.20 ].6.90 4.35 .03 2.92 1.40 12,562

Ken 2. C 11/20/90 3.50 ]6.90 4.23 .03 2.89 1.30 12,616
}<en 2. W 4/08/91 2.70 9.20 2.73 .02 1.17 1.54

Ken 212 11/20/90 3.10 1",7.10 4.40 .03 2.97 1.39 12,654

Ken 216 11/20/90 3.00 17.10 4.48 .03 2.98 1.47 12,539

Ken 3.1 2/06/91 3.00 16.50 4.40 .05 2.83 1.53 12,493

Ken 3.4 2/06/91 2.90 16.40 4.33 .05 2.87 1.41 12,524

Ken 3.8 2/06/91 3.00 16.50 4.49 .05 2.86 I. 58 12,535
Ken 3.A 2/06/91 2.90 16.40 4.38 .05 2.86 1.47 12,524

Ken 3. C 2/06/91 2.80 16.50 4.37 .05 2 _88 I. 44 12,488

Ken 312 2/06/91 3.10 16.20 4.39 .06 3.13 1.20 12,543
Ken 316 2/06/91 2.70 16.50 4.31 .03 2.60 1.68 12,559
Ken 4.R 6/06/91 1.90 21.70 4.59 .ii 3.29 1.19

Ken 4. W 6/06/91 1.60 9.50 2.93 .06 i. 26 i. 61

Pit 1 9/13/89 3.90 12.50 4.32 .12 2.04 2.16 12,770
Pit i01 10/30/90 3. i0 i0.40 4.21 .07 I. 93 2.21

' Pit 104 ].0/30/90 3.10 I0.30 4.16 .07 1.88 2.21
Pit 108 10/30/90 3.00 i0.40 4.12 .07 i. 84 2.21

Pit 1OA 10/30/90 3.10 i0.40 4.17 .07 i.89 2.21 13,382
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Tab1e A1- 1 (Contt nued)

FEEDCOALANALYSIS

Sub Total Sufatic Pyritic Organic Calorific
Coal Samp Date M,Disture Ash % Sulfur Sulfur Sulfur Sulfur Value

Name No. % mf % mf % mf % mf % mf Btu/ib

Pit 10c 10/30/90 3 .40 I0.50 4 .21 .07 i. 93 2 .23.

Pit ll 4/24/91 2 .90 9.90 4.25 .ll i. 24 2 .31 13,215
Pit 1].2 10/30/90 2.90 i0.30 4 .16 .07 1.88 2 .21
Pit 116 10/30/90 2.90 i0.30 4,17 .07 i. 89 2.21

Pit lR 11/07/90 3.00 24.30 4.95 .04 3.04 1.87 11,I12

Pit IW i1/07/90 2.70 10.90 4.83 .34 2.29 2.20 13,443

Pit 3 11/01/89 4 .20 12 .60 4 .54 .15 2 .23 2 .16 12 ,510

Pit 5 3 .50 ii. 80 4 .20 .13 i. 89 2 .18 12 ,790
Pit 6 3 .1.0 ii. 80 3 .81 .30 I. 33 2 .18
Pit 7 3 .30 12 .l0 4 .09 .32 i. 60 2 .17

Pit 8.1 7/11/90 2.70 i0.00 4.19 .07 1.90 2.22 13,404

Pit 8 .4 7/11/90 2 .80 I0 .00 4 .23 .07 1 .94 2 .22 13 ,375
Pit 8 .8 7/11/90 2 .80 l0 .i0 4 .21 .07 I. 92 2 .22 13 ,420

Pit 8.A 7/11/90 2.70 I0.i0 4.24 .07 1.95 2.22 13,341

Pit 8. C 7/11/90 2.40 i0.20 4.35 .06 2.08 2.21 ].3,133

Pit 812 7/11/90 2.70 10.10 4.24 .07 1.95 2.22 13,387
Pit 816 7/11/90 2.70 i0. i0 4.23 .06 I. 95 2.22 13,328

Pit 9.1 9/19/90 2.40 i0.50 4.53 .14 2.18 2.21 13,210

Pit 9.4 9/19/90 2.30 10.50 4.45 .14 2.10 2.21 13,21.3
Pit 9.8 9/19/90 2.20 i0.40 4.44 .14 2.09 2.23. 13,224

Pit 9.A 9./19/90 2.40 10.50 4.47 .15 2.11 2.21 13,205

Pit 9. C 9/19/90 2.60 I0.60 4.51 .16 2.15 2.20 13,126

Pit 912 9/19/90 2.20 I0.40 4.43 .]5 2.07 2.21 13,2].7

Pit 916 9/19/90 2.60 i0.50 4.46 .16 2.09 2.21 13,241
Pit 98 6/21/90 i0.91 i0.57 3.09 .07 .81 2.21
Pit 99 6/21/90 10.90 i0.65 3.04 .0'7 .77 2.20

Ufp 1 9/19/89 1.40 12.40 2.37 .0'7 1.70 .60 13,440

Ufp i01 2/06/91 2.40 15.60 2.24 .14 I. 58 .52 12,855

Ufp 104 2/06/91 2.30 15.60 2.20 .14 I. 54 .52 12,813

Ufp 108 2/06/9i 2 .30 ]6.20 2 .27 .14 i. 56 .57 12 ,821

Ufp 10A 2/06/91 2 .30 15 .80 2 .24 .14 i. 56 .54 12 ,832
Ufp 10C 2/06/91 2.00 15.80 2.25 .14 1.57 .54 12,840

Ufp II 4/24/91 2 .30 14 .30 2 .18 ._15 I. 39 .64 13 ,002
Ufp 12H 7/04/91 i. 30 16.30 2.22 .08 i. 61 .53

Ufp 12R 7/04/91 1.50 16.20 2.28 .10 1.65 .54
Ufp 12W 7/04/91 i. 40 11.80 i. 38 .06 .79 .53

Ufp 3 11/01/89 I. 80 12 .40 2 .42 .09 i. 73 .60 13 ,451

Ufp 5 1 .70 12 .90 2 .27 .09 I. 58 .60 13 ,356
Ufp 6 i. 30 13 .00 2 .30 .20 i. 5C) .60

Ufp 8.1 7/11/90 2.30 14.40 2.14 .Ii 1.44 .59 13,105
Ufp 8 .4 7/11/90 2 .20 14 .50 2 .21 .ii 1 .52 .58 13 ,020

Ufp 8.8 7/11/90 2.30 14.40 2.18 .i0 1.49 .59 13,052 '

Ufp 8.A 7/11/90 2.20 14.40 2.19 .ii 1.49 .59 13,061

Ufp 8. C 7/11/90 2.20 14.40 2.22 .Ii i. 52 .59 13,040

Ufp 812 7/11/90 2.20 14.40 2.18 .ii 1.48 .59 13,074
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Table A1-1 (Continued)

FEEDCOALANALYSIS

Sub Total Sufatlc Pyritio Organic Calorific
Coal Samp Date Moisture Ash % Sulfur Sulfur Sulfur Sulfur Value

Name No. % mf % mf % mf % mf % mf Btu/lh

Ufp 816 7/i1/90 2 .20 14 .40 2 .18 .i0 i. 49 .59 13 ,077
Ufp 9 ,1 9/19/90 i. 50 15.40 2 .32 .18 i, 56 .58 12 ,831

Ufp 9 ,4 9/19/90 i. 80 15. i0 2 .29 .18 I. 53 .58 12 ,836

Ufp 9 .8 9/19/90 2 .00 15.20 2 .34 .18 i. 58 .5B 12 ,866
Ufp 9 .A 9/19/90 1.80 15.20 2.32 .18 i. 56 .5£I 12 ,824

Ufp 9.C 9/19/90 2.10 14.70 2.26 .17 1.51 .58 12,945

Ufp 91,2 9/19/90 1 ,60 15 .30 2 .39 .18 i. 63 .58 12 ,840
Ufp 916 9/19/90 1.80 15.40 2.34 .17 1.59 .58 12,623
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Table A1-2

COALGRINDINGDATA

Grind Coal Name Grind 'rime Percent Percent Topsize D-50 Test

ID & Batch # Method min Solids Passing Mesh mm Used
_mun

1 Iii-8 wet 13 20 28 .124 Y

2 Iii-8 wet 3 5 28 .125 Y

3 Ill-8 wet 47 20 200 .030 Y

4 Iii-8 wet 14 5 200 .025 Y
5 Pit-8 wet 13 20 28 .124 Y

6 Pit-8 wet 52 20 200 .029 Y

7 Pit-8 wet 3 5 28 .120 Y
8 Pit-8 wet 12 5 200 .028 Y

9 Ufp-8 wet 27 20 200 .027 Y
i0 Ufp-8 wet 7 5 200 .027 Y

ii Ufp-8 wet 4 20 28 .129 Y

12 Ufp-8 wet 1 5 28 .128 Y
13 Pit-8 wet 22 i0 200 ,029 Y

14 Pit-8 wet 36 15 200 .028 Y

15 Ufp-8 wet 15 i0 200 .025 Y
16 Ufp-8 wet 24 15 200 .025 Y
17 Iii-8 wet 25 i0 200 .029 Y

18 Iii-8 wet 39 15 200 .028 Y
19 Pit-9 wet 13 20 *** 28 .131 Y

20 Pit-9 wet 54 20 99 200 .028 Y

21 Ufp-9 wet 6 20 98 28 .128 Y
22 Ufp-9 wet 27 20 96 200 .028 y
23 Iii-9 wet 14 20 99 28 .120 Y

24 Iii-9 wet 55 20 97 200 .030 y
25 Pit-9 wet 29 20 97 i00 .058 Y

26 Ufp-9 wet 16 20 96 I00 .058 Y
27 IIi-9 wet 28 20 98 i00 .059 Y

28 Pit-9 dry 28 .125 Y
29 Pit-9 dry 200 .042 Y

30 Pit-9 dry.w 28 .120 Y

31 Pit-9 dry.w 200 .044 Y
32 Ken-i wet 9 20 99 28 .125 Y

33 Ken-I wet 48 20 99 200 .022 Y

34 Ken-I dry 28 ,130 Y

35 Ken-i dry 200 .039 y

36 Ufp-9 WET 7 5 98 200 .024 A
37 Pit-10 WET 14 20 97 28 .121 E
38 Pit-10 WET 54 20 99 200 ,026 E

39 Pit-i WET I0 20 98 28 .132 RAW

40 Pit-I WET 50 20 i00 200 ,020 RAW
41 Pit-i WET 12 20 99 28 .124 WAS

42 Pit-i WET 54 20 99 200 .023 WAS

43 Pit-10 WET 12 5 99 200 .025 E

44 Ken-i WET 2 5 97 28 .128 W

45 Ken-i WET 9 5 97 200 .027 W
46 Pit-i WET 12 5 i00 200 .023 W

47 Pit-I WET ll 5 99 200 .021 R

48 Pit-10 WET 36 20 98 I00 .065 E

49 Pit-10 WET 6 5 97 i00 .060 E

50 Ken-2 WET 46 20 98 200 .023 W

51 Ken-2 WET 9 5 96 200 .027 W

52 Ken-2 WET ii 20 97 28 .113 W
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Table AI-2 (Continued)

COAL GRINDINGDATA

Grind Coal Name Grind Time Percent Percent Topsize D-50 Test
ID & Batch # Method min Solids Passing Mesh mm Used

53 Ken-2 WET 2 5 95 28 .112 W
54 Ken-2 WET 23 20 96 100 .067 W

55 Kent2 WET 6 5 97 I00 .068 W

56 Ufp-9 WET 4 5 99 I00 .056 A
57 Ufp-10 WET 6 20 96 28 .114 A

58 Ufp-10 WET 17 20 96 I00 .062 A

59 Ufp-10 WET 27 20 96 200 .025 A

60 Ufp-10 WET 2 5 96 28 .119 A
61 Ufp-10 WET 5 5 99 I00 .058 A

62 Ufp-10 WET 7 5 98 200 .024 A
63 Ken-3 WET ii 20 98 28 .129 E

64 Ken-3 WET 24 20 96 I00 .061 E
65 Ken-3 WET 46 20 99 200 ,023 E

66 Ken-3 WET 3 5 99 28 .105 E

67 Ken-3 WET 6 5 99 i00 .068 E
68 Ken-3 WET 13 5 99 200 .021 E

69 Ufp-ll WET 7 20 97 28 .128 E

70 Ufp-ll WET 17 20 96 i00 .065 E

71 Ufp-ll WET 31 20 96 200 .026 E
72 Ufp-ll WET 7 5 97 200 .023 E
73 Pit-ll WET 12 20 97 28 .131 E

74 Pit-ll WET 36 20 99 i00 .065 E
75 Pit-ll WET 54 20 98 200 .026 E

76 Pit-ll WET 12 5 99 200 .023 E

77 Ken-3 WET Ii 20 98 28 .131 E
78 Ken-3 WET 26 20 97 I00 .064 E

79 Ken-3 WET 50 20 98 200 .030 E

80 Ken-4 WET 13 20 96 28 .124 R
81 Ken-4 WET 27 20 96 i00 .066 R

82 Ken-4 WET 48 20 98 200 .026 R

83 Ken-4 WET 50 20 95 200 .029 W
84 Ken-4 WET 14 20 96 28 ,136 W

85 Ken-4 WET 30 20 96 i00 ,069 W

86 Ken-4 WET 12 5 97 200 .022 R

87 Ken-4 WET 13 5 99 200 ,024 W

88 Ufp-12 WET 8 20 98 28 .133 R
89 Ufp-12 WET I0 20 99 28 o12_ Pr

90 Ufp-12 WET 9 20 98 28 .132 H

91 Ufp-12 WET 23 20 99 i00 .064 R

92 Ufp-12 WET 23 20 99 I00 .067 Pr
93 Ufp-12 WET 25 20 99 I00 .072 H

94 Ufp-12 WET 33 20 97 200 .026 R

95 Ufp-12 WET 35 20 96 200 .025 Pr

96 Ufp-12 WET 39 20 98 200 .029 H
97 Ufp-12 WET 7 5 98 200 .027 R

98 Ufp-12 WET 7 5 96 200 .029 Pr

99 Ufp-12 WET 8 5 99 200 .024 H

I00 Ill-i wet 6 20 99 28 .113 y
I01 Ill-i WET 25 20 95 200 .026 Y

102 Ill-3 wet 7 20 96 28 .137 y

103 Iii-3 wet 30 20 93 200 .027 y
104 IIi-6 wet 9 20 97 28 .136 y

105 Iii-6 wet 39 20 95 200 .028 y
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Table A1-2 (Continued)

COALGRINDINGDATA

Grind Coal Name Grind Time Percent Percent Topsize D-50 Test
ID & Batch # Method min Solids Passing Mesh mm Used

106 Iii-6 wet 15 5 99 200 .023 y
107 Pit-i wet 6 20 99 28 .127 y

108 Pit-i wet 26 20 93 200 .031 y

109 Pit-3 wet 7 20 '97 28 .102 y

II0 Pit-3 wet 30 20 92 200 .027 y
iii Pit-6 wet 8 20 97 28 .123 y

112 Pit-6 wet 36 20 92 200 .030 y

113 Pit-6 wet 15 5 99 200 .023 y
114 Ufp-i wet 5 20 99 28 .138 y

115 Ufp-i wet 20 20 98 200 .020 yu

116 Ufp-3 wet 6 20 98 28 .i00 y

117 Ufp-3 wet 25 20 94 200 .023 y
118 Ufp-6 wet 4 20 97 28 .126 y

119 Ufp-6 wet 25 20 96 200 .023 y

120 Ufp-6 wet 6 5 97 200 .022 y
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Table A2-7
I

i

J CALCULATEDFEEDPROPERTIES
r Flow Dry Calc Calc HS Oil

Run _ Setlpoint , gm/min Moist Ash% TS% SC% Rate PS% Btu-lb Conc.

1 1 147.93 .50 14.70 2.16 35 51.23 1.61 12861 .82
1 2 150.18 .40 14.30 2.05 34 51.41 1.50 12927 1.81

1 3 I 149.58 .40 14.30 1o94 34 50.71 1.39 12927 2.86
1 4 ],49.28 .30 14,80 2.33 34 50.80 1.78 12845 1.34

1 5 148.44 .35 14.45 2.03 33 49.61 1.48 12902 .85

1 6 147.55 .40 14.10 1.92 ' 33 48.28 1.37 1296, .87
1 7 146.83 .40 14.10 2.03 32 47.03 1.48 12960 ,89

3 1 ].58.30 .40 15.80 1,91 28 44.29 1.37 12679 1.26

3 2a 158.80 1.00 16.00 2.12 29 45.64 1.58 12646 1 0i
3 2b 158.80 1.00 16.00 2.12 29 45.64 1.58 12646 I.i0

3 3a! 158.70 i.i0 15.80 1.93 29 46.53 1.39 12679 1.05
3 3b 158.70 i.i0 15.80 1.93 29 46.53 1.39 12679 1.05

3 4 i! 151.35 .90 16.70 1.93 28 42.47 1.40 12529 1.06

3 5 151.35 1.00 15.10 1.93 28 41.82 1.39 12795 1.53
3 6 ! 150.30 .30 15.10 1.78 27 41.29 1.24 12795 1.55

3 7 151.00 .40 15.20 1.81 27 41o49 1.27 12778 1.66
4 1 159.80 °70 15.50 2.02 29 45.91 ]..48 12729 1.42

4 2a 159.80 .70 15..50 2.02 29 45.91 1.48 12729 1 42
4 2b 159.80 .70 15.50 2.02 29 45.91 1.48 12729 1.42

4 3-1A 160.37 .50 1.98 1.98 29 45.80 1.35 14902 1.00

4 3b 160.37 .50 15.40 ]..98 29 46.03 1.44 12745 1.00
4 4 _ 160.39 .40 15.30 1.99 28 45.68 1.45 12762 1.01

4 5a 157.70 .50 15,60 2.00 29 44.96 1.46 12712 1,25

4 5b 156.63 .60 15.50 1.93 28 44,.47 1.39 12729 1.26
5 1 155.10 .90 15.60 2.19 30 46.89 1.65 1273,2 .96

5 2a 156.10 .60 15.60 2.18 30 46.99 1.64 12712 1,00
5 2b 156.10 .60 15.60 2 18 30 46.99 1.64 12712 .98

5 3a 154.00 .60 15.40 2.12 30 45.65 1.58 12745 1.03

5 3b 154.00 .60 15.40 2.12 30 45.65 1.58 12745 .99
5 4 156.50 .60 15.10 1.96 30 46.23 1.42 12795 1.00

5 5 158.30 .60 14.80 2.07 29 46.21 1.52 12845 1.45

6 lA 156.90 .80 14o60 1.91 29 45.92 1.36 12878 1,48
6 IB 156.90 .80 14.60 1.91 29 45.92 1.36 12878 1.52

6 2 ],57.40 .60 14.20 1.92 29 45.65 1.37 12944 1.49
6 3 157 i0 .40 14.20 1.99 27 43.09 1.44 12944 1.58

7 lA 1.60.90 .50 15.70 1.77 31 49.62 1.23 12695 1.45
7 IB 160.90 .50 15.70 1.77 31 49.62 1.23 12695 1.45

7 2A 161.20 .60 15.70 1.92 30 4G.15 1.38 12695 .96
7 2B 161.20 .60 15.70 1.92 30 48.10 1.38 12695 .96

8 1 162.30 .60 16.20 1.89 28 45.74 1.35 12612 1.22

8 2 161.90 1.30 16.40 2.03 28 45.45 1.49 12579 1.34

8 3 162.50 .70 16.30 2.00 28 44.93 ]..46 12596 .98
9 l-ud 296.65 .50 16.30 2.17 24 71.73 1.63 12596 1.00

9 2-ud 296.65 .50 ].630 2.17 24 71.73 1.63 12596 1.00

9 3-ud 296.65 .50 16.30 2.17 24 71.73 1.63 12596 1.00
9 4-ud 296.65 .50 16.30 2.17 24 71.73 1.63 12596 1.00

i0 l-ud 268.40 .90 17.20 2.81 30 79.53 2.28 12446 .99

i0 2-ud 268.40 .90 17.20 2.81 30 79.53 2.28 12446 .99
I0 3-ud 268.40 .90 17.20 2.81 30 79.53 2.28 12446 .99

i0 4-ud 268.40 .90 17.20 2.81 30 79.53 2.28 12446 .99

II l-ud 280.00 .90 17.20 2.81 30 82.97 2.28 12446 .93

ii 2-ud 280.00 .90 17.20 2.8] 30 82.97 2.28 12446 .90

Ii 3-ud 280.00 .90 17.20 2.81 30 82.97 2.28 12446 1.06
12 l-ud 297.80 1.00 14.80 2.05 30 88.60 1.50 12845 .91

12 2-ud 297.80 i.00 14.80 2.05 30 88.60 1.50 12845 .91

12 3-ud 297.60 1.00 14.80 2.05 30 88.60 1.50 12845 .91

12 4-ud 297.60 1.00 14.80 2.05 30 88.60 1.50 12845 .91

12 5-ud 297.80 1.00 14.80 2.05 30 83.60 1.50 12845 .91
12 6-ud 297.80 1.00 14.80 2.05 30 88.60 1.50 12845 .91

12 7-ud 297.80 1.00 14.80 2.05 30 88.60 1.50 12845 .91
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,TableA2-7 (Continued)

CALCULATED FEED PROPERTIES

Flow Dry Calc Calc HS Oil

Run # Setpoint gm/min Moist Ash% TS% SC% Rate PS% Btu-lb Conc.

13 I-KD 322.38 1.10 17.40 3.87 27 86.0B 2.41 12054 _96
13 2-KD 320.00 i.i0 17.40 3.87 27 85.45 2°41 12054 1.14

13 3-KD 325.55 i.i0 17.40 3.87 27 86.93 2.41 12054 1.08
13 4-KD 327.79 I.i0 17.40 3.87 27 8'7.53 2.41 12054 i.ii

13 5-KD 325.99 I.I0 17.40 3.87 27 87.05 2.41 12054 ,96

14 I-KD 245.00 i. I0 16.07 3.66 3] 75.11 2.17 12261 1.24
14 2-KD 239.20 i. I0 16.07 3.66 31 73.32 2.17 12261 1.13

14 3-KD 267.70 i.i0 16.07 3.66 31 82.08 2.17 12261 1.01

14 4-KD 246.60 i.i0 16.07 3.66 31 75.61 2.17 12261 .99
14 5-KD 239.20 i.i0 16.07 3.68 31 73.33 2.19 12261 1.04
14 6-KD 279.70 i. I0 16.07 3.66 31 85.76 2.17 12261 .96

15 I-KD 273.00 1.20 18.15 3.93 28 76.87 2.48 11936 1.03

15 2-KD 273.00 1.20 18.15 3.93 28 76.87 2.48 11936 1.04

15 3-KD 273.00 1.20 18.15 3.93 28 76.87 2.48 11936 1.04
15 4-KD 273.00 1.20 18.15 3.93 28 76.87 2.48 1].936 1.04

15 5-KD 273.00 1.20 18.15 3.93 28 76.87 2.48 11936 1.04
15 6-KD 273.00 1.20 18.15 3.93 28 76.87 2.48 11936 1.04

16 I-UH 154.40 0.00 15.80 1.98 30 46.32 1.44 12679 8.42

16 2-UH 154.40 0.00 15.80 io98 30 46.32 1.44 12679 13.60
17 I-UH 152.00 0.00 15,80 1.98 30 45.60 1.44 12679 28.51

18 I-UH 152.00 0.00 15.80 1.98 30 45.60 1.44 12679 28.51
19 I-UH 152.00 0.00 15.80 1.98 30 45.60 1.44 12679 28.51

20 I-KD 282.29 1.00 17.20 3.95 23 65.76 2.48 12085 1.22
20 2-KD 282.29 1.00 17.20 3.95 23 65.76 2.48 12085 1.02

20 3-KD 282.29 1.00 17.20 3.95 23 65.76 2.48 12085 1.28

20 4-KD 282.29 1.00 17.20 3.95 23 65.76 2.48 12085 1.06
21 5-KD 281.60 1.30 18.00 3.95 37 104.42 2.50 11960 I.II

21 6-KD 281.60 1.30 18.00 3.95 37 104.42 2.50 11960 .91
21 7-KD 281.60 1.30 18.00 3.95 37 104.42 2.50 11960 1.12

21 8-KD 281.60 1.30 18.00 3.95 37 104.42 2.50 11960 .87

22 10-KD 287.57 1.40 18.80 4.44 29 82.69 3.00 11834 1.03
22 II-KD 287.57 1.40 18.80 4.44 29 82.69 3.00 11834 1.29

22 12-KD 287.57 1.40 18.80 4.44 29 82.69 3.00 11834 1.00

22 9-KD 287.57 1.40 18.80 4.44 29 82.69 3.00 11834 1.25
23 13-KD 277.00 1.30 19.40 4.66 30 82.02 3.23 11739 1.27

23 14-KD 277.00 1.30 19.40 4.66 30 82.02 3.23 11739 1.04
23 15-KD 277.00 1.30 19.40 4.66 30 82.02 3.23 11739 1.28

23 16-KD 277.00 1.30 19.40 4.66 30 82.02 3.23 1.1739 1.02
24 17-KD 227.18 1.50 17.93 3.76 36 82.52 2.31 11971 1.31

24 18-KD 227.18 1.50 17.93 3.76 36 82.52 2.31 11971 1.27

24 19-}<D 227.18 1.50 17.93 3.76 36 82.52 2.31 11971 .99

24 20-KD 227.18 1.50 17.93 3.76 36 82.52 2.31 11971 .97
24 21-KD 227.18 1.50 17.93 3.76 36 82.52 2.31 11971 .99

25 22-KD 277.00 i.i0 19.00 4.30 30 82.19 2.87 11802 1.29
25 23-KD 277.00 i.i0 19.00 4.30 30 82.19 2.87 11802 1.29

25 24-KD 277.00 i.i0 19.00 4.30 30 82.19 2.87 11802 1.06

26 I-PD 171.26 1.80 9.20 3.77 31 52.85 1.53 13345 1.02
26 2-PD 171.26 1.80 9.20 3.77 31 52.85 1.53 13345 1o04

26 3-PD 1'71.26 1.80 9.20 3.77 31 52.85 1.53 13345 1.04

26 4-PD i]1.26 1.80 9.20 3.77 31 52.85 1.53 13345 1.21

26 5-PD 1'71.26 1.80 9.20 3.77 31 52.85 1.53 13345 1.17
26 6-PD 171.26 1.80 9.20 3.77 31 52.85 1.53 13345 1,23

27 I-PD 169.22 1.60 10.30 3.95 29 48.69 1.73 13131 1.03

27 2-PD 169.22 1.60 10.30 3.95 29 48.69 1.73 13131 1.01

27 3-PD 169.22 1.60 10,30 3.95 29 48.69 1.73 13131 1.03
27 4-PD 169.22 1.60 i0.30 3.95 29 48.69 1.73 13131 1.25

27 5-PD 169 22 1.60 10.30 3.95 29 48.69 1.73 13131 1.25

27 6-PD 169.22 1.60 10.30 3.95 29 48.69 1.73 13131 i_25

28 I-KD 170.00 1.40 18.20 4.00 30 50.79 2.55 11928 1.08

28 2-KD 170.00 1.40 18.20 4.00 30 50.79 2.55 11928 1.08
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Table A2-7 (Continued).

CALCULATED FEED PROPERTIES

Flow Dry Calc Calc HS Oil

Run # Setpoint gm/min Moist Ash% TS% SC% Rate PS% Btu-lb Conc,

28 3-KD 170.00 1,40 18, 20 4.00 30 50.79 2.55 11928 1.26
29 I-KD 172,40 1.50 18.50 4.12 29 50.78 2.68 11881 1.02

/29 2-KD 172.40 1.50 18.50 4.12 29 50.78 2.68 11881 1.02

29 3-KD 172.40 1.50 18.50 4.12 29 50.78 2.68 11881 1.20
30 I-UD 167.00 1.60 13.80 1.77 26 42.68 1.22 13009 1.01

30 2-UD 167.00 1.60 13.80 io77 26 42.68 1.22 13009 1.03
30 3-UD 167.00 1.60 13,60 I..77 26 42.68 1.22 13042 1.27

31 I-UD 204.00 1.40 15.80 2.01 25 50.09 1,47 12679 1.04

31 2-UD 204.00 1.40 15.80 2.01 25 50.09 1.47 12679 1.06
31 3-UD 204.00 ]..40 15.80 2.01 25 50.09 1.47 12679 1.30

34 1-PH 265.00 3..i0 i0.40 3.80 21 55,78 1.59 13112 9.20

34 2-PH 270.80 1,20 i0.50 3.80 2] 57.01 1.59 13092 9,10
34 3-PH 270.80 I.i0 i0.50 3.80 21 57.07 1.59 13092 18.29

34 4-PH 273.00 [L.10 i0.40 3,80 21 57.56 1.59 1.3112 17.86

34 5-PH 273.20 i.i0 10.50 3.70 21 57,56 1.49 13092 17.86
34 6-PH 273.60 I.I0 10.40 3.80 21 57.66 1.59 13112 8.69

35 I-UH 269.80 .80 15.30 2.10 27 73,90 1.56 12762 12.16
35 2-UH 209.70 .80 15.30 2.10 35 73.80 1.56 12762 23.58

36 I-UH 196.05 .80 15.30 2.10 27 53.37 1.56 12762 ii.84
36 10-UH 263.00 .80 15.30 2.10 21 56.15 1.56 12762 18.88

35 II-UH 261.50 .80 15.30 2.10 21 56,15 1.56 12762 27.78

36 12-UH 258.00 .80 15.30 2.10 22 56.15 1.56 12762 9.26

36 13-UH 263.80 .80 15.30 2.10 21 56.15 1.56 12762 18.70
36 14-UH 263.80 .80 15.30 2.10 21 56.15 1.56 12762 9.15

36 15-UH 263.90 .80 15,30 2.10 21 56.15 1.56 12762 18.70
36 2-UH 196.05 .80 15.30 2.10 27 52.28 1.56 12762 19.32

36 3-UH 197.00 .80 15.30 2.10 28 56,05 1.56 12762 9.46

36 4-UH 200.00 .80 15.30 2.10 28 56.05 1.56 12762 18.20
36 5-UH 206.59 .80 15.30 2.10 27 56.15 1.56 12762 9.21

36 6-UH 266.00 .80 15.30 2.10 21 56,15 1.56 12762 13.00
36 7-UH 263.00 ,80 15.30 2.10 21 56.15 1.56 12762 27.25

36 8-UH 260.00 .80 15.30 2.10 22 56.15 1.56 12762 26.72

36 9-UH 259.60 .80 15.30 2.10 22 56.15 1.56 12762 9.55
37 I-KH 270.00 .90 18.00 4.00 22 58.57 2.55 I1960 8.59

37 2-KH 268.72 .90 18.00 4.00 21 57.38 2.55 11960 9.32

37 3-KH 268.00 .90 18.00 4.00 22 58,17 2.55 11960 17,76
37 4-KH 261.50 .80 18.30 4.04 22 57.83 2.59 11912 9.27

37 5-KH 265.14 .90 18.00 4.02 22 57,97 2.57 11960 18.72

37 6-KH 245.00 .90 17,40 3.94 22 53.41 2.48 12054 20.24

37 7-KH 261.00 .90 18.00 4.00 22 56.88 2.55 11960 19.02
37 8-KH 261.16 .90 18.00 4.00 22 56.98 2.55 11960 9.62

37 9-KH 259.70 .90 18.00 4.00 22 56.59 2.55 11960 18.56
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_' Table A2-8

CALCULATED FLOTATION PRODUCT PROPERTIES

Set Cal _ Ash TS PS TS PS

_un ; point Sample Yield Btu CmRec PS% Rej Rej Rej Red Red SC%
. ! ! .... ! ! I i I i i _ ! I i I ! ! i I I i i ! _ i I ! I I I _ ! _ I ! I ! I

1 1 1 0.00 0 0.00 .73 ***** ***** *_*** 43.15 57,75 0.0

1 1 2 74.25 81 80.17 ,70 60.10 55.66 67.77 44.69 59.80 28.4
1 1 3 74.79 81 80.93 .68 60.83 56.03 68.53 45.66 61.11 28.7

20 I-KD 1 93.27 I00 99.58 1.83 37.09 19.95 31.47 19.61 31.18 11.9
20 2-KD 1 93.15 99 98,89 1.86 34.47 19.35 30.10 18.44 29.32 10,,6

20 3-KD 1 92.51 1O0 99.99 1.68 43.53 23,65 37.60 23,65 37.60 16.4

20 4-KD 1 91.79 10r,. 99.99 1.50 47.70 27.96 44.45 27.96 44.43 16.0
23 5-KD 1 90.33 98 97.49 1.91 42.29 20.42 30.82 18.37 29.04 20.8

21 6-KD 1 85.71 94 93.13 1.77 48.10 27.31 39.18 21.95 34.70 37.2

21 7-KD 1 87.22 95 94.99 1.61 48.15 29.56 43.82 25.84 40.85 25.0
21 8-KD 1 83.90 92 91.99 1.45 52.92 35.43 51.35 29.80 47.11 22.4

22 10-KD 1 86.51 94 93.65 1.92 44o32 32.20 44.56 27.60 40.80 14.7
22 II-KD 1 85.31 93 92.66 1.92 46.46 33.14 45.48 27.84 41.17 13.3

22 12-KD 1 83.60 92 91.22 1.76 49.31 37.30 50,95 31.26 46.23 13.5
22 9-KD 1 85.98 94 93.50 1.83 46.49 34,35 47.68 29.79 44.05 14.5

23 13-KD 1 87.95 96 95.04 1.89 41.52 35.27 48.64 31.89 45.96 12.3
23 14-KD 1 89.89 98 97.80 2.04 43.01 30.75 43.35 29.20 42.08 16.4
23 15-KD 1 89.76 I00 99.12 1.80 49.10 34.89 49.90 34.31 49.45 16.4

23 16-KD 1 _7.27 97 96.,80 1,69 51.81 38.69 54.35 36.66 52.84 16.0

24 17-KD 1 90.55 99 98.41 1.69 45_46 21.25 33.63 19.98 32.56 19,9

24 18-KD 1 89,28 97 96.93 1.72 45,72 21.64 33,33 19.16 31.22 20,1
24 19-KD 1 89.60 97 96°95 I,.82 44.03 19.22 29.3,9 16.67 27.17 31.5

24 20-KD 1 88.50 97 96.30 1.74 47.19 21.86 33.28 18.85 30.72 20,9

24 21-}<D 1 87.70 95 95,00 1.75 45.71 22.56 33.62 18.49 30.12 22.3
25 22-KD 1 92.17 i00 99.79 1.99 40.33 24.12 36°08 23.96 35.95 14.8

25 23-KD 1 91.51 i00 99.08 2.02 40.76 24.02 35,58 23.32 34.98 14.5

25 24-KD 1 92o11 i00 99.84 1.96 40.86 24.81 37.15 24,69 37.05 16.6
26 I-PD 1 91.60 94 93.32 1.24 25.32 14.47 25.91 8.35 20.61 13,5

26 2-PD 2 97.92 i00 99.43 1.37 16.98 5.20 11.99 4.65 11.49 15.5
26 3-PD 3 96.93 i00 98,96 1.43 23.09 4.35 9.22 3.35 8.27 24.6

26 4-PD 4 95.29 98 97.18 1.37 23.35 7.49 14.35 4.80 ii.86 13,5

26 5-PD 5 95.66 97 96.82 1.40 15.78 6.88 12.30 3.82 9.42 13.0
26 6-PD 6 97.03 99 98.84 1.32 20.90 7.35 16.44 6.26 15.46 18.0

27 I-PD 1 94.45 97 96.35 1.37 22.05 13.20 25.40 9.91 22.57 i0,4

27 2-PD 2 94.60 98 97.03 1.50 26.52 9.71 18.31 6.94 15,81 2]..6
27 3-PD 3 94.66 97 96.56 1.48 21.88 10.37 19.23 7.18 16.35 14,8

27 4-PD 4 92.57 96 94.94 1.32 28.10 15,87 29.68 i1.39 25.93 13.2

27 5-PD 5 92.63 96 95.11 1.40 28.95 13.94 25° 49 9.51 21.66 17.3

27 6-PD 6 93.66 97 96.06 1.48 27.25 11.08 20.21 7.44 16.94 21.8
28 I-KD 1 78.9] 85 84.99 i, 69 48.40 35.88 47.73 24.56 38.49 13.6

28 2-KD 2 89.55 97 96.88 1.73 43.42 26.12 39.17 23.75 37.22 22,9

28 3-KD 3 89.06 97 96.79 1.59 45.68 29.64 44.64 27.31 42.80 18.8

29 I-KD 1 85.56 95 94.38 1.56 53,29 34.59 50.19 30.69 47.22 2].,6
29 2-KD 2 88. i0 96 95.56 2.05 44.76 22.80 32.70 19.22 29.57 16.4

29 3-KD 3 85.27 95 94.27 i. 56 54.37 34.81 50.47 30.84 47.46 23.2
30 I-UD I 92.69 99 98.61 .78 44.25 28.25 40.42 27.24 39.58 27,5

30 2-UD 2 95.00 98 98.20 i. Ii 24.96 9.83 13.46 8.17 11.88 28,2

30 3-UD 3 9].. 84 98 9"7.69 ,80 45.30 27.88 39.49 26.17 38.06 27.2
31 I-UD 1 64.13 70 70.00 .63 67.12 61.07 72,45 44,39 60.65 27.1

31 2-UD 2 93.65 98 97.65 i.i0 27.69 22,66 30.10 20.80 28.42 18.7

31 3-UD 3 81.27 88 87.].6 .72 50.10 47.44 60.11 39.69 54.23 17,3
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Table A2-9

CALCULATED SECOND STAGE FLOTATION PRODUCT PROPERTIES

Set Calc Ash TS PS TS PS

hun # point Sample Yield Btu CmRec PS% Rej Rej Rej Red Red SC%

1 1 1 70 58 77 76.95 .56 66.39 62.09 75.30 50.74 67.91 38.3

1 1 2 68,57 75 74.68 .61 66°88 61.91 74.28 48.99 65.56 23.&
1 1 3 71,35 78 77.96 .57 66.99 61.35 74.65 50.42 67.48 25.1

1 1 4 71.02 78 77.68 .54 67.63 62.52 76.11 5]..75 69.25 18.4
1 1 5 70,70 78 77.41 .53 68.26 63.02 76.69 52.22 69,88 18,4

1 1 6 67.74 75 74.25 .55 70.05 63.93 76,85 51.43 68,82 20.8

1 1 7 68,06 75 74,61 .49 69.90 65,65 79,27 53.96 72.21 21.4
1 1 8 67.79 75 74.31 .52 70.02 64.85 78.09 52.70 70.52 20.2

1 2 1 85.40 93 92.58 ,70 57.60 46.26 60.45 41.95 57.27 23.6
1 3 1 87.33 94 93.74 .71 51.15 41.48 55.37 37°58 52.39 28.5

1 4 1 72,13 79 78.73 .53 65.88 65,02 78.39 55.57 72.55 27.9

1 5 1 73.73 81 80.06 ,50 63.77 60o41 75.36 50,55 69.22 26.6
1 6 1 78.47 85 84.59 .50 58.82 55.45 71.52 47.34 66.33 25.2

1 7 1 84.33 91 90.12 .58 50.96 51.28 66.70 45.94 63.05 23,7
3 1 1 73.08 80 79,33 .64 60.22 53.32 66.15 41.16 57.33 10.4

3 2a 2 73.57 80 79,18 .74 55.86 54.19 65.53 42.14 56.46 21.5
3 2b 3 80.83 87 86.89 .77 51.00 48.53 60.56 40,76 54.61 21.6
3 3a 4 85.15 89 88,80 1,06 34.25 28.52 35.23 19,50 27.06 ].8.2

3 3b 5 83.36 87 86.72 1.03 34.58 31.33 38.32 20.81 28.88 18.3

3 4 6 93,65 i01 100.62 .79 41.12 34.01 47.22 34.42 47.55 23.1

3 5 7 86.57 92 91,36 .80 40.38 38.55 50.27 32.74 45.57 23.4
3 6 8 84.56 88 87.55 1.01 32.24 25.42 31.11 14.81 21,31 16.9

3 7 9 91.47 97 96.86 .76 38,62 32.79 45.49 30.61 43,72 20.1
4 1 1 86.20 94 93.44 .60 53.29 49.22 64.82 45.66 62.35 18,9

4 2a 2 67.54 74 73.78 .52 66.45 62.89 76.29 49.69 67.86 22.1

4 2b 3 62.47 69 68.23 .52 68.97 65.67 78.07 49.69 67.86 22.7
4 3-A 4 60.73 57 57.56 .49 ***** 66,87 '78.21 42.45 62,13 23.1

4 3b 5 59.34 66 65.23 .44 73.03 68.83 81.65 52.22 71,87 15.2

4 4 6 71.34 78 77.40 .55 62.23 59.13 72.81 47.20 64.87 19.2
4 5a 7 83.70 88 87.87 .90 38.83 38.48 48.23 29.98 41.08 ].9.2

4 5b 8 87.49 92 91.53 .85 34.52 35.63 46.20 29.67 41.22 17.3
5 1 1 52.32 58 57.84 .60 '77.53 71.33 80,88 50.43 66.94 28.4

5 2a 2 90.11 97 96.83 ,85 46.28 40.89 53.32 38.96 51.79 19.6

5 2b 3 92.98 i01 99.92 .86 44.57 38.58 51.26 38.53 51.23 19.8
5 3a 4 95.38 i00 99.78 1.10 28.77 24.86 33.32 24.70 33.17 22.8

5 3b 5 96.56 i00 I00.i0 1.29 22.88 15.74 21.17 15.82 21.25 23.2

5 4 6 94.06 i00 99.93 .83 38.96 32.34 44.71 32.29 44.67 28.3

5 5 7 94.66 i00 99.44 .95 32.84 30.49 41.19 30.10 40.86 21,8
6 lA 1 89.49 94 93,58 .92 34.42 30.19 39.72 25.40 35.58 23.2

6 IB 2 88,34 93 92.58 .89 36.47 32.4'7 42.52 27.06 37.91 24,3

6 2 3 77.23 83 82.55 .60 54.86 52.13 66.02 42.01 58.84 25.1
6 3 4 64.38 70 69.86 .51 68.72 64.09 77.03 48.59 67.11 16.4

7 iA 1 65.96 72 71.60 ,60 64.29 55.65 67.60 38.06 54.75 9.4

7 IB 2 65.89 72 71.83 .53 66.00 58,30 71.52 41.96 60.35 9.3

7 2A 3 47,00 53 52.13 ,42 80.54 75.03 85,65 52.10 72.46 28.4
7 2B 4 45.92 51 50,99 .38 81.28 76.56 87.33 54.03 75.15 28,6

8 1 1 88.13 92 91.7] 1.01 30,37 26.79 34.12 20.17 28.16 15.6

8 2 2 79,65 84 83.84 .97 41.72 39.97 48.49 28.40 38.56 21.9
8 3 3 64.71 72 7]..28 .54 69.03 63.44 76,14 48.71 66.53 20.5

9 l-ud 1 36.55 42 41.22 .38 8"7.44 83.49 91.60 59.96 79.61 24.1

9 2-ud 2 56.01 63 62.37 .48 76,63 72.12 83.43 55.30 73.43 23.6

9 3-ud 3 70.62 78 77.45 .60 64.48 61.27 73.97 50.00 66.39 28.4
9 4-ud 4 87.02 93 92.74 .98 42.34 37.84 47.87 32.98 43.78 37.G

I0 l-ud 1 60.16 68 67.57 .57 75,52 74.95 84,83 62.93 77.56 28,9

i0 2-ud 2 67.43 76 75.33 .67 70.60 69.76 80.24 59,86 73.78 27.8
i0 3-ud 3 81.56 90 89.54 .88 56.85 57.62 68.59 52.67 64,91 23.1

i0 4-ud 4 97.51 106 105.40 1.14 40.47 40.66 51,37 43.70 53.86 20.5

Ii l-ud 1 47.55 54 53.64 .57 8]..75 80.20 88.07 63.09 77,75 18.1

i] 2-ud 2 64.01 72 71.27 ,66 70,97 71o53 81.47 60.05 74.01 26.4

II 3-ud 3 76.36 85 84.48 .69 62.71 65.22 76.77 58.82 72.50 16.6
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Table A2-g (Continued)

CALCULATEDSECONDSTAGE FLOTATIONPRODUCTPROPERTIES

Set Calc Ash TS PS TS PS

_un # point Sample Yield Btu CmRec PS% Rej Rej Rej Red Red SC%

12 l-ud 1 36,25 39 39.22 .51 80.90 80.55 87.72 50,42 68.68 7.2
12 2-ud 2 52.42 57 56.54 .60 71.3]. 69.57 79.04 46.18 62.92 10.2

12 3-ud 3 77.77 83 82.79 ,80 51,13 47.64 58.68 36.76 50,09 14.8

12 4-L_d 4 85.44 91 90.55 .98 44.00 34.98 44.24 28.20 38.42 20.7
12 5-ud 5 73,81 80 79.19 ,73 57.11 52.83 64,43 40.43 55.08 26,0

12 6-ud 6 59.65 66 65.18 .50 72.19 67.99 80.02 50.89 69.34 28.7
12 7-ud 7 39.74 44 43.89 .43 84.16 80.03 88.70 54.51 74.26 16.9

13 I-KD 1 64.16 72 71.54 1.44 70.87 49.10 61.64 28.85 46.37 26.1
13 2-KD 1 80.75 89 88.96 1,64 58.23 32.19 45.03 23.77 38,21 24.8

13 3-KD 3 85.79 94 93.48 1.73 50,6,9 26.40 38.47 21.27 34.18 19.1
13 4-KD 4 92.23 99 98.93 1.90 39.5"I 17.30 27.16 16.41 26.37 14.2

13 5-KD 5 88.51 97 96.33 1,79 48,63 22.70 34.25 19.75 31.75 15.7

14 I-KD 1 82.33 89 88.97 1.67 52.36 26.22 36.60 i7.07 28,73 22.0
14 2-KD 2 90.21 97 96.84 1,70 44.43 18.91 29,67 16.26 27.38 12.2

14 3-KD 3 67.48 74 74.21 1.23 67.67 47.27 61.95 28,94 48.72 27.4

14 4-KD 4 74.15 8] 81.10 1.45 62.16 37.80 50.72 23,31 39.24 30,8
14 5-KD 5 74.61 82 81.52 1.34 61.46 39.98 54.54 26.38 44.24 29.5

14 6-KD 6 68.98 75 75.12 1.38 63.09 43.46 56.15 24.73 41.63 23.3

15 I--KD 1 71.58 81 80.10 1.47 66.87 43.72 57.63 29.74 47.11 18.3
15 2-KD 2 73.95 83 82.84 1.40 66.18 43.18 58.37 31o41 49°75 17.2

15 3-KD 3 72.93 84 83.58 1.03 75.09 50.08 69.73 40.27 63.79 15.9
15 4-KD 4 77.69 88 87.51 1.38 66.61 40.50 56.85 32.01 50.70 23.3

15 5-KD 5 77.39 87 86.52 1.45 63.76 39.54 54.76 30.12 47.71 21.3
15 6-KD 6 77.04 87 86,78 1.22 66.89 44.13 62.18 35.62 56.42 20.7
20 I-KD 2 84.49 93 92.96 1.32 56.28 33.05 48.39 27.98 44.48 20.3

20 2-KD 2 86.34 96 95.62 1.39 58.34 34.21 51.80 31.19 49.59 25.6
20 3-KD 2 86.65 97 96.18 1.44 59.19 32.65 49.66 29.97 47.66 26o3

20 4-KD 2 87.07 97 96.85 1.32 60,01 34.97 53,74 32.86 52.24 29.2

21 5-KD 2 85.03 95 94.47 1.50 5"7.96 33.05 49,04 29.13 46.05 26.3
21 6-KD 2 72°30 81 80.68 1.47 65.86 43.44 57.45 29.89 47.26 27.9

21 7-KD 2 72.53 82 81.20 1.36 66.96 45.28 60,66 32,61 51_55 26.8

21 8-KD 2 7]..37 81 80.86 1.18 71,85 49.05 66.42 36.98 58.47 26.8
22 10-KD 2 76.94 87 86.42 1.47 63.98 46.62 62.44 38.24 56.54 22,4

22 II,-KD 2 80.65 91 90.78 1.52 63.11 42.97 59.12 37.17 54.96 22.0

22 12-KD 2 72.53 83 82.09 1.39 68.75 50.66 66.34 39.90 59.00 22.3

22 9-KD 2 83.10 94 93.34 1.46 61.10 42.54 59.71 38°.44 56.84 17.7
23 13-KD 2 80.00 91 90.12 1.55 62.06 45.75 61.58 39.81 57.37 21.8

23 14-KD 2 85.94 97 96.39 1.74 57.47 38.41 53.76 36.10 52.02 20.6
23 15-KD 2 88.60 I01 100.80 1.44 62.09 41.82 60.63 42.28 60.94 21.4

23 16-KD 2 80,3"7 92 91.54 1,44 66.03 47.22 64.33 42.35 61.03 23.1

24 17-KD 2 87. i0 97 96.68 1.47 56.77 28.65 44.60 26.20 42.70 22.1
24 18-KD 2 87.85 98 97.62 1.48 56.88 27.80 43.81 26.05 42.44 21.7

24 19-KD 2 74.46 83 82.66 1.51 63.04 38.21 51.35 25,25 41,14 26.6

24 20-KD 2 84.72 95 94.24 1.48 58.89 30.15 45.51 25.89 42.19 27.1

24 21-KD 2 81.71 92 91.10 1.41 61,26 34,15 50.u5 27.72 45.17 26.8
25 22-KD 2 86.24 97 96.46 1.70 57.34 33.82 48.96 31.39 47.09 22.3

25 23-KD 2 86.14 97 96.56 !.66 58.29 34,49 50.03 32.16 48.25 22.2

25 24-KD 2 83.93 95 94.60 1.55 61.57 38.13 54.50 34.60 51.90 22.1
26 I-PD 1 90.63 94 93.53 i. 17 37,94 16.34 30.83 i0.55 26.04 22.4

26 2-PD 2 92.76 96 95.11 1.30 30.43 11,43 21.02 6.87 16.95 16.'7

26 3-PD 3 92.50 96 95.04 1.25 32.64 12.90 24.57 8.36 20.63 25.6
26 4-PD 4 95.22 99 98.15 1.23 33,76 i0.59 23.43 8.91 21.99 17,7

26 5-PD 5 94.60 98 97.10 1.31 30.08 9.41 18.98 6.71 16.56 15.9

26 6-PD 6 90.80 94 93.10 1.32 31.90 12.81 21.49 6.35 15.68 13o2

27 I-PD 1 86.19 91 90,03 1.08 47.28 26.03 46.55 17.84 40.63 22.4
27 2"PD 2 84.87 90 88.46 I. 13 46.44 26.09 44.68 16.45 37.47 25. "7

27 3-PD 3 90.05 94 93.]6 1.22 37.05 19.98 36.7'7 14. ii 32.13 22.6

27 4-PD 4 84.50 89 87.98 1.27 45.86 23.42 37.98 12.96 29.51 25,9

27 5-PD 5 86.98 92 90.47 1.21 43.42 22,71 39.55 14.57 33,18 23.9
27 6--PD 6 85,53 90 88.96 i.i0 44.36 26.38 45.98 17.25 39.28 23.6
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Table A2-O (Continued)

CALCULATEDSECONDSTAGE FLOTATIONPRODUCTPROPERTIES

Set Calc Ash TS PS TS PS

?,un # point Sample Yield Btu CmRec PS% Rej Rej Rej Red Red SC%

28 I-KD 1 73.93 82 82.07 1.37 62.63 44°92 60.23 32.88 51.54 18.3

28 2-KD 2 83.79 93 92.40 1.51 54.88 34.85 50.31 29.49 46.22 21.2
28 3-KD 3 87.80 98 97.36 1.34 55.13 35.24 53.74 33.49 52.48 21.2

29 I-KD 1 72.69 82 8].. 70 1.27 66.99 49.01 65.55 37.59 57.84 20.8

29 2-KD 2 83.03 93 92.30 1.51 57.81 37.32 53.28 32.10 49.39 12.0
29 3-KD 3 80.14 91 90.17 1.31 64.05 43.01 60.88 36.79 56.62 20.2

30 I-UD 1 70.75 77 76.41 .68 64.63 48.84 60.27 33.04 48.01 15.3
30 2-UD 2 85.02 91 90.15 .79 47.01 34.19 45.21 27.00 39.23 11.7

30 3"UD 3 84.56 91 91.02 .62 56.48 41.72 56.59 35.97 52.31 19.1

31 I-UD 1 48.63 55 54.23 .39 81.22 76.05 87.14 55.83 76.29 25.1
31 2-UD 2 85.52 92 91.91 .76 48.58 42.99 55.78 37.97 51.88 14.3

31 3-UD 3 70.67 78 77.55 .48 66.0] 62.38 77,01 51.49 70.35 12.8
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Table A2,10

CALCULATED SCREEN PRODUCT PROPERTIES
(Heptane Based)

Set Calc Ash TS PS TS PS

Run # point Sample Yield Btu CmRec PS% Rej Rej Rej Red Red CS%

16 I-UH 1 68.83 76 75.37 .74 66.02 53.76 64.66 38.66 53. Ii 29,94
16 I-UH 2 72.18 80 79,04 .71 64.37 52.61 64,44 40.04 55.01 32_56

16 I-UH 3 61.59 68 67.37 .73 69.20 58.94 68.78 39.05 53.65 31.76

16 2-UH 1 76.08 83 82.58 .89 58.59 43.52 53.28 31.61 43.42 23.18
16 2-UH 2 84.87 92 91.73 .94 51.65 34.85 44,78 28.97 39.80 19.57

17 I-UH 1 83.25 90 89.38 1.16 49.42 26,84 32.91 18.15 24.93 15.51
17 l-U}i 2 91.13 99 97.95 1.07 45.20 24.06 32.28 22.47 30.87 16,96

17 I-UH 3 87.26 94 93.89 1.06 48,09 27,73 35.81 23.02 31,63 16,19
17 I-UH 4 83.99 91 90.27 1.06 49.50 30.43 38,18 22.94 31,51 15.33

17 I-UH 5 83.99 91 90.27 1.02 49.50 32.13 40.51 24.82 34.10 15.18
18 I-UH 1 77.01 83 82.77 l.ll 53.70 34.27 40.64 20.59 28.29 22.73

18 I-UH 2 77.04 83 82.90 1.08 54,17 35.41 42.26 22.08 30.34 22.99

18 I-UH 3 83.54 90 89.59 I.I0 48.71 29,12 36.12 20.88 28.69 24.80

18 I-UH 4 84.99 92 91.35 i.i0 48.90 27.88 35.08 21.06 28.93 18.91
19 I-UH 1 91.96 99 98.07 .94 40.64 29.87 40.32 28.49 39.15 19.24

19 I-UH 2 92.02 99 98,03 i. II 40.01 21.92 29.38 20.35 27.97 14.48
19 I-UH 3 90.26 97 96.05 i. 18 40.59 20.23 26.31 16.94 23.28 21.43

34 1-PH 1 67.09 71 70.38 .62 61.29 48.09 73,86 26.25 62.87 17.78

34 2-PH 2 71.45 77 75.28 .75 61,21 42.09 66°25 23.07 55.17 15,67
34 3-PH 3 61.87 67 65.60 .71 69.95 50.34 72.52 24.30 58.11 14.38

34 4-PH 4 75.24 81 79.27 .77 59.49 38.62 63.57 22.57 54,04 16o69

34 5-PH 5 79.90 85 83.47 .89 50.54 30.90 52.23 17.21 42.76 21.67
34 6-PH 6 67,03 71 70.25 .78 60.68 45.32 67.02 22,16 53.06 14.14

35 I-UH 1 64.35 70 69.52 .43 64.25 68.74 82.06 55.04 74.19 20.76
35 2-UH 2 86.92 94 93.07 .60 47,17 51.16 66.55 47.53 64.06 29,03

36 I-UH 1 68.35 75 74.41 .37 65.15 68.75 83,77 58.00 78.19 17.09

36 10-UH i0 70.60 77 76.93 .57 64.47 61.00 74.20 49,31 66.47 Ii.13
36 II-UH Ii 71,80 79 78.50 .47 65.27 63.76 78.46 53.87 72.56 16.26

36 12-UH 12 65.97 73 72°35 .52 69.39 65,13 78.17 51.81 69.84 22.92
36 13-UH 13 87,81 95 94,86 ,72 51.22 45.22 59,17 42,26 56.96 18.70

36 14-UH 14 72.23 79 78.63 .62 63,18 58.38 71.26 47.07 63.45 20.02

36 15-UH 15 85.06 92 91.59 .84 51.08 42.48 54.34 37.20 50.14 18,98
36 2-UH 2 61.92 68 67.40 .25 68°43 75.23 90.07 63.25 85.26 19.42

36 3-UH 3 79.73 86 85.94 .72 54,67 50.65 63.38 42.57 57.38 25.62
36 4-UH 4 92.93 i00 99.18 .88 41.69 35.39 47.42 34.86 46.99 26.62

36 5-UH 5 91.87 98 97.19 .99 37,55 31.75 41.82 29.78 40.14 23.24
36 6-UH 6 75.09 81 80,32 .80 53.87 50.66 61.43 38.57 51.98 22.86

36 7-UH 7 88.78 96 95-80 .68 50,10 46.73 61.53 44.40 59.85 14.00

36 8-UH 8 86.75 94 93.61 .75 51,24 45.06 58.51 41.31 55.68 18.52
36 9-UH 9 64.25 70 69.78 .56 66,41 64.82 76.86 49.58 66.84 17.44

37 I-KH 1 62.61 71 70.93 1.12 75,31 56.80 72.59 39.10 61.36 20.24
37 2-KH 2 63.73 73 72.20 1.12 74.86 56.03 72oi0 39.10 61.36 20.96

37 3-KH 3 77.43 88 87.35 1.29 67.74 43.28 60.72 35.06 55.03 22.83

37 4-KH 4 69.30 79 78.54 1.15 71.98 52.14 69,25 39.07 60.85 25,81

37 5-KH 5 79,57 89 88.88 1.45 62.87 39.24 55.12 31.64 49.51 21.74
37 6-KH 6 51.95 59 58.80 1.00 80,59 65.06 79,14 40.58 64.53 16.55

37 7-KH 7 57.26 65 64.45 1o09 75.51 61.06 75.59 39°59 62.13 18o73

37 8-KH 8 51.01 57 57.17 1.17 77.05 64.29 76.52 37.54 58.92 19.45

37 9-KH 9 52.24 60 59.44 .97 80.55 65.78 80.15 42.43 66,60 16.68
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