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1.0 %NTRODUCT%ON

Thts project ts sponsored by the Un|ted States Department of Energy (DOE) for the
• Engineering Design and Analysis of Advanced Phystcal Ftne Coal Clean|ng
Technologies". The major goal ts to provide the simulation tools for modeling
both conventional and advanced coal cleantng technologies. Thts DOEproject ts
part of a major research Initiative by the P|ttsburgh Energy Technology Center
(PETC) aimed at advancing three advanced coal cleaning technologies- advanced
cylconlng, selective agglomeration, and advanced froth flotation through the
proof-of-concept (POC) level.

The commercially available ASPENPLUSprocess simulation package wtll be extended
to handle coal cleantng applications. Algorithms for predicting the process
performance, equipment size, and flowsheet economics of comerctal coal clean|rig
devices and related ancillary equipment wtll be Incorporated tnto the coal
cleantng simulator.

Thts report ts submitted to document the progress of Aspen Technology, Inco
(AspenTech), its contractor, ICF Kaiser Engineers, Inc., (ICF KE) and CO Inc.,
for the period of July through September 1992. ICF KE is providing coal
preparation consulting and processing engineering services in this work and they
are responsible for recomendin9 the design of models to represent conventional
coal cleaning equipment and costing of these models. COInc. is a subcontractor
to ICF KE on Tasks 1 - 5 and is a contractor to AspenTech on Task 6.

Aspen Technotogy, Inc. 1 I0-20-92 1 DE-ACZ2-89PC89908
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2.0 ADHINISTRATIVEITEHS

As the project end ts approaching the need for good planntng and commun|cat|on
has Increased. An tnternal project meettn9 was he]d at ICF KE on Ouly 1 and Z,
tn order to plan the completion of al] subtasks. To ensure cont]nued progress
toward the completion of these subtasks, weekly telephone conference calls were
established.

A paper describing the project status was gtven at the Etghth Annual Coal
Preparation, Utilization, and Environmental Control Contractors' Conference, held
July 27-30 tn Pittsburgh.

Arrangements were madeto obtain validation data for the Coal Cleantng Simulator
models from Amertcan Electrtc Power (AEP).

The PETCauthorization for subcontracting liberation studies to the Pennsylvania
State University (PSU) was received. PSU has initiated procedures to obtatn
coals for testtng. Progress tn thts work wtll be reported under Task 6 tn the
upcomtng reports.

Aspen Technotogy, Inc. / 10-20-92 / DE-AC22-B9PC89908
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3.0 TASK1.2 - ENGINEERINGANALYSISOF CONVENTIONALCOARSECOALCLEANING

3.1 Planned Scopeof Work

The work plan for the pertod called for the completion of all Task 2 1terns
Including modeldocumentation, testtng, and validation.

3.2 Technical Status

The technical status of all Task 2 ttems ts discussed tn the following
sections.

3.2.1 Updates, andTesttng of Task 2 Models

Horizontal and Incllned Screens

In the 1ast work period, an algorithm utilizing a partition curve
(wtth Inefficiency deftned by the sharpnesstndex, SI, and a screen
bypass) wasdescribed for use tn the desltme screen algorithm. This
algorithm was to be used as an alternative to one where the
partitioncurve is representedas a step functionwhere the
inefficiencyIs describedby the screenbypass(representing100
minusthe efficiencyvaluefor a11 sizesless than the separation
size). The latter resulted In a stair-stepfunctionwhen a
sensitivity analysis of the screen separation stze versus screen
overflowrate was examined. The new addition_11owedfor further
use of the sensitivity analysts capabilities of the ASPENPLUS
system.

Unfortunately, the use of both algorithms described abovewas not
compatible with the algorithm uttltzed for the calculation of the
moisture content of screen oversize becausethe newalgorithm placed
only a small portion of the extreme fines (400H X O) with the screen
oversizestreamwhlle the latterplaceda higher amount. At a
meetingheldon OulyI, 1992in the officesof ICFKE in Pittsburgh,
it was decidedthat the algorlthmresultingIn a step-functionfor
the partitioncurvewas too simplisticand placedtoo much extreme
finematerialwiththecoarseproductand shouldbe replacedwithan
algorithmwhich puts more near size materlalwith the screen
oversizeproduct.

The firstattemptat fulfillingthlsrequirementwas to manlpulate
the sharpnessindex(definedas d,/d,,)to achievethe user-deslred
screenefficiencyvalue. Thiswas modelledin the followlngway.

1) The model user supplted a screen separation size (d,o) along
with a desiredscreenefficiency.Screenefficiencywouldbe
definedas 100minusthe amountof undersizeparticlesin the
oversizestream.

Aspen TechnoLogy, Inc. / I0-20-92 / DE-ACZZ-89PC89908
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2) A starttng sharpness tndex (S;,0.7) was deftned 4n the Bode1.
Stze selectivity fractional recovery coefftc|ents were
calculated ustng the logtsttc equation.

3) The separat|on calculat|ons were completed and the eff|c|ency
for the separation was calculated by summtngthe amou;it of
undersize present Jn the overstze stream over all size
|ntervals.

4) If the calculated eff|c|ency was not w|th|n the tolerance of
the user-defined eff|ctency, an equat|on solver (ARCON
subroutine tn ASPEN PLUS) was used to ftnd the $1 wh|ch
resulted tn the user-des|red efficiency value by repeat|ng
steps 2 through 4.

5) When the calculated eff|ctency met the user-suppl|ed
efficiency value within a set tolerance value, the y|elds and
qualities of the oversize and unders|ze streams were
calculated.

Thts approach worked well as a predictive method for converging on
a user-supplied efficiency value but also placed a large amount of
fine material In the screen oversize stream for low sharpness tndex
values, making the approach once agatn |ncompattble wtth the
moisture content algorithm. The reason for this happen|ng ts that
the lowering of the sharpness Index to achteve lower efficiency does
not place more near size matertal In the overstze stream, but places
more fine stze particles In the overstze stream. Our object|yes was
to come up with a method to place move near-size material In the
oversize stream to meet the user-desired efftc|ency.

One of the project consultants (Dr. Rtchard Hogg of Penn State
University) was contacted to questton the possibility of modifying
the moisture content algorithm to be movecompatible wtth the screen
classification algorithm. It was decided to take yet a different
approach for the classification algorithm. This approach resulted
I n success.

The new algorithm requires the user to spectfy the screen stze and
the destred efficiency as before, except that tnstead of changtng
the sharpness Index (SI) to get different efftclency values, the d,
value would be searched upon to arrive at the appropriate value.
The net result ts the abtltty of thts algorithm to place mopenear-
size matertal In the screen overstze stream rather than more f|ne
size material. The steps tn the algorithm are essentially the same
as discussed above. The moisture content calculation for all types
of size ranges now ts consistently accurate. The models converge
quickly and are robust In use.

The users of these models must enter the size of the screen opentnq
as an input (not the d,ovalue as before). Additionally, someof the
models require additional and optional inputs as follows:

Aspen Technotogy, Inc. / 10-20-92 / DE-ACZZ-89PC89908
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Screen Open!nq Efflctency

Deslime Screen 0.3mm 80%- 95%(user input)
Dewatering Screen 0.3mm 95%(default)
Drain and Rinse Screen 0.3mm 95%(defaul t)
Wet Incltned Screen 0.3mm 1) Va111antAlgorithm

2) 80 - 95%(user tnput)
Dry lncltned Screen 9.Smm 1) Valltant Algorithm

2) 80 - 95%(user tnput)

Centrifuge Nodels

As the screen models have been revised. Investigators have tested
andset screen modeldewatering algorithm parameters to allow a good
comparison betweenmodel results and screen performance. Revtston
of the screen models to better predict moisture content has allowed
the centrifuge anddisk-filter modelsto be finalized. Themoisture
results from each of the centrifuges: vibrating basket, standard
basket, screen bowl, andsoltd bowl, and from the dtsk ftlter models
all comparewell with manufacturer and literature data. Somemodel
and literature values of moisture are comparedbelow for two of the
centrifuge (vibrating and standard basket) models:

Vibrating Basket Centrifuge:

Percent Motsture

si ze Fract tOn Lt terature Model

2 in. X 1/4 tn. 2.0 2.14
1/2 tn. X 1/4 tn. 3.0 2.96
1/2 tn. X 28M 5.5 6.39
1/4 in. X 28M 7.5 9.81

StandardBasketCentrifuge:

PercentMolsture

Size Fraction Literature Node]

1/2 in. X 28H 4.0 4.65
1/4 in. X 28M 6.0 6.14

6ravtty-based l)evlces

As part of addltionaltestingfor the gravlty-baseddevicemodels
(heavy-mediacyclone, concentrating table, and water-only cyclone),
data from three coal cleanabtltty characterization test programs
conducted at the Coal qualtty DevelopmentCenter were used to
compare actual probable error and specific gravity separation by

Aspen Technotogy, Inc. / 10-20-92 / DE-AC22-89PC8_908
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stze wtth predicted results. These three test programsused these
three devices tn various combinations, yielding fourteen different
flowsheets to test. Results from th|s analysis are somewhatmixed.
In several cases, model results comparevery closely wtth actual
operating results. In other cases, however, the comparisonsare
poor. The discrepancies between the two are betng studied.

3.2.2 Additional Task 2 ModelD|scuss|ons

Rotary Breaker

The rotary breaker model currently tn the DOECoal Preparation
Simulator developed by Austtn, Luckte, and Kltma of Penn State
University st|11 represents the most advancedmodeling effort of
thts untt operation. Assuch, thts modelwtll be Incorporated |nto
an ASPENPLUSsystem model and should be available for use in the
near future.

3.2.3 Coal Cleaning Simulator Changes

More user input checking was added to all the models currently
available in the simulator. The input checkingwas addedto prevent
Incorrect model specifications, to asstst the user tn diagnosing
problems tn model performance, and to prov|de Information on the
progression of a gtven simulation.

A systematic revtew of the CCSsource code (approx. 350 subroutines)
was carried out. The goals of this review was to ensure that ASPEN
PLUS coding standards are met and to find and correct any
programmingpractices whtch may result tn platform portability
problems in the future.

Other changes made to the simulator included the addition of
ancillary equipment cost models: silo, coal receiving, unit train
and refuse loadout, vibrating feeder, magnetic separator. Testing
and fine-tuning of these modelswill continue in October.

Aspen Technotogy, Inc. / 10-20-92 / DE-ACZZ-89PC89908
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4.0 TASK 1.3 - Engineering Analysts of Untt Operations for Processing Ftne and
Ultraftne Coals

TASK 1.4 - Engineering Analysts of AdvancedTechnologies for Phystcal
Cleantng of Ftne and UltrafJne Coals

4,1 Planned Scope of Work

Nodelltng efforts tn the areas of advanced froth flotat|on, advanced
cyclontng and selective agglomeration were scheduled to move tnto the
development stage durtng the work quarter.

4.2 Technical Status

The technical status of Task 3 and Task 4 models ts given below.

4.2.1 Advanced Froth Flotat|on

The Vtrgtnta Polytechnic Institute & State University (VP;) colwan
flotation model wtll be used as the advanced flotation model tn
ASPENPLUS. During a meettng with VPI investigators, default values
for several parameters were selected that should allow an opttmum
configuration for the column flotation cell. The model has been
coded Jn FORTRANas a stand-alone program outstde the ASPFNPLUS
framework and some tnttJal tests show that the model gtves
reasonable results for predicting column performance and size. Wash
water, aeration rate, and recirculation pump requirements are
calculated as part of the simulation.

The user inputs the requtred BTUrecovery for the column flotat|on
ctrcuit. If destred, users of the model can overwrite the default
value of bubble size (0.06 cs). The model tracks all stze and
gravity fractions tn the feed and products, requiring the esttmat|on
of the probability of adhesion (P,) parameter of each specJf|c
gravity fraction. Based on findtngs by VPI tn their work def|nJng
hydrophobtctty as a functton of composition and someof the ftndJngs
by Penn State as part of the Task 6 froth flotation work, the
gravity distribution has been dJvtded into three secttons
representing fast-floating (given a P, of 0.9), slow-floating (given
a P, of 0.2), and a non-floating component (gtven a P, of 0). Coal
that floats at a 1.30 specif|c gravtty ts defined as slow-float|ngl
coal that stnks at 1.3 but floats at 1.9 spectftc gravity Js del|ned
as slow-floating; and coal that stnks at 1.9 ts deftned as non-
floating. Fundamental research Js being conducted at laborator|es
around the world to better deftne these relationships, however,
conclusions from this research may not be available for years. The
estimates gtven represent good engineering judgement based on our
current knowledge. To increase or decrease the overall calculated
BTU recover ustng these estimates of P, to meet that requtred by the

Aspen Technotogy, inc. / I0-20-92 / DE-AC22-89PC89908
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user |nput, the fractional recovery of each s|ze and gravtty
fractton ts proportionally Increased or decreased through a
convergencealgortthm.

The probab|ltty of collision and probab|l|ty of detachment are
calculated us|ng the approxtmat|ondevelopedby Luttrell andYoonof
rPl. These values, along with estimates of the residence ttme of
the particles, are used tn the Levensp|el equatton to calculate the
recovery of each component.

_tth the recovery of each componentthen known, the quanttty and
qualtty (ash, sulfur, and BTU content) of the products are
calculated. Knowtngthe stze and spectf|c grav|ty of the froth
product, the carrytng capactty of the cell |s estimated ustng the
relationship developed by Esptnoza-Gomezet al. The carrytng
capactty ts then used to calculate the number and dtameter of
columnsto process the destred flow rate of coal. The equipment
size parameter, columndiameter, ts related to purchasedcost by a
relationship for the Htcroce]TM (VPI column flotation technology
licensed to ICF Kaiser Engineers). _

4.2.2 AdvancedCyclontng

ICF KEmet with Professors Peter Luckte andHark Kltma of PennState
E/_;iverstty on September21, 1992 concerning the developmentof a
E,athemattcal model to represent the Htcro-Mag process developedat
_OEPETC. All aspects of the experimental programconductedat DOE
_ETCwere discussed; Including the relationships between process
performance and cyclone operating pressure drop, magnet|tu s|ze
constst and coal feed s|ze cons|st, it becameapparent that the
data dtd not support all of these parameters and the]r confound|ng
affects. With the concurrence of all present at the meet|ng, a
deciston was madeto develop a model stm|lar to those developed for
gravity separation processes tn Task 2. The Information requtred
for the deve]opmentof such model ts the relationship of relat|ve
density of separation (d,) and probable error (e,) wtth part|cle
s_ze. Professor Kltma ts assemblingthts Information for ICF KEdue
to h|s first hand knowledgetn the developmentof the process for
DOEPETC.

4.2.3 Selective Agglomerat|on

ZCFKEand CQ Inc. rece|ved a copy of the algor|thm used by Praxts
Engineers for predict|ng the results of a selective agglomerat|on
precess ut|l_ztng coal washab|11ty data. Praxts describes an
algorithm where the results ot' the selective agglomerat|on process
can be predicted based on the theoretical recovery of the BTU
content of coal at 1.50 spec|f|c gravtty and e_ghty percent of the
pyritic sulfur values rejected at 1.80 spectftc grav|ty. Although
the AspenTechproject teamhopesto developa mopecomplicated model
tn the future, we plan to Incorporate thts type of algorithm 1hto

Aspen Technotogy, Inc. / 10-20-92 / DE-AC22-89PC89908
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the ftrst verst, , of the Coal Cleantng Simulator for the selective
agglomerat|on Jrocesso

4.2.4 Add|t|onal Hodels

F|ne S|z|ng Screen

The algorithm used for f|ne s|z|ng screens (high-frequency v|brattng
type) was developed by Rogers and Brame of Kennedy Van Saun
Corporation. The model ts based on the following relattonsh|ps:

1) The separat|on s|ze (d,o value) ts calculated based on a
relationship between the screen aperture s|ze and the feed
volume percent soltds.

2) The sharpness tndex |s a funct|on of the relat|ve relat|onsh|p
between d,o and the screen aperture.

3) The screen bypass (the a value or water spltt) ts a funct|on
of the volume percent soltds.

The Information defined above ts used to calculate a set of stze
selectivity values, c,, tna two-parameter equation suggested by the
authors for use with high-frequency vibrating screens.

The model has been found to be generally useful for predicting the
size classification of fine coal slurries |n the 28N to 200N range.
However, the model ts not accurate for predicting the water split at
low solids concentrations (less than 12 percent by volume). This
equation must be corrected prior to inclusion tn the simulator. Two
possible approaches are being considered to calculate the water
split between the oversize and undersize streams.

The equipment sizing of high-frequency vibrating screens |s
basically a function of the gallons per minute of feed slurry per
inch of screen width. Conversations held with a screen manufacturer
indicate the followtn_ capacities:

Screen Apertur9

300 mtcrons 5.0 gpm/tn
150 microns 2.3 gpm/tn
75 mlcrons 0.6 gpm/In

Thls Informatlon w111 be regressed into an equation relat|ng
capacity to screen aperture for use in the slmulator. Fine sizing
screens are available In sizes of 4' wlde by 8' long and 5' wide by
8' long. These screens are not reconlnended for separations less
than 150 mtcrons.

Aspen Technotogy, /nc. / 10-20-92 / DE-ACEE-89PC89908
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Wet Ball 11111

A wet ball mi111ngalgorithm developedat Pennstate University by
Austin, Klimpel, andLuckte wtll be Incorporated tnto the ASPENPLUS
simulator for grtndtng coal to ftne stzes. The model ts basedupon
the characteristic selection and breakage value parameters for a
given coal feed 1htO a population balance algorithm. Users of the
modelwtll be requtred to tnput the destred product characteristics.
that ts. the required percent passtng somedestred parttcle stze.
Thecurrent verston of the modeldoesnot tnclude the description of
the liberation process. Thts wtll be Implemented once the
liberation study ts completed tn Task 6 at Pennstate University.
Further discussion of thts model w111 be gtven once tt ts
Incorporated tnto the system,

Aspen Technotogy, Inc. / I0-20-92 / DE-AC22-B9FC89908
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5.0 TASK 1.6 - Laboratory Testing

5.1 Planned Scope of Hork

Feed sample characterizations, flotat|on tests, and s|ze and spec|ftc
gravity analysts were to be performed for Upper Freq_po,rt and Pittsburgh
seamcoals. The necessary data reduction for these sea_s were also to be
performed. Prel|mtnary tests of the 111tnots No. 8 seam coal were to
begin.

5.2 Technical Status

5.2.1 Froth Flotation

Test conditions for both the Upper Freeport and Pittsburgh sem
minus 28 mesh and minus 100 mesh samples have been selected. These
condt t tons are

Upper Freeport SeamMinus 28 Hesh:

Test 1 0.16 lb/T HIBC
Test 2 0.65 lb/T HZBC
Test 3 0.65 lb/T HIBC 0.65 lb/T Dodq._cane

Upper Freeport SeamMinus 100 Mesh:

Test 3 0.16 lb/T HZBC
Test 2 0.65 lb/T HZBC
Test 3 0.65 lb/T HIBC 0.65 lb/T Dodecane

Pittsburgh SeamHtnus 28 Mesh:

Test 1 0.16 lb/T HIBC
Test 2 0.65 lb/T MIBC
Test 3 0.65 lb/T HIBC 0.33 lb/T Dodecane

Pittsburgh SeamH|nus 100 Hesh:

Test 1 0.16 lb/T HIBC
Test 2 0.65 Ib/T HIBC
Test 3 0.65 lb/T HZBC 0.65 lb/T IDodecane

Each of these tests has been replicated to produce enough matertal
for the subsequent size and spectftc gravity analysts. Hany of the
size and spectftc gravity analyses for the flotation ttme tnterval
samples from each of these tests have been comi)leted, whtle others
are st111 tn progress. Gen_rally, the res_lts show that the
11ghtest gravtty fraction (1_3 float) floats more raptdly than the
intermediate fractions (1.3 x ',_.5, 1.5 x 1.7, 1.7 x 1.9) that float

Aspen Technotogy, Inc. / 10-20-92 / I)E-AC22-89PC89908
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at about the samerate. The 1.9 stnk fractton floats at the slowest
rate. Recovery values generally follow the same trend, though
essentially 100 percent recovery at etght mtnutes flotation ttm_ |s
achteved for many of the Intermediate gravtty fractions, except |n
the coarsest stzes. Thts behavtor follows the fast-floating, slow-
floating, non-floating trends observed by sometnvest|gators us|ng
H-curves generated by release analys|s tests.

A sample of 1111no|s No. 6 seam coal from Randolph Co., 1111no|s,
has been received and spltt tnto samples for storage under argon
prior to floral|on test|ng. Head sample character|zat|on and
preliminary froth flotation tests have begun.

Etght different rate equations are be|ng evaluated tor use tn the
f|nal model. These equat|ons are

• Classical f|rst-order
• First-order wtth rectangular d|str|button of

f]otabt] tt|es
• ful ly-mtxed reactor (expor,: ....._|al

distribution of flotab|ltttes )
• Arbtter second-order equatton
• K11mpe1second-order equat|on
• First-order wtth s|ne wave
• Classical f|rst-order wtth ttme 1ag (Agar)
• Natural law equatton (LaJ)

Each set o1' data ts f|t to all these equations. Compar|sons between
actual recovery and calculated ulttmate recovery has been made for
each equatton and a calculation of goodness-of-fit, the standard
error of estimate, has been made. Based on the most recent data
reduction, the equatton to be chosen for use tn the model wtll be
sither the classical first-order or the first-order wtth rectangular
distribution of fl_tabtltttes. An analysts of the confidence
intervals around the opttmum values of the parameters for these two
equations wtll be conducted tn October. Thts analysts wtll form the
basts of documentation for the ftnal model selection.

Aspen Technology, Inc. / 10-20-92 / DE-AC22-89PC8_08
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6.0 QUARTERNO. 11 - WORKPLAN

• In Task 2, complete all models, complete model documentation,
complete testtng and validation.

• In Tasks 3 and 4 complete modelsand modeldocumentation.

• In Task 6 complete Upper Freeport seam, Pittsburgh seam, and
I111nots No. 6 seamtesttng.

• Conductdata reduction on Task 6 flotation test results for ftnal
model rate equatton selection.

• Conduct laboratory studtes, data analysts, and cor/_elatton on
breakageand liberation at PSUfor Task 6.

Aspen Technotogy, Inc. / 10-20-92 / DE-AC22-89PC89908
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