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Abstract

This report documents work completed by the
Alberta Research Councii for the ARC/EPRI Consor-
tium, under the program entitied “Coal Processing
Development Program: Development of Clean Coal
and Clean Sqil Technologies Using Advanced
Agglomeration Techniques”. The report is divided
into three volumes:

Volume 1. Upgrading of Low Rank Coals: The
Agfiotherm Process

Test data, procedures, equipment, etc., are
described for co-upgrading of subbituminous coals
and heavy oil. The test results showed upgraded
coals to have heating value above 11,000 BTU/D,
and syncrude (upgraded heavy oil) to have 21# API
gravity or better. The coal products were acceptable
for combustion and had handling properties superior
to those of subbituminous coals. The syncrude was
suitable for pipelining and refining. The techno-
economic feasibility study of the Agfiotherm process
suggests that upgraded coal could be produced at
$Cdn 37.90 per metric tonne at 15 percent DCF
ROR (fob plant, after tax).

Volume 2. Upgrading of Bituminous Coals: The
Aglofloat Process

Experimental procedures and data, bench and pilot
scale equipments, etc., for beneficiating bituminous

coals are described. The test results showed the
beneficiated coal to have heating value of 13,000
BTU/D or better, ash content of less than 10 percent
and pyritic suiphur removal of up to 90 percent. The
completed techno-economic feasbility study of the
Aglofioat process suggests that beneficiated coal
could be produced at $U.S. 52.85 per short ton, at
ROM coal prices of $U.S. 27A. For coal wash plant
wastes, the product price would be $U.S. 25.26 per
ton.

Volums 3. Soil Clean-up and Hydrocarbon Waste
Treatment Process

Batch and pilot plant tests are described for soil con-
taminated by tar refuse from manutactured gas piant
sites. The test results show the treated soil to be
suitable for disposal in landfills and the by-product
agglomerates containing tar and hydrocarbon con-
taminants to be suitable for combustion in industrial
boilers. The techno-economic feasibility study of a
mobile plant for the Clean Soil process shows the
cost of cleaning to range from $Cdn 31.39 to $Cdn
46.97 per tonne of oily wastes, and to be about
$Cdn 45 per tonne of tar refuse contaminated soil.
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Executive Summary

I. Introduction

In 1987, the Alberta Research Council and EPRI

formed a research consortium to develop new clean

coal and clean soil techrologies based on ARC's ad-

vanced spherical agglomeration research. The Con-

sortium included 19 companies, government

agencies and non-profit research organizations (see

Appendix 1). The Consortium identified three tech-

nology development areas as being of immediate in-

terest to its members:

1. Co-upgrading of low-rank coals and heavy oils.

2. Beneficiation of high sulphur bitumincus coals.

3. Cleaning of tar refuse and hydrocarbon
contaminated soils.

The Consortium authorized ARC to undertake re-
search and development programs addressing tech-
nology needs in each of the identified areas. The
programs were to include laboratory research and
testing, fundamental engineering studies, develop-
ment and operation of integrated agglomeration pilot
plant facilties, and conceptual design and economic
studies for the processes developed. The following
is a summary of the projects undertaken and work
compieted to December 1989. it should be em-
phasized that since December, 1989, major
progrc3s has heen made in further development of
the three technologies and particularty in con-
taminated soil clean-up.

ll. Co-Upgrading of Low Rank coals and
Heavy oils

The objective of the project was to apply advanced
agglomeration technology for co-upgrading of low-
rank coals and heavy oil, namely:

* to increase the heating value of low-rank coals

above 25.5 GUA (4,000 Btu/b) by dewatering and

deashing (upgrading) low-rank coals to capacity
moisture and ash contert of less than 10 percent
each; and

* to upgrade heavy cil and/or btumen used in
agglomeration of coal to synthetic crude which
would be suitable for pipelining and acceptable to
refineries.

The outcome of the study was the development o
the Agflotherm process (agglomeration, floatation
and thermal treatment) which upgrades low-rank
coal to high heating value solid fuel and heavy oil or

bitumen to synthetic crude oil. Specific process re-
search achievements related to the Agtiotherm
process are sumimarized below.

Batch Test Studies

Batch test procedures were developed for charac-
terization of various coal and oil feedstock combina-
tions for treatment in the Agflotherm process. The
tests defined agglomeration and de-oiling
parameters important in process optimization and
operation. Selected results and products obtained in
the process are shown in Table |. The product ag-
glomerates from subbituminous coals had properties
similar to those of westem Canadian bituminous
coals, and product upgraded oils were similar to syn-
thetic crudes produced from bitumen in other heavy
oil thermal upgrading processes.

Table L Upgrading of low rank coal in Agfictherm process:
Heatburg Coal, Batch Tests.

Volatile Fixed Heating

Ilolsturo. Ash, matter, carbon, vaiue
% % Btwib
Feed Coal 16.3 246 303 288 7,840
Green
Agglome.ates 82 9.7 48.0 36.1 11,370
De-oiled / gglomerates
(de-oiling temperature)
350°C 41 108 358 493 11,580
390°C 35 125 318 525 11,530
420°C 35 139 246 580 11,320
Oll Recovery Studies

The bench scale tests showed that i is technically
feasible to recover upgraded oil from coal ag-
glomerates, and that oil yield and properties are at-
tractive enough to consider potential
commercialization of the process. The upgraded oil
had AP| gravity above 21, and significantly reduced
sulphur and nitrogen content. Different cuts from the
upgraded oil blends were found to have acceptable
properties for refining, namely:

» Naphtha cut (Cs/175°C) was rich in aromatics and
had a higher octane number than petroleum-
derived naphtha cuts. it would have to be
hydrotreated betors reforming (like all naphtha
cuts from heavy oil syncrudes) and after treatiment



the blend could be used as a reformer feedstock
for gasoline production.

* Jet fuel cut (145/260°C) had a low smoke point
and would also require some hydrotreatment.

+ Diesel fuel blend (177/343°C)would require
hydrotreatment to reduce the contents of
aromatics, sulphur and nitrogen.

*» Vacuum gas oil cut (+343"C) had low content of Ni
and V, but high sulphur and nitrogen.

Integrated Agglomeration Test Facility (IATF)

Engineering and operational data were obtained for
the Agflotherm process using the IATF specially
reconfigured for the process (flowsheet #ARC09).
The plant produced well-formed, large ag-
glomerates; however, in processing some feeds, dit-
ficulties were experienced with obtaining satisfactory
performance of the pilot plant. These difficulties
were primarily due to insufficient experielice and
process information in areas such as:

* Kinetics of agglomeration for coals characterized
by long inversion times.

» Optimization of the floatation conditions for
microagglomerates obtained from low-rank coals
which contained a high clay concentration.

+ Measurement of slurry tlow, slurry solid
concentration, density, etc.

» Process control system.

The pilot piant products were de-oiled and sent for
laboratory combustion tests. The products were
found to have good handling, storage and combus-
tion characteristics including less susceptibility to
spontanecus combustion than the “parent” coals.

Feasibility of the Agfiotherm Process

A conceptual design for the Agfiotherm process was
developed to upgrade 2.8 mittion metric tonnes of
ROM subbituminous coal and 448 thousand tonnes
of heavy oil in Alberta, Canada. The plant production
was estimated at 2.06 million tonnes per year of de-
oiled agglomerates with a heating value of 26.7 G
(11,300 Btu/b) and 370 thousand tonnes of
syncrude with AP! gravity of 21. The plant cost was
estimated at $Cdn 113.6 miillion, operating cost at
$Cdn 91 million per year and working capital at
$Cdn 17.2 million. Based on 1989 feedstock and
product prices ($Cdn 12 of coal, $Cdn $3.41
bitumen, $Cdn 33t product agglomerates and $Cdn

124.24 syncrude), the economic analyses of the
plant showed DCF ROR after tax equal to 11.1 per-
cent.

The key cost factors in the Agflotherm were the
cost of heavy oil and coal, the yield and price of co-
product oil, and the price of de-oiled agglomerates.
The projected DCF ROR of 11.1 percent was contin-
gent on the technical feasibility of a novel de-oiling
process based on high temperature extrusion of
coal-oil paste (described in Volume 1).

lll. Beneficiation of High Sulphur
Bituminous Coals

The objective of the bituminous coal project was the

development of technology which would:

» Remove pyritic sulphur from high sulphur
bituminous coals.

« Reduce mineral matter content in bituminous
coals to 10 percent or less.

* Increase heating value of the processed coais
above 13,000 Btu/ib.

The result of the process research was the
development of a process, the Aglofioat process (ag-
glomeration and floatation), capable of meeting all
of the above listed project objectives. Specific
process issues related to the performance and
economics of the Aglofloat are discussed below.

Batch Test Studies

Laboratory tests were carried out to evaluate key fac-
tors influencing the Aglotioat process performance.
Nine coals (ROM and coal preparation by-products)
from the eastern U.S. and western Canada were
studied. Typical results obtained with U.S. coals are
shown in Figure |. The results were obtained using
single-stage and two-stage (with regrinding and
reprocessing of the product) batch processing. The
tests show good combustibles recovery and pyrite
rejection ai bridging oil concentrations as low as 0.5
percent. For westem Canadian coals, however, the
Aglofioat procedures had to be modified and the
amount of bridging oil had to be increased to 3 per-
cent ar more.

Vil
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COMBUSTIBLES RECOVERY
(%)

ASH (%, dry)

CALORIFiC VALUE
(Btu/lb, dry) (000's)

'e

TOTAL SULPHUR
(%, dry)

INORGANIC SULPHUR
REMOVAL (%)
g

s
Feed Cosl

(Ibs S02/10~ 6 Btu)

SULPHUR EMISSION

Figure 1. Cleaning of upper Freeport Coal by Aglofloat process.

Continuous Pyrite Removal Unit (CPRU)

The feasibility of using hydraulic ard flume
separators for removal of pyrite from bituminous
coals agglomerates was evaluated using a 5 kg/h
bench scale CPRU. Both units showed reduction of
pyrite in coal product; however, because of better
operability, a system with a hydraulic separator only
was chosen for the Aglofioat process. Tests using

the CPRU with U.S. coals indicated that at the best
conditions tested, the total sulphur reduction ranged
from 50 to 55 percent, and the pyritic sulphur reduc-
tion ranged from 72 to 77 percent, while the ash
reduction ranged from 82 to 86 percent. The informa-
tion obtained in the CPRU was successfully used in
the scale-up of the hydraulic pyrite separator in the
pilot plant (IATF).
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Large Pilot Plant Tests (IATF)

The hydraulic pyrite separator developed was incor-
porated into the Integrated Agglomeration Test
Facility pilot piant ir: the Aglofloat process configura-
tion (flowsheet #ARC55). The IATF results con-
firmed that well-formed agglomerates reduced in
sulphur and mineral matter can be obtained in the
process. Large, 0.8 to 3.0 mm agglomerates could
be obtained at bridging oil concentrations as low as
12 percent (d.a.f. feed coal). The agglomerates had
a heating value above 13,000 Btu/ib, ash content of
less than 10 percent and pyritic sulphur content
reduced up to 90 percent.

Considerable effort went into improving the
process. Equipment efficiency and performance was
evaluated for unit operations such as floatation of
coal flocs, hydraulic pyrite separation and size enlar-
gement of microagglomerates. One of the key is-
sues studied was the effect of process operating
parameters on process stability anu gceformarce.
The key Aglofioat process parameters were iden-
tified; however, more experimentation will be neces-
sary to understand the process and to further reduce
the amount of bridging oil required.

Feasibility of the Aglofloat Process

The pilot plant work for the Aglofloat process was
used as a basis for tihe conceptual design of an
aglofloat plant capable of processing 2.8 milltion
short tons of eastern U.S. bituminous coal to 2.74
million tons of agglomerates. The economic analysis
of the process estimated the plant capital cost at
$U.S. 61.5 million, operating cost at $U.S. 121.0 mil-
lion per year and working capital at $U.S. 22.2 mil-
lion. The product cost was calculated at $U.S. 52.85
per ton at DCF ROR equal 15 percent (after tax) and
coal price of $U.S. 27ATob plant. The key cost ele-
ments determining the product price were the coal
price, the amount and price of oil, and to a lesser ex-
tent the operating and capital costs.

Variance analysis performed on the coal price sug-
gested that using the Aglofioat to process coal
refuse (coal price = $U.S. 01) could produce a clean
coal product at $U.S. 25.26 per ton. Such a product
would be competitive with the current cost of low-
and medium-sulphur coals in the eastern U.S.
(priced at $U.S. 20 to $U.S. 28 per ton).

IV. Cleaning of Tar refuse and
Hydrocarbon Contaminated Soils

The objective of the Clean Soil study was to develop

technology which would:

+ Clean up contaminated soils at manufactured gas
plant sites, coking plant sites, benzol plant sites,
etc.

» Clean up contaminated soils from oil spills, oily
wastes pits, and other hydrocarbon contaminated
spills.

» Treat heavy oil wastes and emulsions from heavy
oil recovery and upgiading plants.

The project led to the development of the Clean
Soil process which cleans contaminated soils to a
level of 1000 ppm (0.1 percent) or iess, and yields
by-product agglomerates which contain the
hydrocarbon contaminants and are suitable for com-
bustion in industrial boilers. Specific achievements
related to the process performance and evaluation
are summarized below.

Batch Test Studies

A rapid laboratory screening method for charac-
terization of various contaminated soils for treatment
in the Clean Soil process was developed. The tests
performed suggest that a wide range of contaminant
types and concentrations in the soil can be treated
by the process. The concentration of residual con-
taminants in the clean soil was reduced to 0.1 per-
cent or less (Table Il). The key properties of the
contaminated soil influencing the process perfor-
mance were identified as:

« The amount and composition of the hydrocarbon
contaminants.

+ The particle size and particle size distribution of
the soil.

« The presence of other materials in the
contaminated soil capable of adsorbing the
contaminants, e.g., roke.

Depending on the ¢.5il characteristics, the Clean

Soil process procedures can be readily modified to

achieve the best process performance.

Xi



Table IL Clean-up of contaminated soil using Clean Soil
process: Overall Material Balance for Site #1-1 , Batch
Tests.

Contaminant
concentration, %

Type of contaminant Processed

soli*
Tar #1(1) 8.6 0.07
Tar #1(2) 12 0.00
Tar #2(2) 66.9 0.10
Tar #2(8) 0.7 0.10
Tar #1-1 5.6 0.07
Tar #2-2 10.6 0.17
Haavy Oil 8.7 0.04
Qil (light) Spills 20 0.17
Gasoline Spills 3.1 0.06
Qil (heavy) Spills | 43.0 0.08
Qil (heavy) Spills Ii 0.2 0.00

* Guidelines accepted by many regulatory agencies in North
America require that the rasidual concentration of petroleum
derived contaminants does not exceed 1000 ppm (0.1 percent)
in the clean soil.

Large Pilot Plant (IATF)

The Integrated Agglomeration Test Facility was
recontigured for the Clean Soil process operation
(flowsheet #ARC20). The pilot plant runs provided in-
formation on process control and performance of
each unit operation at steady-state conditions. For
some feeds, however, less than desired perfor-
mance of the IATF was obtained because limited
process information was available on the kinetics of
agglomeration and the separation of contaminants
from the cleaned soil.

A large sample of product agglomerates produced
in the IATF was tested for its handling, grinding and
combustion characteristics by Combustion Engineer-
ing, Inc. The tests showed that combustion perfor-
mance and emissions for agglomerates from tar
refuse were similar to combustion performance of
HVB coal used in agglomeration.

Feasibility of the Clean Soil Process

The commercial feasibility of using the Clean Soil
process for treatment of oily waste from bitumen
upgrading was evaluated. The plant was assumed
to be a mobile plant located in Alberta and capable
of processing 30,500 tonnes of oily wastes per year.
Dependirg on whether pulverized coal was pur-
chased or prepared at the plant site, the plant capital
cost was estimated at $Cdn i.8 and $Cdn 2.06 mil-

Xii

lions, respectively. The cost of cleaning oily waste
was estimated at $Cdn 31.392, for a case where the
market for agglomerates exists near the plant, and
at $Cdn 46.97/ for a case where agglomerates
would have to be shipped for sale. The costs indi-
cated are within the range of current costs ot waste
disposal ($Cdn 25 to $Cdn 35 per ton, for hauling
and spreading). However, since spreading is likely to
be unacceptable as a disposal method in the future,
the Clean Soil process offers a viable new technol-
ogy for oily waste disposal.

V. Conclusions

Three new processes were developed in the first
two and one-half years of the Consortium Coal
Processing Development Program based on ARC's
advanced spherical agglomeration research. The
preliminary evaluation of these processes suggest
that the most promising opportunities and their con-
straints for further development, are:

* co-upgrading of low rank coal and heavy oil;

* beneficiation of bituminous coal refuse and ROM
coal; and

* clean-up of contaminated soil.

The major technical and economic constraints
which must be solved for each process are:

* the technical feasibility of coal-oil paste extrusion
in co-upgrading of coal and heavy oil;

* the reduction of the amount of bridging oil required
for production of large size agglomerates in
beneficiation of bituminous coals; and

* the optimization of the reprocessing steps in
cleaning of some contaminated soils.

The results described in Volumes 1, i1, and Ilf of
this report summarized achievements completed
prior to December 31, 1989. Since that time, how-
ever, further improvements in process performance
were attained and presented to the Consortium
members. These results will be described in detail in
the updated reports for each process.

Each of these technology opportunities has ad-
vanced in this year (1990) of the consortium pro-
gram, to a stage where it can be pursued by smaller
R&D consortia comprised of members with an inter-
est in one or two of the technology areas only. It is
recommended that future work in this program be
pursued by such consortia addressing each technol-
ogy area separately.
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1. introduction

1.1. The Aglofioat Process

The Aglofioat process is an advanced spherical ag-
glomeration process capable of beneficiating high
ash and suiphur, bituminous coals to clean fuel with
a heating value above 13,000 Btu/lb, ash content of
less than 10 percent, and significantly reduced (up
to 95 percent) pyritic sulphur content.

The process and product streams are illustrated in
Figure 1.1. First, run-of-mine coal is crushed, pul-
verized to -0.6 mm (-28 mesh) and slurried with
recycle water. At the same time, crude oil is mixed
with diesel fuel to form a bridging oil. The coal slurry
and bridging oil are combined in a high shear mixer
where coal and nil form microagglomerates about
0.2 mm in size. The microagglomerates are
separated from coal mineral matter and refuse in a
floatation cell, anc ~‘ashed and separated from
pyrite particles in a 1. /droseparator. Then microag-
glomerates are transferred to a low shear mixer
where more bridging oil is added and macroag-
glomerates are enlarged to 0.8 mmto 3.0 mmin
size. The coai refuse in the floatation and
hydroseparator underflow is removed and disposed
of.

For coals which are difficult to clean, the microag-
glomeration process is run in two stages. First
stage, as described above, is followed by wet grind-
ing of microagglomerates to reduce the top particle
size from -0.6mm (-28 mesh) to -0.15 mm (-100
mesh). The ground coal is resuspended in water
and microagglomerated with an additional amount of
bridging oil. The microagglomerates are separated

by flotation and then agglomerated in low shear

mixer for size enlargemerit.

The Aglofloat process offers several advantages
for the processing of bituminous coals, namely:

1. It removes mineral matter and pyrite, and
therefore increases ROM coal quality and heating
value. Some medium sulphur coals can be
brought into SOz emission compliance.

2. The process can be used to recover combustible
matter from coal preparation plant rejects. When
used in this way, it produces a saleable product
and reduces the coal preparation plant's waste
disposal costs.

The Aglofloat process has several advantages
over other coal cleaning and upgrading tech-
nologies. Because it is based on differences be-
tween the surface properties of coal and mineral
matter, it is very efficient for cleaning fine coais.
Another advantage of the process is its potential to
achieve high pyrite removal, at high combustible
recoveries, without the need for expensive solvents
and solvent recovery equipment. Also, when com-
pared to multistage fioatation, the Agilofioat process
offers much higher combustible recoveries (Table
1.1). The Aglofioat is less expensive and generates
more environmentally acceptable refuse than chemi-
cal cleaning processes.

The main disadvantage of the process is the large
amount of oil which must be used in the size enlarge-
ment step. Work will continue to find ways to reduce
the oil required in the size enlargement step.
Process applications that do not require enlarge-
ment steps will also be sought.

Table 1.1. Comparison of Aglofioat to other coal desulphurization process.

Feed Product
Pyritic  Combustibles
Coal Ash Total Ash Total sulphur recovery
. sulphur sulphur removal
% % % % % %

lllinois No. 6 395 4.19 6.8 3.70 77 89
Aglofioat  Upper Freeport 12.3 233 6.2 1.10 93 96

Pittsburgh 17.7 498 55 324 85 95
Multistage Prince Mine 13.2 3.70 5.0 - 8.2 72
Floatation
Reverse  Pittsburgh 30.6 1.72 8.7 1.17 76 92

Lower Freeport  31.4 2.65 6.8 0.92 92 89
Otsica Upper Freeport 17.7 2.66 5.0 1.02 80 79

PitsburghNo.8  30.2 451 6.4 KA 57 94

et prev”
yet
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Figure 1.1. The Aglofioat process.

1.2. Objectives and Scope of the Program

The overall objective of the Coal Development pro-
gram was to solve coal utilization problems caused

by poor quality coals, which typically have high mois-

ture, ash and sulphur content, through the develop-

ment of clean coal technologies using coal-oil

agglomeration. The general objectives with respect
to high-sulphur bituminous coals were the develop-
ment of technologies which would:

* Remove ash and pyrite from high-sulphur and
-mineral matter bituminous coal, thus making
these coals more marketable and more
acceptable when burned. Their greater
acceptability results from the fact that they

produce a lower level of sulphur dioxide emissions.

* Recover coal from fines generated in coal
preparation plants, thus improving utilization of
ROM coals. - .

* Improve boiler operation and efficiency by
supplying a coal product of more uniform quality,
and improve the operation of coal handiing and

pulverization equipment by supplying a fuel that is

lower in ash and pyrite.

The specitic objectives of the bituminous coal pro-
gram were to explore and evaluate the application of

advanced agglomeration technology for:

* Desulphurization of bituminous coals to sulphur
content acceptabie within the current EPA SO,
emission guidelines;

* deashing of bituminous coals to ash content of
less than 10 percent; and

* increasing the calorific vali2 of bituminous coals
to above 13,000 Btw/ib.

Research during the project focused on estab-
lishing the technical and commercial viability of the
Aglofloat process. There was a need o solve en-
gineering problems and improve the economics of
the process. As well, there was a need to
demonstrate that the clean coal product is suitable
for use in utility industry.

Testing the commercial potential of the Aglofloat
process took two and a half years. Key technical
and process economic issues addressed during this
time included:

* Process Research Studies: to determine the
expected process performance in batch
characterization methods for selected feeds, and
to obtain process information useful for the design
and operation of the Integrated Agglomeration
Test Facility (IATF) and Pyrite Removal Unit at
ARC.

* Engineering Studies: to determine the key
design concerns for the pilot plant and commercial
plants, to develop process control strategy, to
obtain engineering and operating data required for
process evaluation, and to develop design criteria
for conceptual design and cost analysis of the
Aglofloat process.




+ Economic Studles: to determine the economic
feasibility of the process including variance
analysis with respect to key economic and
process assumptions.

Examples of activities underiaken during the
bituminous coal project include: batch and con-
tinuous scale agglomeration and separation tests,
construction and operation of a 6 tonnes per day
pilot plant, and techno-economic assessment of the
feasibility of the process. The results of these
process development activites are discussed in Sec-
tions 2 through 7.

1.3. Project Organization

The project organization chart is presented in Figure

1.2.

Two committees provided direction for the project.

These committees were:

1. AManagement Committee with overall
responsibility for program management, funding
and implementation of the Coal Development
program.

2. A Technical Committee with overall responsibility
for the operation and conduct of the program.
The specific responsibilities of the Management

Committee were: to approve the annual budgets

and any changes in the scope of the program; to ap-

prove the Technical Committee’s reports; to estab-
lish milestones, schedules, etc.; to approve major
expenditures not included in the Annual Budget.
The specitic responsibilities of the Technical Com-
mittee were: to oversee program development and
achievement of milestones; to approve and evaluate
manuals prepared by the engineering staff; to over-
see c'evelopment of designs and specifications; to
prepare the Annual Budget and periodic reports for
submission to the Management Committee.

1.4. Report Organization

The results of the ARC/EPRI Coal Processing
Development Program are presented in three
volumes, each addressing specific applications ot
advanced aggiomeration technology:

MANAGEMENT COMMITTEE
COAL PROCESSING
DEVELOPMENT PROGRAM

TECHNICAL COMMITTEE
COAL PROCESSING
DEVELOPMENT PROGRAM

MANAGER

ARC PROGRAM

L. Ignasiaok
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Figure 1.2. Project Organization Chart.




Volume 1. Upgrading of Low Rank Coals: the
Agfiotherm Process

Volume 2. Removal of Ash and Pyritic Sulphur from
Bituminous Coals: the Aglofioat Process

Volume 3. Soil Clean-up and Hydrocarbon Waste
Treatment Process: the Clean Soil Process

Each volume of the report is supplemented by an
Appendix containing relevant background data and
additional information and descriptions of process
designs.

This volume of the report presents the results of
ARC's laboratory and pilot plant work on the
development of improved agglomeration technology
for upgrading of bituminous coals. Chapter 2 begins
with a description of the coals and oils selected for
testing with the Aglofioat process. The chapter in-
cludes descriptions of the bench experimental proce-
dures used and the results of process research and
optimization work.

In Chapter 3, Volume 2, design studies completed
on the agglomeration mechanism are reviewed.
These studies focus on fundamentals of the
Aglofloat process, application of agglomeration
models in process design, and evaluation of critical
design issues. The chapter also discusses batch
and continuous operations and studies of ag-
glomeration kinetics.

Chapter 4 includes a description of the desigri and
operation of the Pyrite Removal Unit. It details major
equipment included in the unit, the commissioning of
the unit and results obtained during operation of the
unit.

Chapter 5 describes the experimental results from
the Integrated Agglomeration Test Facilities. The
chapter starts with a review of major equipment and
instrumentation. This is followed by a description of
plant commissioning, details of the operating ex-
perience and unit improvements.

Chapter 6 briefly reviews the major emissions and
waste streams for the Aglofioat process and ihe en-
vironmental control technology required to operate
the process within the EPA emissions guidelines.

The conceptual design and cost analysis of an
Aglofloat plant are presented in Chapter 7. The chap-
ter includes process and economic data and as-
sumptions, process area cost estimates, and
financial analysis of the plant.

Chapter 8 presents the major conclusions and
recommendations relating to the Agloflioat process.
The key issues addressed are further improvements
of the process economics and efficiency, and reduc-
tion of oil use for agglomerates size enlargement.
The references quoted in Volume 1 of the report are
presented in Chapter 9.



2. Bench Scale Characterization of
Coals and Qils for the Agiofloat Process

2.1, Experimental Procedures

2.1.1. Approach

The batch tests which were performed for the
Aglofloat process had three major process research
and development objectives:

1. To determine process performance of the
Aglofloat process for treatment of the selected
coal/oil feedstock combinations.

2. To obtain process research information useful to
the design and operation of the Integrated
Agglomeration Test Facilities (IATF).

3. To conduct investigations in support of the
Aglofioat process including research into the
agglomeration and separation mechanisms for
processing bituminous coals.

A standard floatation machine equipped with g 2
liter floatation cell was used during the tests. It was
felt that experiments of this size would be adequate
for all necessary analyses of agglomerates and oils.
The tests and equipment selected were also
capabile of providing process research type informa-
tion in support of the design and operation of the In-
tegrated Agglomeration Test Facilities.

Figure 2.1 illustrates the experimental procedures
used in batch-scale characterization of coals and
oils. The experiments were performed in several
steps. In a typical single-stage Aglofloat process, a
known amount of coal was mixed with water to
make up the required solids concentration. The
resulting suspension was agitated for one minute to
ensure complete wetting and then a specified
amount of bridging liquid (usually 0.5 percent to 5
percent on dry coal) was added. The slurry was
agitated up to the moment when phase separation
occurred. Thirty to 60 seconds of agitation were
usually required. The volume of slurry was then ad-
justed by adding water to achieve 10 percent solids
concentration and coal flocs were separated by
simple floatation. The collected coal was
resuspended in fresh water, mixed for one minute to
release the entrapped mineral matter (pyrite) par-
ticles, and separated again. The microagglomerates
were dried, weighed and analyzed for moisture, ash,
sulphur and calorific value. The two-stage Aglofioat
experiments were a combination of two single-stage
processes with interstage wet grinding. Table 2.1.
depicts typical test conditions for the Aglofioat batch
experiments.

2.1.2. Equipment

Equipment used during batch tests included an ag-
glomeration tank, a laboratory floatation machine,
and a sieve. Additional equipment and instrumenta-
tion was used for sample analyses, product
analyses, product handling, etc. A detailed descrip-
tion of the batch agglomeration equipment is
provided in Section 2.1. Volume 1 of this report.

Table 2.1. Agloficat process: Test conditions.

Size of coal Dry grinding: top size 600um,
particles dso~200um
Waet grinding: top size 150um,
dso~25um
Solids
concentration Agglomeration: 10% - 25%
(in slurry) Froth floatation: 5% - 12.5%
Bridging iiquids  Blends of bitumen and/or heavy oils
with diesel oil or kerosene
Bridging
liquid conc. From 0.5% t0 1.0%
Impeller speed  Agglomeration: 2,100 rpm
Froth floatation: 1,100 rpm
Temperature Ambient
pH of siumry Natural
2.1.3. Sample Preparation

A variety of coal and oil sample combinations were
tested to determine their performance in the
Aglofioat process. Each of these samples was sub-
jected to the following preparation procedures:

1. The coal samples were air dried, crushed and
ground to -600 um top coal particle size (-0.6 mm
or -28 mesh) and to a weight average mass
median, particle diameter, ds, about 200 um.

2. The oil samples were mixed, divided into
representative subsamples, and used as crude
samples without any emuls fication or dispersion
in water.

2.1.4. Test Methods and Procedures

Table 2.2 lists the test methods and procedures
used to characterize the feedstocks and ag-
glomerate products. in addition to the tests in this
table, other specialized tests such as gel permeation
chromatography for oil characterization, or surface
area measurement for coal, were used when neces-
sary. These tests are described and discussed in the
following sections.



Table 2.2. Test methods and procedures.

CRUDE oKL DIESEL RAW COAL Sample Test method Procedure/standard
‘ { l Coal/ Proximate Fisher Coal Analyzer
agglomerate ASTM draft stage
cRone crone Ultimate Leco CHN-600
Total Sulphur Leco SC-32
WATER ASTM D 4239-85
l Heating Value ASTMD 2015
Parnticle Size Granulometer 723
SN0 CONBITIONNG Laser Light
Diffraction
Capacity Moisture  ASTM D 1412-85
l Oils Density PAAR Density Meter
MICROAGCLOMERATION TALINGS (API gravity) Model DMA 55
(HIGH SHEAR) Viscosity Brookfield Digital
S Viscometer
wATER imulated ASTM D2887
l Distillation
Molecular Vapor Pressure
FLOATATION SERLLLC Waeight Osmometry Corona
Woescan Molecular
Weight Apparatus
ORYWG Table 2.3. “Participating” coals: The Aglofloat process.
Organization Sample name and description
U.S. Dept. Upper Freeport - bituminous coal
of Energy lllinois No. 6 - bituminous coal
ORY MICROAGCLOMERATES Pittsburgh Seam - bituminous coal
< PIOUCT FOR ANALYSIS ) Ohio Ontario
Clean Fuels Ohio Sample - bituminous coal
llinois State o o ROM
Figure 2.1. Schematic representation of Aglofioat batch g,::,':?ml ::':dng:aNg sbm?::::‘?: ‘;:)(ﬂ;shod))
procedures.
Obed Mountain Obed - bituminous coal (precipitator dust)
Coal Company Obed - bituminous coal (washed)
2.2, Process Research and Optimization  ontario Byron Creek - bituminous coal”
Hydro (ﬁ.nes . fitercake) .
2.2.1. Coal Samples_Data Base Byron Creek - bituminous coal reject
Ten bituminous coal sampies, six high sulphur
bituminous coals from the U.S. and four coal The range of properties for the samples submitted

preparation products from Alberta, were submitted was as follows:
for testing under this program. Participating organiza-  Moisture, % as received 8.5-245

tions and their selected coals are listed in Table 2.3. Ash, % 9.2-34.8

The sample size varied from 5 kilograms to 20 ton- Sulphwr, % total 0.30-4.98

nes, with the large samples being designated for the Sulphur, % pyritic <1.3-34

pilot plant tests. The samples were run-of-mine or Heating Value, GJA 19.4-315
washed grab samples including fines and Heating Value, Btwib 8,350 - 13,560
precipitator dust from coal preparation plants. A detailed analysis of the samples submitted is

given in Appendix 2.
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TAILINGS  CLEAN COAL

Figure 2.2. Single-stage Aglofloat process.

The following sections describe examples of the
effects of different process variables and feed
properties on cleaning of the “participating” coals.
These examples are illustrative only and are not in-
tended to provide proof for the trends discussed.
Such proof and more detailed support for the con-
clusions drawn were reported previously in ARC’s
technical papers documenting several years of re-
search by ARC on agglomeration of bituminous and
subbituminous coals.

2.2.2. Single- and Two-Stage Processing

Two procedures were followed during charac-
terization of the coal samples in the Aglofioat
process:

1. A single-stage process where grinding coal to top
size of -600 um was sufficient for liberation of
pyrite and mineral matter from the coal organic
material (Figure 2.2).

2. Atwo-stage process with a regrinding of the
product coal from the single-stage to top coal size
of 150 um and dso ~ 25 um and reagglomeration
of the coal in order to achieve high pyrite and
mineral matter liberation in the process (Figure
2.3).

RAW COAL

CRINDING

BRIDGING OIL
110 5% 600,,, x0
WATER
AGLOFLOAT
TAILINGS 1
WET GRINDING
BRIOGING OL
150, 0
o 0.5 10 1.0%
AGLOFLOAT

o

TAILINGS 2 CLEAN COAL

Figure 2.3. Two-stage Aglofloat process with interstage
wet grinding.

The results of tests which compared single- and
two-stage processes for the selected U.S. coals are
depicted in Figures 2.4 to 2.7. Tne key conclusions
which may be drawn from these tests are:

+ Ash reduction increased by 2 to 4 percent (coal
basis) by going from single- to two-stage
processing.

« Total sulphur reduction increased by 0.5 to0 1
percent (coal basis) when using the two-stage
process instead of the single-stage process.

« The removal of inorganic sulphur increased from
50-55 percent to 60-80 percent by using the
two-stage process.

+ The recovery of combustibles decreased from
93-98 percent to 89-96 percent through the use of
the two-stage process.

~3
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Figure 2.4. Cleaning of Pittsburgh seam coal by Aglofioat process.

The choice of a single- or two-stage process for
processing of a selected coal sample would, there-
fore, depend on the level of ash and pyrite in the
sample and the cleaning level desired. High ash,
high pyrite samples containing particles of inorganic
materials with a wide size distribution would require
a two-stage process, whereas coals with large size

mineral matter particles or low ash and pyrite con-
tent could be cleaned in a single-stage process.

2.2.3. Effect of Sample Preparation on Ash and
Pyrite Rejection

A series of tests was performed to further evaluate
the single- and two-stage processes. Specifically,
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Figure 2.5. Cleaning of lllinois no. 6 coal by Aglofioat process.

tests to assess the effects of different degrees and
types of grinding, to compare single-stage wet grind-
ing to the two-stage Aglofloat process, and to com-
pare single- and two-stage processing to washability
tests were performed. The washability test is com-
monly considered a measure of the ease with which
mineral matter can be separated from coal.

Comparison of single-stage wet grinding to two-
stage processing using the same amount of bridging
oil (1 percent) is depicted in Table 2.4. It is shown,
again, that a second agglomeration and grinding
step reduced the ash content in the product and in-
creased the removal of inorganic sulphur.
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Figure 2.6. Cleaning of Indiana V coal by Aglofioat process.

A comparison of single-stage agglomerationto the  as an indicator of the ease with which mineral matter
float and sink test is presented in Table 2.5. The can be separated from a sample of coal. Float-sink
washability tests were performed using a modifisd at a density of 1.6 g/cm? seems to yield coal
float-sink procedure described by Franzidis and iHar-  recovery and ash content similar to the single-stage
ris (1986). The results suggest that both float-sink Aglofloat tests.
tests and single-stage agglomeration can be used

10
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Figure 2.7. Cleaning of Upper Freeport coal by Aglofioat process.
2.24. Effect of Coal and Oil Concentration with a slight increase in ash content observed for

high solid loading due to an entrapment of mineral
matter in agglomerates (Table 2.6).

* Aconsistent low ash and sulphur content in the
product was obtained over a range of bridging oil
addition (0.6 to 12 percent) with slightly higher
pyrite and ash content observed at high oil

Tables 2.6 to 2.8 depict the effect of coal and oil con-

centration on the ash and sulphur content of the ag-

glomerate products and on combustibles recovery.

The key effects presented are:

* An easy, good separation was obtained for a wide
range of coal concentrations ~ 10 to 25 percent -

1




Tabla 2.4. Effect of grinding on Aglofioat process
performances.

Table 2.7. Effect of bridging liquid addition on Aglofioat
process?2 performance.

Experl- Bridging inorganic Bridging Total
mental liquid Combust. Total sulphur  liquid® Combustibles Totai  sulphur
proce- addition® recovery Ash suiphur removal addition recovery Ash sulphur removai
dure (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Parent Coak - - 143 4.27 - Parent Coalc - 143 4.27 -
Wet grinding 0.6 98.9 8.7 3.04 3.2
folowedby 10 998 77 304 707 P4 e oy oo B2
single-stage 8.5 99.9 87 3.1 30.6
Two-Stage 0.5+05 985 64 284 763 120 99.9 89 320 283

a: Mixture of heavy oil and diesel oil in ratio 2:3.
b: llinois No. 6; Forms of sulphur: 1.98% pyritic, 0.15% suifatic
and 2.13% organic.

Tabls 2.5. Comparison of float-sink and Aglofloat testse.

Yield Ash
Float-Sink
1.4 g/em? 38.6% ~6.7%
1.6 g/em? 58.8% ~125%
Single-Stage Aglofioat 63.0% 10-11%

a: Performed with lllincis No. 6, 39.5% ash.
Top size 600 um, d50 ~240 um.

Table 2.6. Effect of solids concentration on Aglofioat
process? performance.

Sollds Concentration

(%) Total
Micro- Combust. Total sulphur
agglom- recovery Ash suiphur removal
eration Separation (%) (%) (%) (%)
Parent CoaP - 143 427 -

10 5.0 98.4 91 303 338

15 75 99.4 94 3.07 321

20 10.0 99.7 9.7 3.14 30.1

25 125 99 3 97 3.14 30.3
Nota NI;-V:‘M on dry
b Illmocs No 5, o! sulphz"d? 'gg% pymic 0 15% sulfatic
and 2.13% orgamc.

addition, again because of entrapment of the ash
in aggiomerates (Table 2.7).

+ Consistent, high combustibles recovery was
obtained at a bridging oil concentration above 0.5
percent. However, for concentrations less than 0.5
percent, the percentage of combustibles
recovered decreased slightly while the content of
ash and sulphur in the product remained the
same, within the analytical error (Table 2.8).

12

Note: All values on dry basis.

a: Single-stage process; b: Bitumen + diesel in ratio 2:3; c: lllinois
No. 6, Foms of sulphur: 1.98% pynitic, 0.15% sulfatic and 2.13%
organic.

Table 2.8. Effect of bridging liquid addition on Aglofioat
process® performance.

Bridging Inorganic
liquid Combustibles Total  sulphur
additlon® recovery Ash sulphur removal
(%) (%) (%) (%) (%)
Parent Coalk - 14.3 427 -

1.0 98.5 6.4 2.84 76.3
(0.5+0.5p

0.6 98.1 6.6 2.91 733
(0.5+0.1)0 .

03 97.5 6.7 2.86 75.6
(0.2+0.1¢
a: Two-stage; b: Mixture of heavy oil and diesel oil in ration 2:3;

¢: llinois No. 6; forms of sulphur: 1.98% pyritic, 0.15 sulfatic and
2.13% organic; d. Oil addition in each stage

It should be noted, that the minimum oil addition
required varied depending on coal properties. For ex-
ample, with Byron Creek fines, the Aglotloat process
required 5 percent of bridging oil for a 95 percent
combustibles recovery; for high sulphur U.S. coals,

1 percent of bridging oil was sufficient to achieve
high recovery. Typically, combustibles recovery of
about 95 percent was achieved with 0.5 percent of
bridging oil.

2.2.5. Effect of Ol Properties and Additives

Table 2.9 depicts results of single- and two-stage
processing for different bridging oil compositions
(heavy oil or bitumervdiesel 1:1 to 2:3). The resuits
suggest that good combustibles recovery and sig-
nificant reduction of ash and sulphur can be ob-
tained with a wide range of bridging oil properties.
However, as the content of the light oil in the bridg-



Table 2.9. Effect of bridging liquid composition on Aglofloat
process performance.

Table 2.11. Effect of bridging liquid composition on
Aglofioat process performancea.

¢. Ohi coal.

ing oil was decreased, the performance of the
Aglotloat also decreased (Table 2.9 10 2.11).

The poor Aglofioat performance, at low diesel oil
concentrations in bridging oil, was significantly im-
proved by the addition of selected surfactants (i.e.,
polydimethyl siloxan) suggesting that poor coal
recovery at diesel concentrations of 50 percent or
less is due to the bridging oil’s lesser affinity to coal.
The role of the surfactants would be, therefore, to
change the charges on the coal surtace or to im-
prove emuisification of the bridging oil by changing
charges on oil droplets. Both hypothesis are
plausible and should be further studied.

Experimental Bridging Combustibles Yotal Cleaned Coal
Procedure liquid* recovery Ash sulphur Bridging Combustibles Total
(%) (%) (%) liquid® Surfactant recovery Ash sulphur
Parent CoaP - 106 472  Composition *) ) %)
Hoawy Ol sDiosel 531 64 408 e aar i} ons 32 B2
. . ) 70%-30% - 33.8 45 3.39
g;f;gl:' Bllume(g:;)Dlesol 94.2 6.8 4,22 50%-50% + 913 5.7 3.85
ColdLake + Diesel 950 69 424 :°:::’s"m — o:’m‘ r :°';d — f“:ﬁxma"“
. : ;0. i a ;b o
(=) Cold Lake bogtom and dieseroi, ¢: Ohio coal.
Heavy Oil + Diesel 904 5.1 356
@3
Two-Stage B““"“;gg)"““' 807 S0 316 1obie2.12. Beneficiation of Byron Craek fines by Aglofioat
Cold Lake + Diesel 892 58 368  Process.
(1:1) Process Conditions
 Oil addition: 0.6% single-stage and 1.1% two-stage. Solids oll Combustibles
'gz Ohio cc;al:,Fonns :milp:m.ez% pynitic, 0. 2 :ulfatic and concen- addition*Additives Yield Recovery Ash
1.51% organic. tration (%) (%) (%) (%) (%)
Initial Feed - - 219
Table 2.10. Effect of bridging liquid composition on 10 0.6 - 770 862 125
Aglofioat process performances, 10 0.6 + 84.8 940 134
Bridging  Combustibles Toal Talings _25 50 v+ %0 958 158
liquid® recovery Ash sulphur ash Note: All values on dry basis.
composition (%) (%) (%) (%) a: Brooks oil.
Parent Coalc 9.2 4.72 -
50%-50% 94.5 7.2 452 53.1
55%-45% 95.7 70 456  sos  2.26. Treatment of Western Canadian Coals
Ao o 28 38 200 Aseries of separate tests were conducted for
70%-30% 238 45 339 117  beneficiation of western Canadian coals, including
— - TR — coal fines reject and precipitator dust from coal
b. ﬁ‘?x%,”;‘%a&ﬁ‘&"mmm de:dddo?l.m ' preparation plants. in general, use of the Aglofloat

procedures and bridging oil formulation developed
for the U.S. coals gave poor combustibles recovery
and ash reduction (Tables 2.12 and 2.13). Only after
the formulation of special bridging oils and the addi-
tion of surfactants, were the results with westem
Canadian coals comparable 1o those with U.S. coals.

Byron Creek Fines and Reject

Tables 2.12 and 2.13 show that for coal concentra-
tion of 25 percent, high performance of the
Agflotherm process (combustibles recovery >90 per-
cent, etc.) can be obtained only with high bridging oil
concentrations and the addition of surfactants.

Both Brooks oil and Cold Lake bitumen gave high
combustibles recovery and large ash reduction for a
bridging oil concentration of 5 percent, dry coal basis.

13



Table 2.13. Beneficiation of Byron Creek fines by Aglofioat
process.

Table 2.15. Beneficiation of Byron Creek fines by Aglofloat
process.

Process Conditions

Solids oll Combustibles
Concen- addition*Additives Yield Recovery Ash
tration (%) (%) (%) (%) (%)
Initial Feed - - 21.9
10 0.6 - 7.2 795 127
10 0.6 + 83.1 925 1341
25 0.6 + 80.4 89.5 13.0
25 20 + 84.4 93.0 135
25 5.0 + 86.7 942 141

Note: All values on dry basis.
a: Cold Lake biturran blend.

Table 2.14. ‘*ocovery of combustible material from Byron

Bridging Solids Combustibles
oir* concentration Recovery Ash
(%) (%) (%) (%)
Initial Feed - - 21.9
Cold Lake 10 92.5 13.14
bitumen blend
25 89.5 13.0
Brooks oil 10 94.0 13.4
25 93.9 14.0

Note: All values on dry basis.
a: Oil addition 0.6% on dry feed.

Table 2.16. Beneficiation of Byron Creek fines - effect of

Creek finas by Aglofloat processa. additional grinding on deashing.
ol Combustibles Experimental Qil Combustibies
addition® Yield Recovery Ash Procedure  Addition® Yield Recovery Ash
(%) (%) (%) (%) (%) (%) (%) (%)
Initial Feed - - 219 Initial Feed - - 219
0.25 62.6 703 12.3 Two-Stage
0.30 72.7 80.6 13.3 Aglofloat 2+2b 86.4 94.7 13.5
0.60 80.4 89.5 13.0 Wel grinding
2.00 8.4 3.0 135 followed 2 876 946 136
5.00 86.7 94.2 1414
, by Aglofloat
Note: All values on dry basis.
a: Single-stage with surfactant addition; Wet grinding
b: Cold Lake bitumen blend. foliowed by 2+200 827 91.0 10.1
Aglofloat and
Agglomeration
Table 2.14 depicts the effect of the addition of Note: All values on dry basis.
bridging oil on recovery of combustile materials a: Brooks cil; b: Oil additon in each stage.

using the single-stage Aglofioat process with surfac-
tant addition. As the bridging oil concentration ap-
proached 2 percent or more, high combustibles
recoveries were observed. However, the final
product also had increased mineral matter content.
As shown in Table 2.15, the type of bridging oil did
not make a significast difference to the process per-
formance or product yieid.

Table 2.16 compares the results of the two-stage
Aglofloat process to procedures which use a com-
bination of wet grinding, Aglofioat and agglomeration
with high oil concentration (20 percent). The latter
procedures were intended to test whether further
grinding of fines would improve the ash rejection.
The results show that no signiticant improvement
was obtained. The lower results for the Aglofloat
plus agglomeration process configuration were
primarily due to the dilution effect of oil.
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Table 2.17 depicts the effect of the type and
amount of bridging oil, with and without additives, on
the recovery and ash content of combustible
materials from Byron Reject, using the single-stage
Aglotloat process. Observations were similar to
those for Byron fines (Table 2.14); as the bridging oil
concentration increased, combustibles recovery and
product ash increased. The type of oil seemed to
have some effect on both product yield and combus-
tibles recovery, as Brooks oil resulted in higher
recoveries than did Esso Oil-bitumen blend.

Table 2.18 shows the effect of product yield and
combustibles recovery on product ash content. As
expected, higher product yield resulted in higher
combustibles recovery and somewhat higher ash
content of agglomerates.



Table 2.17. Beneficiation of Byron Creek reject by

Table 2.18. Effact of process performance on product

single-stage Aglofloat process. quality.
Bridging Liquid Combustibles Experimental Combustibles
Type Addition Additives Yield Recovery Ash procedure Yield Recovery Ash
(%) (%) (%) (%) (%) (%) (%)
Initial Sample - - 471 Byron Creek Reject - - 471
0.6 - 45.2 62.8 26.9 Single-stage 575 82.6 28.6
8 0.6 + 55.5 76.3 278 Wet grinding
rook 1. . . .
Y T 5ha 28 25 folowsdby 645 86.3 303
RS BT by single-stage
0.6 - 17. . .
Esso 0.6 + 414 500 250  Iwostage 494 733 26
Bitumen 1.0 + 5§18 712 280 Note: All values on dry basis.
Blend 5.0 + 65.1 87.7 322
Note: All values on dry basis.
Table 2.19. Recovery of combustble material from precipitator dust.
Process Conditions
Expsrimental ol Modtiers Combustible
procedure addition Surfact Depress. Yield Recovery Ash
(%) (%) (%) (%)
Initial Sample - - - - - 275
375 - - 69.4 85.1 10.2
Aglofioat 3.00 + - 65.3 82.1 9.6
3.00 - + 68.3 86.2 9.3
Agglomeration 16.75 - - 70.0 84.2 79
Obed Precipitator Dust The results suggest (Table 2.21) that ash in the coal

A sample of precipitator dust from a coal washing
plant was tested for beneficiation using the Aglofioat
process procedures. The results of several bench
tests using a combination of bridging oil at different
concentrations plus surface modifiers are shown in
Table 2.19. The results show consistently low yields
and combustibles recovery (80 to 90 percent) as
compared to the Aglofioat results for U.S. coals (in
the high 90's). What Is interesting, is that with the
Aglofloat process the recovery of Obed washed coal
was much better than the recovery of Obed
precipitator dust (Table 2.20). High yield and high
combustibles recovery (95 percent) were achieved
for all runs with Obed washed coal including those
with oil concentrations of 1 percent and those in
which surfactants were used. This suggests that spe-
cially suited surfactants might improve recovery of
Obed precipitator dust.

In an attempt to obtain better ash reduction in
Obed washed coal, two coal samples of different
sizes were processed using the Aglofloat procedure.

is uniformly and finely distributed and that further pul-
verization would provide little improvement in ash
removal.

A summary of the test resuits with Obed
precipitator dust, using different additives is depicted
in Table 2.22. It is shown that by using a combina-
tion of additives and bridging oil concentrations,
good ash reduction and reasonable combustibles
recovery can be obtained. The procedures call for
high oil concentration (3 percent) as compared to
the bridging oil concentration for U.S. bituminous
coals (0.5 percent).

2.2.7. Green Agglomerates Handling

A two-step procedure was tested for drying of green
agglomerates: 1) pressure filtration ot the ag-
glomerates; and 2) subsequent low temperature
drying of pellets made from pressure filter cake (Fig-
ure 2.8, Table 2.23). The results suggested that dry,
solid agglomerates can be obtained by pelletizing
the clean coal filter cake.
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Table 2.20. Beneficiation of Obed washed coal by
Agiotfloat processe.

Ash (%)
Combustibles
Addltives Yield Recovery Actusl Rejection
(%) (%)
Initial feed 14.2 -
+ 95.8 99.2 11.0 ~26
+ 92.2 96.1 10.5 ~3
- 933 97.3 10.6 ~30 .

Note: All values on dry basis.
a: Conditions: Solide concentration — 20% on dry basis; Bngmg
liquid ~ bitumen & diesel (2:3); Otladdmon-l%ondry

Table 2.21. Bonaﬂcaatnn of Obed washed coal by
Aglofioat processa.

Particle Combustibles Ash (%)
Size Yield Recovery Actual Rejection
(mm) (%) (%)

initial feed 14.2 -
100% minus 300 92.2 96.1 10.5 ~31
100% minus 150 94.9 98.1 10.9 ~25

Note: All values on dry basis.
a: Conditions. Solids concentration - 20% on dry basis ing
hqund mixture of bitumen and diesel; Oil addition - 1% on

2.3. Conclusions

Cleaning of bituminous coal was demonstrated
using the Aglofloat process in the batch laboratory
experiments. Addition of a combination of bridging
oil and surfactant, in single- and two-stage Aglofioat
procedures tests, resulted in product agglomerates
with a heating value of 13,000 Btu/ib or less, ash
content of 10 percent or more, and reduced total sul-
phur content of 30 percent or better. Total pyritic sul-
phur in coal was reduced up to 85 percent.

Two types of tests were used in the laboratory ex-
periments: single-stige and two-stage tests. The
two-stage Aglotioat procedure was a combination of
two single-stage tests with inter-stage grinding.

Six high sulphur bituminous coals from the U.S.
and four coal products and by-products from
preparation plants in Alberta were evaluated. In
general, the Aglofioat procedures and bridging oil for-
mulation developed for U.S. coal did not perform
well with the Alberta coals, and special bridging oil
formulations which included the addition of surtac-
tants were required for the Alberta coals.
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Table 2.22. Beneficiation of Obed precipitator dust.

Experl- (o]} Combustibles
mental addition Additives Yield Racovery Ash
procedure (%) (%) (%) (%)
Initial Feed - . 27.7
Single- 3.0 Surfactant 65.3 82.1 9.6
Stage 3.0 Depressant 68.3 86.2 9.3
Aglofioat 3.0 Sur.+Depr. 678 855 9.4
3.75 Suractant 69.4 85.1 10.2
Aglofloat 1675 Surfactant 70.0 842 7.9
followed  (3.75+
by Ag- 13.4)a
glomaeration

a: Oil addition in each step

Table 2.23. Dewatering of Aglofioat producta by pressure
fittration®,

Cake-forming Drying Cake
Product time(s) time(s) moisture
(%)
Single-Stage 8 - 28.4
8 120 17.6
Two-Stage 12 - 59.3
12 120 314

pper Freeport coal; Bitumen and diesel (2:3) - bridgin
Isqund Oil addition - 0.6% for single-stage procedure; 1.0% for

two-stag @ procedure
tions: Pressure — 40 psi; Cake Thickness — 16 mm.

Tests comparing the performance of single- and
two-stage Aglofloat with the U.S. coals showed that
atthough the two-stage process resulted in the
removal of more ash and inorganic sulphur, it also
resulted in a higher loss of combustible materials.
The choice of single- or two-stage process would
therefore depend on the level of cleaning and coal
recovery required for each specific coal.

Comparison of the single-stage process to the
float and sink test suggested that both can be used
as a measure of the ease with which mineral matter
can be separated. The washability curves were
similar for both methods.

Good separation of mineral matter and pyrite was
obtained for a wide range of coal and oil concentra-
tions. However, with oil concentrations less than 0.5
percent, combustibles recovery decreased rapidly.
The minimum oil concentration required depended
on the coal properties, e.g., Byron Creek fines re-
quired 5 percent of oil for a 95 percent combustibles
recovery while lllinois No. 6 required only 1 percent.



Bridging oil properties did not significantly affect
the Aglofloat performance, provided that the content
of diesel in the bridging oil was kept above 40 per-
cent. At lower diesel oil concentrations, with Cold
Lake bottom, the Aglotioat performance
deteriorated. The performance could, however, be
restored with the addition of surfactants, suggesting
that poor coal recovery might have been due to a
lesser affinity of the major bridging oil component
(Cold Lake bottom) for coal.

A series of separate tests were conducted with
western Canadian coals to modify the Aglofioat pro-
cedures for these coals. With these coals the
Aglofloat performance was more affected by the
bridging oil concentration and properties, by the sur-
factants added, and by the coal properties than was
the case with U.S. coals. As a result, a special bridg-
ing oil formulation was developed for western
Canadian coals. The Aglofloat procedure as
moditied for use with westem Canadian coals also
required the addition of 3 percent of oil versus 0.5
percent for the U.S. bituminous coals.

MICROAGGLOMERATES

TAR EMULSION AGGLOMERATION

— e —

MACROAGCLOMERATES

SEPARATION ANO
PELLETIZATION

PELLETS

DRYVING
MICROWAVE / THERMAL

MICROWAVE RESULTS
1 min, ~12.4% molsture
2 min. -6.7X molsture
3 min. =1.7% molslure

THERMAL RESULTS

1 min - < 1.0X moisure

Figure 2.8. Green agglomerates drying tests.
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3. Design Studies of Agglomeration Mechanisms

3.1, Fundamentals of the

formation of pellets from finely pulverized coa! par-
Aglaﬂoat Process ticles suspended in water. Agglomeration results
in Volume 1, “Upgrading of Low Rank Coals: the from inter-particle collisions and adhesion of par-
Agflotherm Process”, a model of spherical ag- ticles in a high shear agitation vessel in the
glomeration for prediction of the growth pattern of presence of bridging liquid. The integrity of the ag-
the agglomerates was presented. Howaever, this glomerate depends very much on the capillary for-

description was limited to agglomeration conditions ces caused by the presence of bridging oil between

characterized by over-critical bridging oil concentra-  the particies. The strength of the capillary forces,

tion. This section, describes the model’s principles which determines the tensile strength of the ag-

and application in conditions characterized by under-  glomerate, depends on the amount of bridging oil in

critical bridging oil concentration, conditions which the pore structure of the aggiomerate.

are more relevant when explaining agglomeration The states of iquid saturation have been identified

mechanisms in the Aglofioat process. as pendular, funicular and capillary (Figure 3.1). In
Like agglomeration in the Agflotherm process, ag-  the pendular state, a small quantity of oil results in

glomeration in the Aglofloat process beging withthe  formation of liquid bridges between individual par-

BONOS DUE TO NECATIVE CAPHLARY PRESSURE AND SURFACE TENSION

Chonge of the scturation
stote o8 g resuit of:

q) Incrensing the amoun W %- ‘ %.

e oy OB @ §&F
»

v Gl & &

PARTICLES SUSPENDED
PENOULAR FUNICULAR CAPILLARY IN BONDING UQUID

| —Region of plasticity

TENSILE STRENGTH

0.25 0.50 0.78 1.0 .29
SATURATION

Flgure 3.1. Schematic representation of agglomerates formation.
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ticles. In the funicular state, oil bridges coexist along
with some pores which are filled totally with bridging
oil, while in the capillary state the pore space be-
tween particles is completely filled with oil.

Figure 3.1 depicts the relationship between the
strength of the agglomerates and bridging oil satura-
tion. The agglomerates’ strength approaches its max-
imum when saturation exceeds 0.8, i.e., at its
capillary state.

Growth Pattern for Under-Critical Oll Addition

Szymocha et al. (1989) have recently presented a
model of a spherical agglomeration process based
on the ARC and University of Alberta work on coal
agglomeration in pipeline loops and stirred vessels
and on published models of agglomeration. The
model presents a number of technical implications
for the Aglofioat process, as well as conceptualiza-
tions of the process. Some of the key features of the
mechanism of this mode! are presented below.

The model postulates that the growth of ag-
glomerates proceeds in a step-wise manner with
three growth steps distinguished, i.e., primary,
secondary and tertiary agglomerates formation
steps (Figure 3.2). Each growth step is charac-
terized by a different growth rate, growth factor and
duration. Depending on the complexity of the system
and the agglomeration condition we can see a suc-
cession of the agglomerates saturation states (pen-
dular, funicular and capillary) for each growth period
(Figure 3.3). A description of each growth period
presented in Figure 3.3 is given below.

Wetting Ferlod: No growth of agglomerates is ob-
served in this period. The intensive mixing of the
coal-water and bridging oil slurry results in disper-
sion of the bridging oil into fine droplets which are ab-
sorbed into the coal particles. The wetting period
ends with phase inversion, i.e., the slurry suspen-
sion changes color and small fiocs made of coal and
bridging oil are formed. The inversion is considered
complete when the slurry starts to show separation
between coal and mineral matter.

Growth Period: This period starts with the thick-
ening of the flocs and their coalescence, and with
formation of primary agglomerates. The state of the
primary agglomeratas changes from pendular to
funicular which results in an increase in the strength
of the agglomerates. The number ot particles per ag-
gregate may range from two to five, depending on
the bridging oil concentrations, with the agglomera-

@) Primory ag@omaerate formation
Pandulor Funiculor Capitary
0 loyer slate slate siale
et g
— E-{\\\ —~— KRy — W
% P TEY &Y 52
I
Saild @ NVERSION CONSOLIDATION
b) Secondory aggiomerates formation
Fuilculor state Copllary etate
B B @ - @
@ @ 4"~ (X} q“
COALESCENCE COMPAC ION
¢€) Terllory aggiomeraies lormation
O \
—
O
COALESCENCE COMPACNON

Figure 3.2. Agglomerate formation stages.

tion and redispersion of the aggregate acting as size
averaging factors.

Consolidation Perlod: The agglomerates are fur-
ther densified (compacted) during the consolidation
period and porosity of the agglomerates is gradually
reduced with available bridging oil filling up the pore
space. The result is a shift of agglomerates from a
funicular to a capillary state and a further increase of
agglomerates’ strength. In this state, referred to as
the dry surface state, the amount of bridging oil at
the agglomerate surface (outside) is not sufficient \o
coalesce the impacting agglomerates. However, as
agglomeration proceeds, further densification of the
agglomerates results in the “squeezing out” of the
brdging oil, and formation of a wet surface state
which is reflected in lower strength and increased
plasticity of the agglomerates. The increased plas-
licity of the agglomerates sets a favorable condition
for deformation and coalescence of the surface wet
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Figure 3.3. Relationship batween growth factor, growth periods and oil saturation states.

agglomerates, and for initiation of the second growth
period.

Second Growth Period: In the secund stage of
agglomerate growth, primary agglomerates ag-
gregate into larger secondary agglomerates which
have a “raspberry” type structure, and, initially, are in
a funicular state (Figure 3.2b). Tha growth rate is
determined by the fusion of the primary ag-
glomerates, which depends on the plasticity of the
aggregate.

Compaction Perlod: The assemblages created
during the second agglomerate growth period are in
the funicular state. Subject to compaction, the secon-
dary agglomerates undérgo plastic deformation and
porosity reduction and gradually acquire a spherical
shape and a smooth surface. They can be in a dry
or wet surface state depending on the bridging oil
concentration. If they are in a wet surface state, the
agglomerates will undergo a third growth period.

Third Growth Perlod: Typically at this stage, the
assemblages are already large and further growth in-
volves collision of these assernblages, usually in
pairs, to create bigger ones. After compaction, newly
created assemblages can participate once more in
the growth process (collision, bonding, deformation,
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compaction) until a final dry surface state is
achieved. The final size of the agglomerates is,
therefore, a function of the amount of bridging oil.

Equilibrium Period: After reaching the final dry
state, the agglomerates are very strong and rigid.
They do not possesss sufficient plasticity to deform
and form bonds on collision. The “equilibrium” state
agglomerates can keep a constraint size for a
prolonged time. In one experiment reported, it took
over 300 hours of hydrotransportation before any
breakage occurred (Pawlak et al., 1985).

Effect of Bridging O! Addition on Final Agglomerate Size

Four different growth pattems can be distinguished
depending upon the amount of bonding liquid -
regions A, B, C, and D in Figure 3.4. Each region is
characterized by a different number of growth
periods and different growth factors. For example, in
region A, for relative oil concentration below 0.42,
only one growth period is observed. The primary ag-
glomerates achieve a final size which does not un-
dergo any further changes under prolonged
agitation. Growth factor d* for region A varies from 1
(at C*=0.04) to 1.6 (at C*=0.42). Where




GROWN: FaCTOR

Figure 3.4. Growth regimes for the agglomeration process.

Co

C=
Coor
and
C, = oil concentration, % d.a.f. basis
Cocr = critical oil concentration, % d.a.t. basis

In region B (i.e., relative oil concentrations C* in
the range from 0.42 to 0.60), growth takes place in
two steps. In the first step, the growth factor in-
creases from 1.6 (at C* = 0.42) t0 1.9 (at C* = 0.60),
and for the second step, from 1 to 1.4. As a result of
this two-step growth, the particle size increases from
1.6 (at C* = 0.42) to0 2.6 (at C* = 0.60). In region B,
as compared with region A, a longer agglomeration
time is needed to complete the growth of ag-
glomerates.

In region C, three growth steps are distinguished.
In the first step, the size of agglomerates increases
from 1.9 (at C* = 0.60) t0 2.60 (at C* = 1.0). In the
second step, the size increases by a factor of 1.4,
Figure 3.4 shows the increase in size during the
third growth step. In region C, the time required to
reach the final size is significantly longer than for
region B.

It oil concentration exceeds the critical value (C*
1), growth accelerates; growth periods start overiap-
ping and eventually become indistinguishable. In
region D, the agglomerates grow very quickly, but
their growth rate varies remarkably and finally the
system enters the size instability region. As the rela-
tive oil concentration increases, the maximum size

Renge ot
SO\ wie onenges

nowne facron o

Figure 3.5. Relationship between growth factor and oil
concentration.

of agglomerates diminishes. In region E (see Figure
3.4), because of a significant excess of oil, ag-
glomeration does not proceed and the product is
recovered in the form of a paste.

Experimental results for a range of oil-coal con-
centrations are presented in Figure 3.5. These
results support the Sherrington model (Sherrington,
1968) and confirm that the median diameter of the
agglomerates increases exponentially with the
amount of bridging liquid.

The relationship between the growth factor d* and
the oil concentration C, can be obtained from the fol-
lowing equation:

t

4 1-e g C, |3
) € [} 100
Where:

d* = growth factor (da/d)
t = withdrawal factor

d'=
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GROWTH FACTOR a°

T E minutes

Figure 3.6. Kinetics of Agglomeration process of lllinois #6
coal. @ ds;=225 pum, 1800 rpm; @ dgy=40 um, 180G
PM; A dgg=4Q um, 1890 rpm.

€ = porosity of agglomerate (dimensionless)
s = solid density (kg/m)

q = liquid Gensity (kg/md)

C, = oil concentration, % d.a.l. basis

3.2. Batch Tests and Results

3.2.1. Kinetics of Bituminous Coal Agglomeration

Szymocha, et al. (1989) report that several factors in-

fluence the kinetics of coal aggiomeration and the

size of coal-oil agglomerates. A list of these factors

appears in Section 3.2.1., \olume 1 of this repont.

The selected key factors studied in the aggiomera-

tion of bituminous coals were:

o coalparticle size ~ -

* intensity of mixing

» 0il concentration

* solids concentration

+ coal desliming

* design of the mixer.

The results of the completed tests are depicted in

Figures 3.6 to 3.10. The key conclusions which can

be drawn from these tests are:

+ The mean coal particle size, dg,, had an effect on
the growth factor at the beginning of the process
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Figure 3.7. Kinetics of Agglomeration process for Dodds
coal. ®C,=14%; BC =18%;* C,=x22%; ® CO=26%.

(up to 40 minutes). When the agglomeration time
was extended ( 40 min), the difference in growth
factors for the particle size studied appeared to be
negligible.

+ Higher bridging oil concentration leads to larger
growth factors at all agglomeration times (Figure
3.7). The effect of bridging oil concentration
appears 10 be much stronger than the effect of
factors such as intensity of mixing.

 The growth factor can sometimes vary quite
significantly with only a small ditference in bridging
oil concentration, provided that sufficient
agglomeration times are allowed (Figure 3.8).

CROWTH FACTOR d°

i P ke P SN
¢ 3 10 13 2 3 X I & 3 0 33 L 63 W 3 W

TME, minutes

Figure 3.8. Influence of oil addition on growth ag-
glomerates from lllinois coal (Mixer M-260). @ Cy=11%;
€C,=12.5%.
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Figure 3.9. Batch tests on kinetics of the agglomeration process for Ohio coal.

+ Design of the mixer can have a strong effect on
the rate of growth and on the size of the product
(Figure 3.9). Presence of baffles in the mixer often
improves the agglomeration kinetics and product
size.

+ Desliming of coals containing a high percentage of
mineral matter was found to have a significant
effect on the agglomeration kinetics and the size
of the agglomerates. Reduction of mineral matter
content increased the agglomerate size by a
factor of 2 (Figure 3.10).

3.3. Conclusions

A model describing the growth pattem of ag-
glomerates during application of the Aglofloat
process was developed. The model suggested that
for under-critical bridging oil concentrations the size

of the agglomerates depends on the amount of
bridging oil. The model also postulated that the
growth of agglomerates proceeds in a step-wise
manner with three growth steps, each characterized
by a different growth rate, growth factor and duration.

The effect of bridging oil addition on final ag-
glomerate size was described by an empirical equa-
tion correlating the growth factor d” and the oil
concentration in the agglomerates. The experimen-
tal results showed good correlation between the
predicted and actual agglomerates growth, at dit-
ferent oil concentrations. The strength of the ag-
glomerates depends on the amount of oil,
compaction and pore structure of agglomerates
(Schubent, 1977, Tanaka et al, 1985).

The batch kinetic tests showed that the key fac-
tors influencing the agglomeration of bitumen coals
were:

« coal particle size,
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* intensity of mixing, bench-scale continuous pyrite removal unit (CPRU)
+ oil concentration, -and pilot plant facilities (IATF) for the Aglofioat

* coal desliming, and process. Details of the designs and experimental

* design of the mixer. results obtained in the CPRU and IATF are

presented in Chapter 4 and 5 of this report.
The full effect of these factors on the agglomerate
kinetics was considered in the development of the
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4. Continuous 5 kg/hr Pyrite Removal Unit (CPRU)

4.1. CPRU Design for the
Aglofloat Process

The overall objectives of the Continuous Pyrite
Removal Unit (CPRU) was to study the removal of
small pyrite particies from the floatation flocs (see
Appendix 3) and to investigate the process perfor-
mance for different equipment configurations, par-
ticularty the flume (stationary bed) separator. A
graphic representation of the flume separator ap-
pears in Appendix 3. The specific objectives were to
evaluate the technical feasibility of using the flume
and hydraulic separators for pyrite removal, to
develop design criteria for scale-up of the hydraulic
separator, and to assess the separator performance
in terms of combustibles recovery and sulphur reduc-
tion.

4.1.1. CPRU Design Specifications

The bench-scale, continuous unit included equip-
ment for conditioning of coal-water siurry, for ag-
glomeration of the slurry, for floatation of the
microagglomerates, and for pyrite separation from
the coal flocs (microagglomerates).

The nominal design specifications for the CPRU
were:
Solid Throughput: 2.5 to 7.5 kg/hr of coal (as
received).

Equipment Configuration: a slurry conditioning
tank followed by a high shear mixer, floatation cell
and pyrite separator (hydraulic or flume separator).

Hydraulic Classifler: a 4.75 liter vessel consisting
of floatation, washing and settling zones. A DEN-
VER D12 floatation machine is used in the floatation.

Flume Pyrite Separator: a 110 mm wide and 700
mm long vessel with spikal feeder (transfer) for the
frother, and total holding capacity of 1.8 liters.

Slurry Tank: 1.5 liter capacity, acrylic tank, with 1/8
hp agitator.

Agglomeration Tank: 1.4 liter capacity, acrylic tank,
with 1/8 hp agitator, and turbine impeller.

Utlilties: water, 2 liters per minute; electricity, 50
amp 110 V.

Space: 10 square meters, with a floor track
drainage systern.

The following sections describe the equipment
used, the work performed and the design methods
developed in the CPRU.

4.1.2. CPRU Process Flowsheet

Figures 4.1 and 4.2 present two CPRU process con-
figurations. The unit includes the following major
equipment.

+ slurry conditioning tank

* high shear agglomeration tank

* floatation cell (or flume pyrite separator)

* hydraulic classitier

4.1.3. Major Equipment and Instrumentation

Slurry Conditioning Tank

The coal slurry conditioning tank is made of acrylic
pipe with a conically shaped bottom and has a
capacity of 1.49 liters at 1200 pm. It has a 139 mm
intemal diameter and is 210 mm high. The tank is
equipped with a mixer set. The mixer set has a 1/8
hp motor and one mixing irpeller.

High Shear Agglomeration Tank

The high shear tank has a capacity of 1.43 liters at
1750 rpm, an inside diameter of 126 mm, an inside
depth of 206 mm, and a centerline depth of 230 mm.
it is equipped with a 1/8 hp mixer with a turbine im-
peller.

Floatation Cell

The floatation cell has a working volume of about
2.75 lters at 100 rpm. The cell is equipped with a
overflow weir device which controls the pulp level
and extended froth retrieval paddies.

Hydraullc Separator

The hydraulic separator has a working volume of

4.75 liters at 1100 rpm (Figure 4.3). The separator is

cylindrical in shape and has three zones:

» Washing zone: The washing zone is rectanguiar
in shape with a length of 104 mm, a width of 85
mm, and a depth of 103 mm. The dimensional
volume of the wash zone is about 1.1 ltters,
however, the zone is equipped with high
penetration water wash nozzles and the working
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Figure 4.1. Continuous pyrite removal bench unit
(system 1),

volume is expected to be lower. The water wash
nozzles can operate in the 6 to 30 kg/h range and
they penetrate the froth about 50 mm.

* Floatation zone: The fioatation zone is 140 mm
in diameter, has a 149 mm depth and is equipped
with long stationary baffles to dampen the axial
motion of the floatation impelier within the settling
zone. The baffles are 89 mm long and 12 mm
wide. A DENVER Floatation Machine, Model D12,
is used in the hydraulic separator and was
equipped with a variable speed control, a pm
tachometer, and a self aeration impeller system,
The approximate air input to the floatation cell is
1.4 liters/minute at 100 rpm.

* Settling zone: The settling zone is 131 mm in
depth. The flow stabilizer is cylindrical in shape
with a diameter of 60 mm, and an overall height of
88 mm. The bottom of the settling zone is conical
in shape at an angle of 30 degrees.

Details of the hydraulic separator are given in Fig-
ure 4.3.
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Figure 4.2, Continuous pyrite removal unit (system 2).
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Figure 4.3, Hydraulic separator.
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Figure 4.4. Flume separator.

Flume Pyrite Separator

The separator acts as a replacement for the floata-
tion cell (Figure 4.2). The separator is 110 mm wide
and 700 mm long. It has a total holding capacity of
1.8 liters. The separator is equipped with a spiral
feeder (transporter) powered by a 1/8 hp motor-gear
assembly (Figure 4.4).

The equipment operates by means of water flow
which carries the washed microagglomerates to the
bend sieve. Pyrite particles are collected in four sta-
tionary bed cones from where they are removed with
the tailings.

4.2. CPRU Operating Experience and
Optimization

4.2.1. Unit Commissioning and Results

The pyrite removal from coal microagglomerates or

floatation flocs was investigated in two process con-

figurations, namely: -

1. System 1 consisting of a floatation cell followed
by a hydraulic classifier (Figure 4.1).

2. System 2 including a flume pyrite separator and a
hydraulic classifier (Figure 4.2).

In the initial tests, both systems were evaluated
for their performance, then the results of these tests
were compared to standard washability tests per-
formed by DOE and ARC using Upper Freeport
bituminous coal with pyrite content of 2.17 percent.
The results of the evaluation tests are presented in
Figure 4.5. Performance of both systems is closely

correlated with the washability curve which suggests
that:

+ The primary mechanism (selection) in operation is
that of separation of pyrite from coal material due
to the gravity difference between these materials.
The effectiveness of the separation for both
systems, approached the separation limit for the
Upper Freeport coal as defined by the washability
test.

For the conditions studied, System 1 yielded
higher coal recovery and higher sulphur content in
the product than System 2; however, operations at
lower coal recovery would reduce the coal
recovery and sulphur level in the clean coal
product to levels shown for System 2.

The commissioning of the unit was conducted
over a period of several months. The major equip-
ment modifications implemented were:

» A second high shear mixer was installed in series
to enhance the oil the combustible solids contact,
to reduce the oil dosage requirement, and t0
improve the overall combustibles recoveries.

A second fioatation cell was designed, fabricated
and installed in series with the floatation tailings to
improve combustibles recoveries.

Accumulation vessels were instalied on both the
floatation cells and the bench scale hydraulic
separator to enhance the removal of sulphur and
ash rich particles and to improve the repeatability
of experimentation.

Atemperature controlled feed water source was
installed to maintain higher system temperature,
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to improve oil dispersion and coal/oil wetting within

the high shear mixer.

Following the commissioning, the unit operated at
its nominal capacity of 5 kg/hr of feed coal. Typical
results for System 1 for Upper Freeport and Ohio
coals are presented in Table 4.1.

4.2.2. Parametric Studies for Systems 1 and 2

Figures 4.1 and 4.2 present the two alternate pyrite
removal process configurations studied (Systems 1
and 2). The major factors which varied in these
studies were the coal feed rate and the bridging oil
concentration. A summary of the completed test
results follows.

System 1

Table 4.2 and Figure 4.6 depict the performance of
System 1 for Upper Freeport bituminous coal using
bitumen and diesel oil at a 2o 3 weight ratio as
bridging oil. The key conclusions and trends
presented in Table 4.2 are:

* High combustible recoveries were obtained for the
conditions studied, i.e., coal feed 2.16 10 5.14
kg/hr and oil concentration 2.4 to 6.2 percent.

* Overthe range of coal feed rates and oil
concentrations above, the total sulphur removal
ranged from 28 to 36 percent, pyrite sulphur
removal ranged from 46 to 59 percent and
inorganic sulphur removal (pyrite + sulphites, etc.)
ranged from 50 to 62 percent.

* The majority of the pyrite was removed in the
floatation and separation steps (Figure 4.6).

System 2

Performance of System 2 with the Upper Freeport
coal is summarized in Table 4.2 and Figure 4.7. The
major conclusions from the data presented are:

* The percentage of sylphur reduction for Upper
Freeport coal ranged fromi39 to 49 percent for
total sulphur, 50 to 72 percent for pyritic sulphur
and 64 to 70 percent for total inorganic sulphur.

* The larger percentage of sulphur removal in
System 2 as contrasted with System 1 may be
due to higher sulphur contents in the coal feed
samples. This conjecture is supported by the fact
that the sulphur content is higher (total and pyritic)
in the product ot System 2, than in the product of
System 1.

Table 4.2 also presents, for comparison, deashing
and desulphurization data for Upper Freeport coal
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Figure 4.5. Cleaning of Upper Freepont coal by Aglofioat
process in continuous pyrite separation unit (5 kg/r).
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Table 4.1. Pyrite removal in CPRU (System 1)a

Feed Product Sulphur
Ash Total Ash Total removal, %
Coal sulphur sulphur Total Pyr. Inor.
Upper

Freeport 122 23 84 1.6 6 51 54
Ohio 97 46 55 35 27 36 43

a: Feed rate ~ 5 kg/hr, oil addition ~ 2%,

using the single-stage Aglofloat procedure in a balch
mode. This comparison suggests that the deashing
and desulphurization performance of Systems 1 and
2 is equal or better than that which could be ex-
pected from the single-stage Aglofloat process.
Table 4.2 also compares the performance of the
CPRU to single- and two-stage batch processes. As
indicated by the product properties, CPRU perfor-
mance falls between the single- and two-stage
processes.

Table 4.3 presents additional Aglofloat data for an
equipment configuration which bypasses the floata-
tion step and, therefore, indirectly indicates the im-
portance and impact of the floatation step on the
overall circuit performance in System 1. Comparison
of the results in Table 4.3 for tests C-6 and C-7 with
the results of the reference test C-5, suggests that
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Figure 4.6. Overall material balance for pyrite removal for system 1 (Runs C-3 and C-5).

removal of 1/2to 1/3 of the pyritic sulphur is possible  recovery and the amount of bridging oil required

during floatation and that this step is an important could be improved by further refinement of the

unit operation in the overall system (System 1). CPRU.

Bypassing the floatation cell not only decreases the Figures 4.9 to 4.11 show the effect of variation in
overall pyrite removal but also reduces the perfor- bridging oil addition in the range of 2.0 to 3.0 percent
mance of the hydraulic separator (Figure 4.8). (dry coal basis) on combustible recovery, and total

sulphur and pyrite sulphur in the products collected
4.2.3. Steady-State Studies with lllinois #6 Coal from the hydrauiic separator. The key conclusions

A series of tests was performed, using lliinois #6 from these e xpernmemg were: ; :
. o » For the oil concentration range studied, oil
coal, to establish the repeatability of the CPRU concentration did not influence the amount of
.results and to evaluate steady-state operation of combustibles recovered (Figure 4.9)
System 1. It was also felt that the combustibles 9 i

Table 4.2. Cleaning of Upper Freeport coal in continuous pyrite separation untt.

Initial Coal Product Sulphur reduction
Coal ol Recov.

Test cap. add. Ash TotalS Ash TotalS Pyr. Total Pyr. Inorg.

(kg/hr) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
System 1
C-2 3.8 2.2 13.0 217 8.2 1.57 0.67 32 52 58
C-3 4.6 1.9 13.0 217 8.5 1.54 0.61 a3 s9 62
C4 2.16 6.2 12.2 230 9.5 1.70 0.72 28 48 50 94
C5 5.14 24 12.2 2.30 84 1.55 0.67 36 51 54 95
System 2
c-21 537 2.20 16.5 2.27 9.6 1.36 0.47 44 62 64 92
Cc-22 5.85 2.38 16.5 2.27 9.5 *1.26 0.39 49 69 70 92
Batch System
Aglofloat - 2.0 12.3 2.33 8.4 1.49 - 40.9 60 64 94
Single-Stage - 0.6 12.3 2.33 9.2 1.65 - 34 - 52 97.4

Note: All values on dry basis. Bitumen and diesel cil in 2.3 ratio. Feed particle size the same for batch and continuous tests (dso
approx. 220um).
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Figure 4.7. Overall material balance for pyrite removal system with flume separator.

» Total sulphur in agglomerates also was not
influenced by an increase in bridging oil
concentration (Figure 4.10).

» The pyritic sulphur content in agglomerates was
influenced more by a non-controlied operating

parameter than by the change in oil concentration,

as indicated by the wide scatter of the data.
A second series of tests was carried out on Sys-

tem 1 with lilinois No. 6 ROM coal to study the effect

of hydroseparator operating parameters on ag-
glomerate product properties. Detailed data for

these tests are presented in Appendix 2, Tables A2.1
to A2.5. These data are summarized in Figures 4.12

1o 4.14. The key conclusions depicted are:

Table 4.3. Cleaning of Upper Freeport coal in continuous pyrite separation unit.

+ CPRU was capable of recovering over 75 percent
of combustibles with sulphur reduction of about
35% (Figure 4.12).

+ CPRU product had a reduced pyritic sulphur
content (~ 1.3 percent, w/w dry basis) at
combustibles recovery of over 75 ,.ercent (Figure

4.13).

» CPRU ash washability curve (Figure 4.14)
showed somewhat lower combustibles recovery
than for standard washability curves, with the

same ash content in the product.

Initial coal Product Sulphur reduction
Coal ol
Test cap. add. .Ash TotalS Ash TotalS Pyr. Total Pyr. Inorg. Recovery
(kg/hr) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
C-5(Ref) 5.14 24 12.2 2.30 8.4 1.55 0.67 36 51 54 95
(of:) 5.34 2.28 123 2.06 9.0 158 0.77 26 a7 43 Floatation
slep bypassed
C-7 5.34 2.28 123 2.06 9.6 1.75 0.91 18 26 33 Floatation
step bypassed
& sprinkling
discontinued.

Note: All values on dry basis. Bitumen and diesel oil in 2:3 ratio. Feed particle size the same for batch and continuous tests {dso

approx. 220 um).
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Figure 4.8. Overall material balance for pyrite removal in systems with bypassed floatation step (Runs C-6 and C-7).

The tests completed provided a basis for scale-up
of the hydraulic separator for the large pilot plants
(IATF).

4.2.4. Scale-up of the Hydraulic Separator

The design used for the scale-up of the hydraulic
separator subdivided the separator vessel into three
zones: the floatation zone, the settling zone and the

washing zone (Figure 4.15). The procedures used in
the design of each zone are described below:

Floatation Zone

The scale-up procedure for the design of the floata-
tion zone used kinetic test data for floatation of
microagglomerates and empirical correlations
derived from manufacturers' designs for floatation
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Figure 4.9. Effect of oil concentration on combustible mat-
ter recovery. ® Runs 6, 7, and 8; @ Runs 3 and 4.

Figure 4.10. Effect ot oil concentration on total sulphur
content, ® Runs 6,7, and 8; ® Runs 3 and 4.
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cell geometry and impeller dimensions. Specific

design parameters used were:

* Floatatlon time required: derived from the
floatation kinetics tests data for lilinois #6 coal
(Figure A3.1 in Appendix 3).

* Floatation zone volume requirement: calculated
from slurry feed rate, solid loading and density.

* Volumetric safety factor: estimated at 25 percent
of the floatation volume.

Figure 4.12. Total sulphur washability curve for lllinols 6
coal. O Runs 6, 7, ané 8; O Runs 3 and 4.

= Geometric cell configuration: calculated from an
empirical relationship between cell volume and
cell depth based on manufacturers' data (Figure
A3.2 in Appendix 3).

Based on the design calculations, the floatation
zone for the IATF hydraulic separator is cylindrical in
shape with a depth of 432 mm and a diameter of
508 mm. The discharge paddle assembly has a
steep angle of 60 degrees to allow unobstructed
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Figure 4.13. Pyrite washability curve for illinois 6 coal.
O Runs 6,7,and 8; ORuns 3 and 4; O wash pyrite
d23- 150 um.
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Flgure 4.14. Ash washability curve for Illinois 6 coal.
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drainage of water and sulphur/ash rich particles.
The width of the discharge trough is 356 mm. The
impeller is 254 mm in diameter and can be posi-
tioned over a range of depths.

Settling Zone

The settling zone was defined by three regions: the
spiral settling region, the bed washing region, and
the vortex region (Figure 4.15). The critical
parameters defined in the design were:

+ Geometric constraints: zone diameter, depth
and angle of the conical shaped bottom.

* Velocity assumptlons: critical velocities for each
region plus velocity at the interface of the settling
and floatation zone.

* Flow batffles: designed to achieve the required
velocities within each region. ‘

Based on the design calculations, the settling
zone for the IATF is 508 mm in diameter and 432
mm in depth. It is equipped with a conical shaped
bottom with a 30 degree angle to allow continuous
removal of solids and to stabilize a semi-stationary
solids bed. The flow stabilizer is 321 mm in
diameter, 271 mm in height and is positioned 120
mm from the bottom of the floatation zone. The baf-
fles are 100 mm in width, tapered at the center of
the settling zone, and cut short of the flow stabilizer
S0 as not to protrude into the vortex region.
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Figure 4.15. Settling zone velocity contiguration.

Washing Zone

The design of the washing zone was based on the

following constraints:

* Maximum zone depth: defined by the floatation
zone depth and location of the communication
region between the three zones.

* Incline of the washing zone: a 39 degree angle
1o the horizontal was selected.

+ Surface area ratio: between the floatation and
the washing zc ne, based on the CPRU.

» Froth communication ratio: the CPRU froth
communication ratio between the floatation and
washing zone was maintained.

4.3. Conclusions

Studies of coal cleaning performed with Systems 1
and 2 indicated promising results for both systems.
Both unit processes showed reduction of pyrite in
the agglomerates; however, the flume separator was
found to be more operationally complex than the
floatation cell. As a result, System 1, including the
floatation ceil and hydraulic separator was selected
for the Aglofioat process configuration.

The experiments conducted with high sulphur Il-
linois No. 6 coal indicated that at best conditions ob-
tained, the combustibles recovery ranged from 75 to
80 percent, the total sulphur reduction ranged from
50 to 55 percent, the pyritic sulphur reduction
ranged from 72 to 77 percent, and the ash reduction
ranged from 82 to 86 percent.

The operating parameters identified as important
for optimization of the process were:

» oil concentration.

« frother concentration.

high shear mixing speed.

high shear mixing time.

size of the coal.

solid loading in floatation cell.

The tloatation cell removed about 65% of pyritic

sulphur while the hydraulic separator was respon-

sible for removing the remaining 35% of pyritic sul-
phur.

Specific operational issues found with the CPRU
were:

« Sufficient wash water volume and froth
penelration with the wash zone of the hydraulic
separator were required for the separator to
function properly.

33



+ Tests conducted indicate that approximately 15 exiended. Hence, it is recommended that units

percent and 8 percent of the total combustible constructed in the future include some means of
matter is lost in the floatation cell and hydraulic removing the accumulated solids.
separator, respectively.

* Although the CPRU demonstrated good The CPRU was successtully used for the scale-up
repeatabiity of the product quality, accumulation of the hydraulic separator for the large pilot plant
within the system appeared to influence the (IATF). Design procedures developed will be further
product quaiity as the time of the run was used to improve the hydroseparator in the IATF.



5. Integrated Agglomeration Test Facilities (IATF)

5.1. IATF Design for the Aglofloat Process

The overall objective of the IATF was to conduct

process research & engineering studies on:

+ beneficiation of low rank coal by deashing and
moisture reduction (the Agtiotherm process);

« desulphurization of bituminous coal through pyrite
removal (the Aglofloat process); and

« the cleaning of hydrocarbons from contaminated
soils (the HC Clean Soil process).

For each of these processes, the IATF was used

- verify the developed agglomeration processes in
the smallest possible continuous unit;

« identity the factors which would be used in
scaling-up the process for commercialization;

+ obtain engineering and operation data required for
process evaluation and large plant development;
and

« develop process control philosophy.

5.1.1. IATF Design Specifications

The IATF included all major equipment in flowsheet
configurations studied in the Aglofioat process. The
exceptions were equipment needed for the primary
and secondary crushing of coal.

The nominal |ATF design specifications were as
follows:

Maximum Plant Capacity: 250 kg/h of coal treated.

Process Configuration: various flowsheet con-
figura-tions as required in process optimization re-
search.

Coal Grinding System: 250 kg/h; feed coal top size
- 10 mm; pulverized size variable.

Agglomeration Section: high shear mixer, 58 liters
capacity, with 4 minutes mean residence time; low
shear mixer, 500 liters capacity, with 26 minutes
mean residence time; total slurry flow — 750 to 950
kg/h.

Floatation Cells: 410 kg/h of froth.
Hydroseparator: 400 kg/h of froth.

Floor Space: three levels, 63 square meters each.

Utliities: water, 2.5 tonnes per hour electricity, 120
amp, 575 V.

Plant Operation: 8 to 10 hour test periods extended
up to 72 hours.

Equipment: waterp:oof, electrical enclosures meet-
ing NEMA 12 standard or equivalent.

The foliowing sections describe the equipment
used, the work performed and the design methods
developed in the IATF.

5.1.2. IATF Flowsheet

Reference flowsheet #4ARCSS presents the IATF
contiguration for the Aglofioat process. The facilities
make possible the following unit operations:

* coal grinding and siurry preparation,

* 0il preparation,

* microagglomeration,

« floatation,

* pyrite removal,

* macroagglomeration,

* separation,

+ waste treatment, and

* process control.

5.1.3. Major Equipment and instrumentation

A detailed description of the remaining equipment ot
the IATF is included in Section 4, Volume 1 of this
report. The following summarizes only the key equip-
ment used in different IATF sections.

Coal Grinding and Slurry Preparation: This sec-
tion contains a coal hopper and feeder system, a
rog-mill, a vibrating Derrick coal screen, a coal slurry
preparation tank, a drum tipper, a sump pump and
two water storage tanks.

Oll Preparation: The system includes an electri-
cally heated and agitated oil-mixing vessel, a hoist
and crane for receipt of heavy oil and solvent drums,
and an oil pump.

Microagglomeration: Equipment in the microag-

glomeration section consists of two 58 liter, 4 minute
residence time high shear mixers, and a sump pump.
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Floatation: A DENVER Sub-A floatation ceil is
used in the floatation section.

Pyrite Separation: Pyrite separation equipment
developed by ARC, with sump pump.

Macroaggliomeration: This section has two low
shear mixers with 25 to 50 minutes residence time.

Separation: A double-decker drain and rinse
screen, a tailings tank and a microagglomerates
receiving drum, are used in the separation section.

Waste Treatment Section: Equipment in the
waste treatment section consists of a settling tank, a
skimmer for removal of solids, and a bag filter in the
recycle water line.

instrumentation

The IATF has the following instrumentation and sam-
pling points in support of the Aglofioat process
studies:

« twelve slurry water sampling points, as indicated
on reference flowsheet #ARCS5.

» temperature measurement sensors: two
K-thermocouples per each mixer, one
thermocouple in the oil tank.

« flow measurement sensors, to monitor the flow of
rod-mill water to monitor slurry flow.

Descriptions of the sampling points, their loca-
tions, the sizes of the samples taken and the types
of analyses performed are given in Table 5.1. The ra-
tionale for and objectives of the sampling and meas-
urement instrumentation are discussed in detail in
Volume 1, Section 4 of this repont.

The key steps to process control and optimization
of the Aglofloat process were:

« measurement and control of the feed rate and size
distribution in the slurgy preparation tank;

« flow rate measurement of the bridging oil feed to
the high and low shear mixers;

« measurement and control of the bridging oil to
coal ratio and measurement of the solid
concentration in the high shear mixer;

« measurement and control of the slurry flow rate;
and

« measurement of slurry solid concentration and the
bridging oil in the low shear mixer.

The process control requirements described
above were difficult to implement because the rheol-

ogy of the agglomerate slurry in the mixers is quite
difterent from the rheology of coal-water slurries. At
higher solids concentration, the agglomerate slurries
are non-Newtonian, and it was difficult to ensure the
target solid concentration in tne mixers just by adjust-
ment of the coal slurry input. For a more accurate
measurement and adjustment of the solids con-
centration ratio in the high and low shear vessels,
nuclear density meters were installed on the feed
lines; however, in-situ measurement of the solids
concentration in the vessels would still be desirable.

Process Control

The IATF's process control and data acquisition
hardware includes:

1. SAFE 8000 PC 8253 Process Control Computer.

- 2. Two IBM PS/2 Computers.

3. VAX 6800 for data base management and
reporting.

The IATF’s process control hardware is run by a
distributed control system DMACS (Distributed
Manufacturing and Automatic Control Software)
using an IBM ETHERNET network. The architecture
of the contrei system provides for all the : _quired
data acquisition and process control including
facilities for building interactive process schematics.
Other syctem functions and capabilities include:

« Visual indication of equipment status, process
operating parameters, etc., using the process
draw facility in DMACS.

» PID control blocks and on-line process
calculations using PID calculation blocks.

» Data analysis program including analysis of
trends, statistical analysis of collected data,
flagging of the alarms, etc.

5.1.4. Plant Safety and Environmental Issues

Arisk assessment was conducted for the IATF to

identify potential safety hazards in the plant. In

general, the plant operation was classed as relative-

ly low risk since it involves low temperatures and

pressures and hydrocarbons with low volatility. Ex-

ceptions to this general classification were:

+ the generation of coal dust in the coal grinding
area, and

« potential equipment hazards such as sparking in
the fan handling dust, high noise levels, staff being
caught in drives or bumt by hot equipment, etc.
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Table 5.1. Sampling and analyses.

Samplings
Place and amount Analysis to be done
Sample of sampling
S-140 Inttial Feed Drums Proximate (ash & moisture)
Coal (Sample A) Total Sulphur
Forms of Sulphur
Calorific Value
S171 Rod Mill Discharge Mill outlet before oversize PSD (wet)
screen 11x 2 hrs
$200 Coal-Water Slunry Slurry tank feed 11x 1/2 hr PSD (wet)
(discharge) Slurry tank recycle 11 x 172 hr Solids Concentration
S$221 Floatation Feed After high shear mixer Proximate
(Sample B) Before fioatation Total Sulphur
1i1x12hr Forms of Sulphur
S501 Floatation Inlet to pyrite separator Proximate
Product/Pyrite 1ix12hr Total Sulphur
Separator Feed 1i1x12hr Forms of Sulphur
(Sample C)
§502 Floatation Floatation cell discharge Mass Rate
Tailings Solids Concentration
Proximate (Ash)
$503-1 Fioatation Bottoms Bottom of floatation cells #1 & #3 Proximate (Ash)
$503-3 11x 172 hr (each cell) Total Sulphur
S401 Pyrite Separator Inlet to low shear mixer Solids Concentration
Product (V-260) 1ix 12 hr Proximate (Ash)
(Sample D) Total Sulphur
Forms of Sulphur
S402 Pyrite Separator Discharge of separator Mass Rate
Tailings tailings line Solids Concentration
Hx12hr Proximate (Ash)
Total Sulphur
S403 Pyrite Separator Bottom of pyrite separator Proximate (Ash)
Bottoms Total Sulphur
Forms of Sulphur
S261 Low ShearProduct Discharge of first low PSD (wet)
(Sample E) shear mixer 2Ix 1/2 hr Proximate (ash)
Total Sulphur
Forms of Sulphur
S281 Low Shear No. 2 Discharge of Second Low PSD (wet)
Product shear mixer (V280)
1x12he

* Samples taken overy hour at steady-stage conditions
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Table 5.2. Cleaning of lilinois coal in IATF unit (system without pyrite separator).

Sulphur Product Sulphur
Initial Coal Froth Reduction (Agglom.) Reduction
Coal ol Total Total Total
Test through. Add. Ash sulph. Ash suiph. Total Inorg. Ash sulph. Total Inorg.
(kg/h) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Run1 258 23+110 25 28 11.6 1.97 34 46 7.8 2.15 40 59
11.8 232 8.0 1.98
354 434 16.3 4.61
Run2 228 25+145 336 459 143 424 20 37 9.3 4,62 2 49
325 4.70 184 463
Runs 270 32+7.15 308 5.10 175 450 26 33 10.6 4.51 31 48
C-16 183 3 348 482 - - - - 8.8 3.9 42 71
Sys. 1
1 Stage
Batch -~ 0.6 34.8 482 1.7 429 - - - - 39 52

* All values of ash and sulfur on dry basis.

These potential hazards were reduced by installa-
tion of a non-sparking tan for handling dust, installa-
tion of guards for all rotating equipment, and
insulation of hot pipes and equipment. Special
enclosures were installed around rod-mills to reduce
noise. The protective measures taken, the equip-
ment installed and the environmental review con-
ducted are described in detail in Section 4 of Volume
1.

5.2, Plant Operating Experience and
Optimization

5.2.1. Plant Commissioning and Results

Commissioning of the IATF for the Aglofloat Process
started on May 9, 1989, with the processing of II-
linois No. 6 coal. The commissioning tests included
three runs (#1, 2 and 5). " These runs are depicted in
Table 5.2 together with the resutts from the bench-
scale pyrite removal unit and batch-tests tor com-
parison. The variations in key process parameters
for these tests are presented in Figures A4.1 and
A4.2 in Appendix 4. In general, the total and the inor-
ganic sulphur removed in the IATF compared well
with single-stage batch tests but was below the
results obtained in the CPRU (Table 5.2).

Following the test runs #1, 2, and 5, commission-
ing tests were conducted to obtain 6 to 7 tonnes of
agglomerates using Ohio coal. The tests were suc-

cessfully conducted for 96 hours producing 54
drums of low ash ( 6 percent) agglomerates. The
tests also permitted identification and correction of
operating problems in areas of coal feed, product
screen performance, waste treatment, etc.

5.2.2. Equipment Studies and Modification

Sections 4.2.2. in Volume 1 and Volume 3 discuss
equipment modifications made to the IATF in the
course of the program. Equipment modifications con-
ducted specifically for the Aglofloat process (the
design of the hydraulic separator) was described in
Section 4 of this report.

5.2.3. Pilot Plant Tests

Following the incorporation of the hydraulic
separator into the Integrated Agglomeration Test
Facilities (Process Flowsheet #ARCSS), a series of
continuous runs was performed with lllinois No. 6
ROM coal. The objective of these runs was to op-
timize the high shear step operation with respect to
bridging oil concentration and the relative pertor-
mance of the floatation cell and hydroseparator.
Figures 5.1 to 5.6 depict the effect of bridging oil con-
centration on the pyritic sulphur and ash contents in
the floatation and hydrocarbon classifier product for
runs #18, 19 and 20. A summary of the optimization
runs is presented in Figures 5.7 and 5.9. More
detailed process data for each run are presented in
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Figure 5.1. Pyritic sulphur removal in IATF Run 18.
X hydroseparation product.

Appendix 4. The key process design and develop-

ment conclusions were:

* Pyritic sulphur content after ficatation ranged from
2.5 10 3.0 percent for oil concentration 1.0 10 3.0
percent. At 0.5 percent of bridging oil
concentration, the products pyrite content was
less than 1.5 percéit. This was because of poor

+ ——

coal recove
» For the same oil addition of 1.0 to 3.0 percent, the

coal recovery after pyrile separation was about 90
percent. At lower oil concentration, coal recovery
ranged from 60 to 86 percent.

* The plots of coal recovery versus pyrite contert in
the clean coal products generated curves similar
to washability curves. The results suggest that
product with about 2 percent of pyrite may be
obtained for coal recovery of 90 percent in the
IATF.
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feed;

product; floatation feed; * floatation product;

5.3. Conclusions

The Integrated Agglomeration Test Facilities were
modified by incorporating a hydraulic classifier in
order to obtain process and engineering information
on the Aglofioat process. Specifically, the plant was
to provide information on scale-up of the Aglofloat
process, on technical feasibility of the Aglotioat
process and on the process control required. The
plant included all Aglofloat unit operations except for
equipment required for primary crushing of ROM
coal.

The major process areas and unit operation of the
pilot plant included coal grinding and slurry prepara-
tion, oil preparation, microagglomeration, floatation,
pyrite separation, macroaggiomeration, .
macroagglomerates’' separation, and waste treat-
ment. The IATF instrumentation included process
control and data acquisition hardware and software.
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Figure 5.2.Ash removal in IATF Run 18. O feed; ® product; O floatation feed: * fioatation product;

X hydroseparation product. -

The IATF test runs confirmed that well-formed ag-  «
glomerates with reduced sulphur and ash can be ob-
tained from bituminous coals. The agglomerate .
product properties were simiar to those obtained in
the batch and continuous bench-scale experiments,
with agglomerates heating value above 13,000 .
Btu/lb, ash less than 10 percent, and sulphur sig- .
nificantly reduced below that of-raw coal.

Design specitications selected for the conceptual .
Aglotloat process, based on IATF tools performed
with lllinois No. 6 ROM coal are as follows: .
+ oil addition - high shear: 0.8 percent, d.b. feed .

coal.

+ oil additlon: 12 percent, d.a.f. coal feed basis.

residence time: 4 min. high shear mixer (HSM).
25 min. low shear mixer (LSM).

slurry concentration: 30 percent in HSM. 18
percent in floatation cells and hydraulic separator.
30 percent in LSM.

product agglomerate size: 0.8 to 3.0 mm.
moisture in agglomerate: 40 percent in froth. 20
percent in agglomerate product.

combustibles recovery: 95 percent, w/w coal
Btu basis.

ash rejection: 69 percent, w/w coal ash basis.
pyritic sulphur rejection: 59 percent, w/w coal
sulphur basis.
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6. Environmental Analysis

The design assumgptions for the Aglofloat process in

Section 7 require that the plant meets EPA 1989

standards for air, water and refuse discharge from

the plant. The key control requirements with respect

to plant emissions are:

« air contaminants such as coal and mineral matter
dust, hydrocarbon vapors, etc.;

* water contaminants including runoff water from
coal stockpiles, recycle water ponds, etc.; and

« refuse contaminants in the refuse coal.

The following section briefly describes the design
approach proposed for the major effluent streams.

Alr Emissions

The major sources of air emissions are the coal and
oil handling areas. Potential dust and hydrocarbon
emissions in those areas were eliminated by the in-
corporation of dust and hydrocarbon collection sys-
tems in the plant design. The performance required
for dust and hydrocarbon collection systems will be
determined by the National Ambient Quality Stand-
ards.

Water Contaminants

The Aglofioat plant requires a net makeup of
process water from wells or surface water sources.
The majority of plant water contaminants will come
from runoff waters from coal and agglomerates
storage and emergency refuse stockpiles. The plant

design calls for collection of runoff water and use of
this water as a makeup water.

The recycle water streams are clarified in two
static thickeners in the Agglomeration and Floatation
Area

Refuse Disposal

It is expected that the refuse will be disposed of
either in the mined pits (in case of the strip mines) or
at a disposal site near the coal upgrading plant. The
construction and operation of the disposal site will
be governed by the Mine Safety and Health Ad-
ministration (MSHA) regulations. Key considerations
in selection, preparation and maintenance of a
refuse site are:

1. Base (foundation) at the site should be stable and
have low permeability.

2. Erosion due to surface water drainage should be
prevented.

3. Refuse should be weathered before it is placed in
the refuse site.

4. Refuse should be spread in layers and
compacted. Fresh and older refuse should not be
mixed.

5. Regular inspection and maintenance should be
conducted at the site.

A disposal cost of $ 71ton of coal refuse is as-
signed to the plant operating cost.
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7. Conceptual Design and Cost Analysis of an Integrated
Commercial Plant for the Aglofioat Process

7.1. Process and Economic Data

7.1.1. Design Basis and Assumptions

Plant Size

A conceptual plant size of 2.8 million tons nominal
capacity of input ROM coal was used. This size of
plant permits relative economies of scale in mining,
in transportation and in the operation of the plant i-
self. As well, it is suitable for the initial target markets.

Plant Load Factor :
It is assumed that the Aglofloat plant will be operat-
ing about 7000 hours per annum. It is recognized
that this load factor will determine the degree of
redundancy of plant equipment, and will influence
other design comporents such 2s the storage of
products, etc. '

Plant Location

The conceptual design was not intended for a
specific plant site. It is assumed that the plant will be
a mine-mouth plant located in the Appalachia regicn
of the U.S. and that it will not have any unusual
topographical problems.

Plant Equipment

The plant equipment selected is commercially avail-
able. Also, where possible, support areas such as
water treatment have been costed as tum-key, pack-
age plants.

Plant Boundary

The plant boundary, for costing purposes, includes
all facilities required to operate the plant, to unioad
fuel, to load the upgraded products and to treat
waste streams.

Environment Guide  _

All plar™ process units are designed to meet 1989
emission standards in the U.S.

Feedstock and Product Variabllity

All calculations of material and heat balances and
sizing of equipment were performed using the ROM
coal in Table A5.9 in Appendix 5. Table A5 .9 also
depicts properties of the refuse coal.

S0

Financial Analysis
All site financial analyses were performed in con-
stant 1989 U.S. dollars.

1.1.2. Sources and Methods of Process Cost
Estimates

Tables AS5.1 1o AS.3, Appendix 5 depict the cost fac-
tors used for estimating capital and annual operating
costs for the conceptual plant. Table A4.4 lists prices
and rates for chemicals, fuels, utilties, etc. used in
the Aglofioat cost estimates. The major sources of
cost estimates were:

* vendors' estimates for equipment, and

° h—housedalabremlpmemandwpponamas.

All equipment costs wers »ndated to 1989 dollars
using the Chemical Plant Cost Index or the M&S
Equipment index.

7.2. Process Description

Plant Description

The beneficiation facility will upgrade 2.8 milkon ton-
nes of ROM coal per year based on 7000 hours per
year. The production of saleable products on an an-
nual basis from the facility will be 2.74 million tonnes
of aggiomerates with a heating value of 13,300
Bw/b

The plant faciity has six operating areas as out-
lined below. The basic plant concept is shown in Fig-
ure 7.1. A more detailed description and a flowsheet
for each area can be found in Appendix 5 of this
siudy.

7.2.1. Major Process Areas

Coal Usiivery, Storage and Crushing

Coal is delivered 10 the plant in trucks owned by the
coal company on a 12 day x 5 days/week basis.
The ROM coal is fed from a dump hopper via an
apron feeder 10 a coal breaker where I is reduced to
-150mm x 0. Belt conveyors transfer the crushed
coal either forward to the Aglofioat piant for upgrad-
ing or to the outside storage area where 3-day live
storage and 10-day compacted storage piles are io-
cated. Rocks are removed from the coal breaker
and stockpiled at the rate of 10 tph. Belt scales have
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Figure 7.1. The Aglofioat Process.

been included to monitor the quantity of the coal
deliveries.

The -150mm x 0 material that is directed to the
plant is screened and crushed at the rate of 390 tph
to -50mm x 0 on a 24 h/day x 7 days/week basis.

Coal and Heavy Oll Preparation

Sized -50mm x Omm coal is transferred by belt con-
veyor to four primary grind circuit mills operating in
parallel. The mills pulverize the coal to 45 percent
minus 100 mesh at the rate of 390 tph. The pul-
verized coal is slurried with 910 tph of water, and
pumped to the Agglomeration and Floatation Area.
The concentration of the coal slurried is about 29.4
percent dry coal, w/w basis.

Crude oil and diesel are delivered to the prepara-
tion area by a pipeline. The heavy oil is stored in a
50,000 bbl crude oil tank, ensuring a 5-day supply.
The tank is insulated and 3 steam system is used lo
preheat the oil in water before it is pumped to the
bridging oil tank.

Diesel is stored in a 300 ton capacity tank. 0.4 tph
of diesel is mixed in a bridging oil tank with pre-
heated crude oil at the ratio of 1 to 4 (w/w). The pur-
pose of the bridging oil tank is to prepare an oil mix
with optimat physical and chemical properties for ag-
glomeration of coal.

Agglomeration and Floatation

The Agglomeration and Floatalion area processes
pulverized coal slurry at the rate of 1300 tph. The
slurry is mixed with 2.0 tph bridging oil in eight high
shear mixers operating in parallel. The coal is wetted
by oil and forms microagglomerates ~0.2 mm in
size, while coal mineral matter is deslimed in water.
The output of high shear vessels is mixed with 823
tph recycle water to a slurry, dry coal concentration
of 18 percent, and transferred to four floatation cells
to separate coal from mineral matter. Each cell
processes about 150 tph of clean coal froth. The
microagglomerates are transferred to four
hydroseparators where they are diluted with 1291.7
tph recycle water, washed, separated from pyrite par-
ticles and transferred to a sufmp. The clean coal froth
(533.2 tph) is then again diluted with recycle water
and pumped to the Agglomeration and Separation
Area.

The floatation cell underflow is transferred to a
static clarifier where refuse coal and mineral matter
are separated from the recycle water, fitered in a
vacuum filter, and after being combined with hydro-
separator refuse, transferred to the refuse loading
bin in the Product Loadout Area. The hydroseparator
underflow is discharged into the second static thick-
ener where refuse pyrite and coal are removed and
fitered and water is recycied to the hydroseparator.

Approximately 70.5 tph of refuse coal will be
removed from the underflow circuits of the floatation
and hydroseparation units.

Agglomeration and Separation

The Agglomeration and Separation Area processes
1062 tph of microagglomerates slurry. The microag-
glomerates slurry is mixed with 38 tph ot crude oil in
eight low shear mixers operating in parallel. The
microagglomerates are enlarged to 0.8 mmto 3.0
mm macroagglomerates. The green macroag-
glomerates are discharged on four drain and rinse
vibrating screens where they are dewatered to 25
percent moisture. The agglomerates are then trans-
ferred to eight centrifugal extractors operated in
parallel, where they are further dewatered to 10 per-
cent moisture. The final dry agglomerate product is
transferred to the Product Loadout Area at the rate
of 392 tph.

All process water from the D&R screens and the
centrifugal extractor is recycled to the Coal and QOil
Preparation Area.
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Water Treatment

Most of the process water from the plant is recycled
back to the process areas. Each process area main-
tains its water chemistry by reusing the same water
in each major process step. The process make-up
water is well or surface water which is treated and
stored in the water pond along with the treated
recycle water.

Product Loadout

The agglomerates are transferred from the Ag-
glomeration and Separation Area at the rate of 392
tph into a 10,000 tonne live capacity stockpile. The
agglomerates are withdrawn from the pile with vibrat-
ing feeders and transterred to a loadout bin for load-
ing into conveyors via shuttie conveyor. The cars are
weighed and the surface of the product is sprayed
with a latex solution prior to shipment.

The coal refuse is loaded at the rate of 70.5 tph
from a 500 t capacity refuse bin. The refuse is
loaded on trucks and hauled to the refuse disposal
area. An allowance is made for an emergency 10-
day refuse storage pile at the plant site.

Oftfsites and Buildings

The costs of offsites and buildings in this study have
been factored from the total direct costs for each
plant area.

7.3. Cost Estimates and Financial Analysis

7.3.1. Capital and Operating Cost Estimates

The evaluation of the direct plant cost for the

Aglofloat process was based on individual costing of

the six major process areas, using one of the follow-

ing methods:

» Factored cost estirgate based on vendor or
in-house data for major pleces of equipment.

« Factored cost estimates based on equipment
capacity and published cost estimates for the
process area.

The accuracy of the individual process area cost
estimates is expected to be %30 percent.

A summary of Total Capital Cost for the
Agflotherm process is presented in Table 7.1. The
table also depicts Working Capital and Total Plant
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Cost. Total Plant Cost consists of the Total Direct
Cost, EPCM, and contingency for each plant area.

The EPCM costs were estimated at 20 percent of
the total direct cost for each plant area. This cost
covers the cost of process and project engineering,
design drafting, engineering procurement and con-
struction management.

The Contingency Cost estimates were based on
the direct cost and the uncertainty associated with
each plant area. Forexample, the contingency is 35
percent for the Agglomeration and Separation Area,
20 percent for Water Treatment, and 10 percent for
the Coal Delivery, Storage and Crushing Area. This
cost covers possible additional costs that would
resuk from a more detailed design of the plant at an
actual site. A description of the contingency factors
is given in Table A5.5, Appendix 5.

A summary of working capital is provided in Table
7.2. The cost data and assumptions used for calcula-
tion of the working capital cost elements are
presented in Appendix 4. A summary of the annual
operating costs is presented in Table 7.3. The direct
operating costs were estimated as follows:

+ ROM coal was assumed at $27A (f.0.b. plant),
« fuel cost (natural gas) at $2.90/MMBtu,

* raw water cost at $0.60/1000 gallons,

» electricity at $0.0.65/kWh,

Table 7.1. Total capital cost: Aglofioat.

Total
direct EPCM Contin-
Area Deascription cost, @20%, gency Total
000's 000's 000's 000‘s

100 Coal delivery,

storage and 5,267 1,083 527 6,847

crushing
200 Coal and oil

preparation 12,742 2,548 1,274 18,565
300 Agglomeration

and floatation 9,018 1,804 3,156 13,978
400 Agglomeration

and separation 5,392 1,078 1,887 8358
500 Water ‘

treatment 1,150 230 230 1,610
600 Product

loadout 7810 1,562 781 10,153
700 Offsites 3,724 745 - 4,469
Total Plant Costs $61.979
Working Capital 22,155
Total Capitai Cost $84,14




Table 7.2. Working capital summary: Aglofloat.

Table 7.3. Operati~~ cost summary: Aglofioat.

Description 000'S Direct Cost 000'S
One Month of Operating Cost 10,088 ROM Coal 75,600
One Month of Accounts Receivable 12,067 Crude Oil and Diesal 28,441
Diesel 500
Total Working Capiltal 22,155 Fuel 131
Electricity 6,132
Chemicals 765
. . . . Operating Labour 1,578
« chemicals and operating labour as summarized in  Maintenance Labour 720
Table A5.7, Appendix 5; and Maintenance Materials 1,081
« maintenance labour and materials as summarized  Refuse Disposal 3,485
in Table A5.8, Appendix 5. Total Direct Cost 118,402
The indirect operating costs were estimated as fol-  indirect Cost
lows: Administrative and Support Labour 345
+ the administrative and support labour at 15% of General and Administrative Expense 1379
direct operating and maintenance labour, Property Taxes and lnsurance 830
* the general administrative expense at 60% of Total Indirect Cost 2,654
. direct operating and maintenance labour, and
« property taxes and insurance at 1.5% per year of Total Operating Cost 121,056

Total Plant Cost.

1.3.2. Financial Analysis

The criteria for the financial analysis of the
Agflotherm process and costing of the product (f.0.b.

plant) included:

* equity financing: 100 percent

» taxable rate: 38% annually

» construction allocation: over 3 years

« plant life: 25 years

« depreciation: straight line over 10 yrs
*» plant load: 80%

It is assumed that the plant will be in full produc-
tion in the fourth year after the start ot construction.
It is also assumed that an inventory consisting of &
ROM coal stockpile of 100,000 tons, 10,000 tons of
aggiomerates and 10,000 tons of crude oil inventory
is established in the firstyear. These inventory costs
are included in the first year's operating cost but not
in the revenue calculation.

Base Case

A summary of the Base Case financial analysis is
presented in Table 7.4. The analysis is based on the
following financial assumptions:

« Total Plant Production: 2.74 x 10° y agglomerates
+ Total Plant Cost: $ 61,979,000

+ Total Operating Cost: $ 121,100,000

» Coal Price: $271

Table 7.4. Sunmatry of plant revenue and costs over the
plant life: Aglofioat.

Total Cash Flow

+ Revenue 3,620,000,000
- Total Operating Cost 3,027,500,000
- Working Capital 22,155,000
- Income Tax 202,000,000
- Equity Capital Cost 61,979,000
= Net Cash Flow 308,366,000
DCF Rate of Return, % 15

» Crude Oil Price: $ 102.601
« Diesel Price: $ 178.401
* DCF ROR (after taxes)j: 15%

Varlance Analysis

The impact of major economic and process assump-
tions was studied by performing sensitivity analyses
with respect to those assumptions. All variance
cases are presented in relation to the Base Case
analysis (Figures 7.2 10 7.5).

Amount of Oll for Agglomeration

The agglomerate prices were based on the addition
of 12 percent of oil (coal basis) for size enlargement
of the agglomerates. ARC's process development
work is currantly directed towards reduction of the
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Figure 7.2. The effect of oil concentration on product price
(Aglofioat).

amount of oil, and, hence, reduction of agglomerate
price. Two more cases were, therefore, evaluated in
the variance analysis. These cases were a 3 percent
oil addition for agglomerates size enlargement
based on the anticipated process improvements and
a 0.5 percent oil additior: in agglomeration based on
elimination of the size enlargement step.

Base Case: 12 percent (dry, ash coal
feed basis).

Decrease I: 3 percent (dry, ash coal
feed basis).

Decrease |i: 0.5 percent (dry, ash coal
feed basis) less capital and
O&M for Area 400.

Total Plant Cost

The plant Total Capital Cost is based on the ex-
pected cost, estimatifig aosuracy of %30 percent.
The performed variance analysis included:

Base Case: $ 61,979,000.
Decrease: $ 43,385,000
(Base Case - 30 percent).
increase: $ 80,573,000
(Base Case + 30 percent).
Operating Cost
Allowances for the variance in Total Operating Cost
included the following factors:
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Flgure 7.3. The effect of capital and operating cost on

product price (Aglotioat).
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Figure 7.4. The effect of coal price on product price

(Base Case - 15 percent).

{(Aglofioat).
Base Case: $ 121,100,000.
Decrease: $ 102,935,000
Increase: $ 139,265,000

(Base case + 15 percent).
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Coal Cost

The price of $27/ was recommended for 2 to 3 mil-
lion tonnes of ROM coal. The sensitivity analysis in-
cluded the following ROM coal prices:

Base Case: $271.
Decrease: $0# (coal refuse from a coal
preparation plant).
Qii Cost

The Mexican Maya crude (22# API) was priced out
of U.S. Gult Coast less the WTl/Maya crude differen-
tial of - $4.00/bbl, plus a transportation tariff of
$1.00/bbl to Northem Appalachia.

Base Case: $ 102.60ton.
Increase: $ 133.40t0n
(Base Case + 30 percent).

7.4. Process and Market Economic
Implications

7.4.1. Breakdown of Product Cost

Table 7.5 presents a breakdown of the prices of ag-
glomerates according to various process cost fac-
tors. The key cost factors are discussed below.

The cost of coal and oil are the largest cost fac-
tors involved. They are, respectively, $27.59 and

Table 7.5. Breakdown of the estimated cost for
agglomerates'.

Product Cost'
Cost Factors LY $/MMBtu %
ROM Coal 27.59 1.04 52.2
Bitumen and Light Oil  10.56 0.40 20.0
Operating Cost 6.03 0.23 1.4
Capital Charge 8.67 0.33 16.4
52.85 1.99 100.0

1: DCF ROR equals 15 percent, 13,300 Btuib product.

$10.56 per ton of agglomerates, or 52.2 and 20.0
percent of the preduct price.

The charge is $8.67 per ton or 16.4 percent of the
product price. The operating component of the
product price is $6.03 per ton or 11.4 percent.

7.5. Conclusions

A conceptual design and a cost analysis were
developed for the Aglofloat process. The process
description, process data and design were based on
tests performed in batch laboratory experiments, the
CPRU and the IATF. The plant was to upgrade 2.8
million short tons of ROM coal per year to 2.74 mil-
lion tons of agglomerates with 13,300 BtwIb heating
value, 6.2 percent of ash, and 2.5 percent of total
sulphur. The plant was assumed to be a mine-mouth
plant located in the Appalachia region of the U.S.

The majority of the plant areas and equipment
selected were commercially proven and available,
the exception was the Agglomeration and Floatation
Area where a new design was proposed for the
hydraulic separator. Because of the similarity of the
hydraulic separator to the floatation cell, the cost of
the hydroseparator was factored from the floatation
cells’ cost estimates. -

The financial and variance analyses performed in-
dicated the Base Case product cost, at 15 percent
DCF ROR, equaled $52.854. The Base Case Total
Plant Cost was $61,979,000, Operation Cost was
$121,056,000 and Working Capital was
$22,155,000. The costs of coal and bridging oil were
the largest cost factors involved (52.2 and 20.0 per-
cent, respectively) while the capital charges and
operating cost combined contributed the remaining
20 percent.
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8. Summary and Recommendations

The study’s objective was to apply advanced ag-
glomeration technology for upgrading of high sul-
phur bituminous coals. The results achieved
included development of the Aglofloat process for
upgrading of bituminous coals to a solid fuel with a
heating value of above 13,000 Btu/ib, ash content
less than 10 percent, and reduced pyritic sulphur
coritent (up to 95 percent). The work completed also
suggested further process research and develop-
ment needs which are summarized below.

Batch-Test Studies

Two types of laboratory tests were developed for
characterization of bituminous coal clean-up in the
Aglofloat: single-stage and two-stage tests. The
tests indicated that two-stage processing with inter-
stage regrinding resulted in more ash and sulphur
removal but also higher loss of combustible
materials. The choice of the Aglofioat procedure
would depend, therefore, on the amount of suiphur
removal and coal recovery required for each specific
coal.

The process variables studied (bridging oil con-
centration and preparation, coal concentration, addi-
tion of surfactants, etc.) provided information on the
key factors influencing the Aglofioat performance
with bituminous coals. it was found, for example,
that for westem Canadian bituminous coals, the
Aglofloat procedure had to be modified in order to
achieve high combustibles recovery (90 percent or
higher). The modified procedures called for addition
of surfactants and bridging oil at 3 percent con-
centration (w/w dry coal basis) versus 0.5 percent
for the U.S. bituminous coals. it is recommended,
therefore, that further detailed batch tests be con-
ducted to study process issues such as:

« The effect of coal properties and preparation on
agglomeration kinetics, and the required bridging
oil addition. -

» The use of surfactants and other pretreatment
methods for agglomeration of “difficult™ coals.

» Development of predictive methods for
characterization of the Agloflioat performance with
different bituminous coals.

Continuous Pyrite Removal Unit

The completed tests provided information on the
feasibility of using hydraulic and flume separators for
the removal of pyrite from bituminous coal flocs.
Both unit processes showed reduction of pyrite in
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the coal product; however, a system including a
floatation cell and hydraulic separator was chosen
over a more operationally complex system which in-
cluded a flume separator.

The experiments conducted with high sulphus Ii-
linois No. 6 coal indicated that at best conditions, the
combustibles recovery ranged from 75 to 80 per-
cent, the total sulphur reduction ranged from 50 to
55 percent, the pyritic sulphur reduction ranged from
72to 77 percent, and the ash reduction ranged from
82 to 86 percent. The important operation
parameters identified were oil, frother and coal con-
centration, size of coal, high shear mixer operating
condition (speed and residence time).

The CPRU was successfully used for the scale-up
of the hydraulic separator for the large pilot plant
(IATF). The design procedures developed were also
helpful for further optimization of the hydraulic
separator in the IATF.

In general, the CPRU required more bridging oil
than the IATF or batch tests. Further recommended
studies and equipment modification for the CPRU in-
cluded:

« Installation of a second high shear mixer to
increase HSM mean residence time for slunies
requiring higher inversion times.

« |Installation of a second floatation cell in series with
the floatation tailings to recover coal from the
tailings.

« Installation of accumulation vessels for the
floatation cell and hydraulic separator to facilitate
periodic removal of the accumulated solids.

« Further studies of the main factors and interaction
effects in agglomeration of different bituminous
coals.

« Further development of correlation and scale-up
equations for the CPRU and IATF.

Integrated Agglomeration Test Facilities
A hydraulic separator was incorporated in the IATF
to operate the pilot plant in the Aglofloat process con-
figuration. The IATF runs contirmed that well-formed,
reduced in sulphur and ash agglomerates can be ob-
tained in the Aglofloat process. The agglomerates
had a heating value above 13,000 Btwlb, ash con-
tent of less 10 percent and pyritic sulphur removal of
up to 95 percent.

Based on the tests performed, design specifica-
tions were defined for the conceptual design of a 2.8
million ton Aglofioat plant. The specifications in-



cluded a relatively high amount of bridging oil (12
percent d.a.f. feed coal basis) in order to obtain 0.8
to 3.0 mm agglomerates. More research on the IATF
is, therefore, recommended in order to reduce the
amount of oil used in the process. Recommended re-
search includes:

* Investigation of the relationship between feed size,
feed properties, and product Quality, at different oil
additions.

« Improvement of floatation and pyrite separation
efficiency, at high solid slurry loading.

» Development of better control strategies for
different feeds.

= Evaluation of the Aglofloat process configurations
where size enlargement by agglomeration is
eliminated and other options to size enlargement
are considered.

Feasiblilty of the Agloficat Process

A conceptual design for the Aglofioat plant was
developed for beneficiating 2.8 million tons of ROM
bituminous coal per year to 2.74 million tons of ag-
glomerates with a heating value of 13,300 Btu/ib,
ash content of 6.2 percent and sulphur content of
2.5 percent. The economic analyses of the plant
cost estimated the Capital Cost at $61,978,000,

Operating Cost at $121,056,000 and Working Capi-
tal at $22,155,000. The Product Cost was estimated
at $52.85 per ton at DCF ROR equal to 15 percent
(after tax).

The Product Cost was sensitive to the cost of
coal, to the cost and quantity of bridging oil, and to a
lesser extent, to Capital and Operating Cost (exclud-
ing coal).

For variance case, where Aglofloat is applied to
cleaning coal refuse, the Product Cost was es-
timated at $25.261. This cost is competitive with the
average cost for low and medium sulphur coal in the
eastern U.S. of $20 to $28 per ton. :

Recommended future work on the conceptual
design of the Aglofioat process includes:

« Updating of the design and costing of the process
areas based on additional experimental work
performed at the Integrated Agglomeration Test
Facility.

« Evaluation of the process design and area costing
for aternative size enlargement process options in
the Aglofioat process.

 Review of the economic feasibility and market
potential of the Aglofioat process for the updated
process designs.
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Appendix 2.

Table A2.1. Properties of bituminous coals tested.

DOE
Supplies Obed
fil. n. indiana Upper Byron Obed Precip.
No. 6 No.6 Ohilo Pitts. v Freeport Creek Washed Dust
Moisture 245 85 105
Ash 143 348 9.2 17.7 9.7 123 219 14.2 27.7
Volatile Matter - 28.8 - - - - 22.1 36.2 326
Fixed Carbon - 364 - - - - 56.1 495 39.7
Total Sulphur 4,27 4.19 4,72 4,98 3.77 233 0.30 0.51 -
Pyritic Sulphur 1.98 233 294 2.70 1.83 1.37 - - -
Heating Value 11,980 8,350 1239 11960 13270 13,560 11530 10510 8,140
* on moist basis.
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Appendix 3.

Table A3.1. Pyrite removal process performance — Test Data, Run No. D3.

Sample A (S-140) Sample B (S-201) Sample C (S-S01)

Rurv Ol (S-221) Sulphur Coal
Per. conc. Parent coal (db) Coal siurry Product C Removal Recov
db A TS PS SS TS PS SS A TS PS SS ATS APS

% % % % % % % % % % % % % % % %
A 30 341 465 253 037 305 437 1.70 009 118 425 1.70 009 200 829 876
B 29 345 484 253 037 309 433 175 021 141 433 175 021 232 614 885
C 28 338 524 253 037 309 450 217 022 147 450 217 022 206 §8.6 89.0
D 23 333 495 253 037 318 502 233 0.2 148 502 233 012 21.7 782 870
Tabile A3.1. Pyrite removal process performance — Test Data, Run No. D3 (cont'd).
Rurv Ol Sample D (S401) Ash & Sulphur Coal
Per. conc. Product D Removal Recovery

db A TS PS SsS AA ATS APS 4SS

% % % % % % % % % %
A 30 947 404 148 0.04 823 443 663 698 753
8 29 10.72 553 1.83 0.07 84.1 450 610 652 758
C 28 1096 451 185 0.04 834 497 594 633 76.4
D a3 1041 460 1.88 0.04 856 512 621 662 724
Table A3.2. Pyrite removal process performance — Test Data, Run No. D4.

Sampla A (S-140) Sampie B (S-201) Sample C (S-S01)

Rurv  Oll (S-221) Sulphur  Coal
Per. conc. Parent Coal (db) Coal Slurry Product C removal recov
db A TS PS SS A TS PS sS A TS PS S8 ATS APS

% % % % % % % % % % %__ % % % % %
A 24 343 488 289 020 323 166 255 0.15 166 4.97 281 006 - - -
8 27 340 514 289 020 328 134 260 0.13 134 446 238 0.06 - - -
C 26 338 509 289 020 328 143 271 0.13 143 455 201 0.06 - - -
Table A3.2. Pyrite removal process performance - Test Data, Run No. D4 (cont'd).
Rurv Ol Sample D (S401) Ash and sulphur Coal
Per. conc. Product D removal recovery

db A TS PS SsS AA ATS APS 4ASS

% % % % % % % % % %

24 930 385 133 0.05 89.7 700 825 819 525
B 27 1020 425 168 0.05 855 601 723 724 65.6

26 9.60 390 161 0.05 853 606 713 715 705
Table A3.3. Pyrite remqyal process performance - Test Data, Run No. D6.

Sample A (S-140) Sample B (S-201) Sample C (S-S01)

Rurv Oll (S-221) Suiphur  Coal
Per. conc. Parent Coal (db) Coal Slurry Product C Removal Recov
d A TS PS SS A TS PS S8 A TS PS S8 ATS APS

% % % % % % % % % % % % % &% % %
A - 327 518 272 03 - - - = - - - = 511 < @a4
B - 327 518 272 035 346 447 219 045 152 493 193 0.17 342 51.8 859
C - 327 518 272 035 356 465 240 0468 154 481 203 0.16 345 516 840
D - 327 518 272 035 349 453 238 040 156 4.84 257 016 329 374 851
E - 327 518 272 035 358 482 239 044 154 427 1.75 0.15 33.4 524 850
F - 37 518 272 035 - - - - - - - - 398 - 829




AJ.3. Pyrite removal process periormance - Test Data, Run No. D6 (cont'd).

Table
Ruv OHf Sample D (S401) Ash and sulphur Coal
Per. cone. Product D removal recovery
db A T8 PS SS AA ATS APS 4ASS
% % % % % % % % % %
A - 930 301 1.0 0.2 843 600 77.7 781 74.4
8 - 9.90 394 1.12 0.17 825 485 759 754 78.9
c - 995 4.11 134 0.15 850 483 737 741 745
0 - 9.80 410 1.19 0.18 834 482 750 744 78.1
E - 1007 421 129 0.15 8368 490 218 736 775
F - 1059 4.12 145 009 8268 618 770 782 73.0

Tabile A3.4. Pyrite removal process performance — Test Data, Run No. D7.

Sample A (S-140) Sample B (S-201) Sample C (S-S01)

Ruv Of (S-221) Sulphur  Coal
Per. conc. Parent Coal (db) Coal Siurry Cc Removal Recov
@& A S PS SS A TS PSS SS A T8 PSS S8 ATS APS

% % % % % % % % % % % % % % % %
A - 327 518 272 03 - - - - - - - - 451 - 810
8 - 327 518 272 035 322 478 256 035 1568 479 224 014 322 48.7 839
C - 327 518 272 035 318 470 265 032 143 460 204 017 23391 518 838
D ~ 327 518 272 035 326 474 262 035 158 477 231 017 327 456 84.1
E - 327 518 272 035 316 481 248 038 161 473 248 0.18 327 406 846
F - 327 518 272 035 - - - - - - - - 328 - 848
G - 327 518 272 035 - - - - - - - - 35 -~ 85
H - 327 518 272 0.35 - - - - - - - - 286 -~ 875
Table A3.4. Pyrite removal process performance — Test Data, Run No. D7 (cont'd).
Ruv OH Sampie D (S401) Ash and sulphur Coal
Per. conc. Product D removal recovery

db A TS PS SS AA ATS APS ASS

% % % % % % % % % %
A - 834 377 1.16 009 848 501 794 802 724
B - 891 39 127 oO.11 838 519 767 774 755
C - 9.08 403 133 0.1t 83.7 507 748 757 74.9
D - 939 408 130 0.13 8368 513 736 744 755
E - 954 407 140 0.13 828 532 762 768 76.3
F - 958 409 143 0.13 830 5485 7468 752 76.1
G - 956 406 151 0.12 834 554 745 753 749
H - 1007 428 -~ 0.14 816 505 708 715§ 80.5




Table A3.5. Pyrite removal process performance - Test Data, Run No. D9.

Sample A(S-140) Sample B (S-201) Sample C (S-S01)

Run/ Ol (S-221) Sulphur  Coal
Per. conc. Parent Coal (db) Coal Slurry Product C Removal Recov
db A TS PS A TS PS SS A TS PS SS ATS APS

% % % % % % % % % % % % % % % %
A 22 323 518 272 035 303 498 227 - 143 454 179 008 386 469 76
B 22 323 518 272 035 314 506 257 - 13.0 447 161 0.07 377 557 82
C 22 323 518 272 035 315 488 255 - 147 492 185 0.08 265 471 82
0 22 323 518 272 035 304 480 258 - 139 461 216 0.08 252 348 86
Table A2.5. Pyrite removal process performance ~ Test Data, Run No. D9 {cont'd).
Rurv  Oll Sample D (S401) Ash and sulphur Coal
Per. conc. Product D removal recovery
db A TS PS SS AA ATS APS ASS
%_ % % % % % % % % %
A 22 94 395 1.11 006 847 529 786 800 67.2
8 22 94 394 1.09 005 839 S39 778 795 67.8
C 22 10.8 4.10 135 0.06 813 486 715 738 745
D 22 10.2 420 129 0.06 814 488 720 74.1 742
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Figure A3.1. Floatation kinetic test results — Influence of floataiion time on recovery. Comb.; + Ash;  Sulphur.
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Appendix 4.

IATF Data for Runs 17 to 20

Sample point designation:

A = S-140 (feed coal)

B = S-221 (HSM output)

C = S-501 (floatation cell froth)
D = S-401 (pyrite separator)
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Figure A4.1. Variation of the main process parameters during Run 1.
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Figure A4.2. Variation of the main process parameters during Run 5.
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Appendix .

Organization of Appendix 5: Volume 2
Section

Table AS.2. Factors used for estimating capial cost of
different areas.

5.1. Economic Data and Factors Cost Blement Factors
5.2. Plant Areas ggg Equipment Vendors' quotes or previous study.
Description:
Flowsheets Installation of Varied (10 to 45 percent of major
Process Equipment Equipment equipment cost).
Total Process Equipment
5.3. Design Basis . lgsullod Cost (PEIC)
5.3.1. Summary of Process Electrical us:
Requirements 088 Piping Varied (7 to 60 percent of PEIC).
5.3.2 ting Cost Estimat Instrumentation Varied (2 to 15 percant of PEIC).
-3.2. Operating Cos es Electrical Varied (4 to 30 percent of PEIC),
Plant Operation Buildings and
Operating Supplies Structures Varied (10 to 65 percent of PEIC).
Total Direct Cost (1TDC
5.4. Design Data plus: (e
Engineering, Procurement,
Construction
Management
(EPCM) 20 percent of TDC.
5.1. Economic Data and Factors Contingendi Varied (5 10 80 percent of TDC).
Table AS.1. Annual operating cost factors. Lom Plant Cost
Cost Element Factors Prepaid Royalties  As required.
Chemicals, Quantities from design, unit prices
Fuel, Water from Table A4, power use assumad Working Capital one month of operating cost and
at a rate equal to connected one month of supplies at nominal
horsepower. capacity.
Operating Supplies Total Capital Cost (TCC)
Salaries and Wages From manpower estimates.
Payroll Burden - 25 percent of salaries and wages.
Plant Operating Labour Table AS.3. Financial factors,
Maintenancse 40 percent of 1 to 6 percent per Cost indices and Cost Data: 1989 U.S. Dollars
Labour year of Total Direct Cost. Financial Crteria 100 percent equity for ROR
Maintenance 60 percent of 1to 6 percent per calculation .
Materiale year of Total Direct Cost. - m; :;o.b. plant site
Plant Maintenance Cost - {ull capacity and operation in
Year 1
Plant Operating Direct Cost — depreciation traight line over
Administration and 15 percent of direct plant operating 10 years
Support Labour  and maintenance labour. - plant life 25 years
. Total Plant Cost
General Adminis- 60 percent of direct plant operating Allocation Year 1 - 20 percent
tration Expenses  and maintenance labour. Year 2 - 50 percent
Year 3 - 3C percent
Property, Taxes 1.5 percent per year of Total Plant
and Insurance Cost.
Plant Operating indirect Cost
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Tabla AS.4. Prices and rates for chemicals, fuels, utilities,
etc.

Feed Coal $ 27.00/ton
Feed Oil (Maya)  $ 102.60/ton
Feed Dissel $178.40/ton
Electricity $ 0.065/kwh
Fuel $ 2.90/10°Btu coal
Water $ 0.60/1000 U.S. gailons
Chemical

Floculants $160/b
Refuse Disposal $ 7.00/ton
Table AS.E. Contingency factors.
New concepts with limited data 80%
Concept with bench-scale data available 60%
Small pilot-plant data 35%
Full-size demcnstration plant 20%
Commercial process 10%
Area Description Factor Used
100 Coal Delivery, Storage and Crushing 10
200 Coal and Qil Preparation 10
300 Agglomeration and Floatation 35
400 Agglomeration and Separation 35
500 Water Treatment 20
600 Product Loadout 10
700 Offsites -
5.2. Plant Areas

Area No. Area Deslignation
100 Coal Delivery, Storage and Crushing

200 Coal and Qil Preparation

300 Agglomeration and Floatation
400 Agglomeration and Separation
500 Water Treatment

600 Product Loadout

700 Offsites

5.2.1. Coal Delivery, Storage and Crushing:
Area 100 - Reference Flowsheet # ARCA7

Design Considerations

ROM coal would be delivered from the mine to the
plant in trucks owned by the coal company. No

provision was made for spare or duplicate equip-

ment for back-up in case of equipment failures.

The selection and sizing of equipment for the area
was based on the following design considerations:

* Trucks will deliver coal to the plant on a 12 h/day x
5 days/week basis.

+ The crushing circuit is to provide 390 tph of
-50mm x 0 raw coal for the Coal and Qil
Preparation Area on a 24 h/day x 7 days/week
basis.

« The production of fines through the crushing
circuit is to be minimized.

Process Description:

ROM Coal is dumped by trucks through a grizzly
into a 400 t capacity dump hopper. An apron feeder
is then used to deliver the coal from the dump hop-
per to the coal breaker at a rate of 1500 tph. The
coal breaker reduces the coal to 150 mm x 0 and
the coal is then taken by telt conveyor to a transfer
house. Belt scales have been included to monitor
the quantity of the coal deliveries. Rocks are
removed from the breaker and stockpiled at the rate
of 10 tph. From the transfer house the coal can be
directed either to the outside storage area or to the
500 tonnes raw coal storage bin in the plant crush-
ing area. The conveyor system which goes from the
dump pit area to the transfer house and to the plant
crushing area will be enclosed in insulated and
heated galleries.

Coal that is transferred to the outside storage area
becomes part of a 3-day live storage pile ¢r 10-day
compacted storage pile. Reclamation from the piles
is done with a front-end loader and the coal is intro-
duced back into the system through the 400 t dump
hopper.

Inside the crushing plant, coal will be fed from the
500 t raw coal bin via a vibrating ieeder at a rate of
390 tph fo the secondary crusher circut. The
150mm x 0 material will be screened at -50mm, the
oversize crushed in a double roll crusher to -50mm,
and the product added back to the screen underfiow.
The -50mm product will then be transferred via beit
conveyor to the Coal and Oil Preparation Area. Al-
lowance has been made for dust collection at
various points in the system.
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ESTIMATE SUMMARY

CLIENT: ARC/EPRI CONSORTIUM TYPE OF ESTIMATE: $£30%

PROJECT NO.: RP2655-12 DATE OF ISSUE:

AREA DESIGNATION: Coal Delivery, Storage and Crushing: Area 100

EQUIPMENT INSTALLED COST
$

TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC) $ 3,628,000

ALLOWANCE FOR:

Piping $
Instrumentation
Electrical
Bldg./Structural
1,640,000
TOTAL DIRECT COST $--3.267,000
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u E LY

(cost included in #15)

CLIENT: ARC/EPRI CONSORTIUM S8HEET NO.: _l or _3
PROJECT NO.: RP2655-12 ISSUE DATE:
AREA DESIGNATION: Coal Delivery, Storage and Crushing: Area 100
ITEM NO, QUANTITY DESCRIPTION PRICE
1 1 400 t Capacity Dump Hopper c/w '8 773,000
grizzly
2 1 Apron Feeder, 1500 tph capacity, 83,000
20 hp motor, dribble chute
3 1 Rotary Breaker , 1500 tph capacity, 196,000
+4" fced, 3" x 0 product, 100 hp,
100 hp motor, discharge chute
4 1 Belt Scales 41,000
5 1 Magnet (cost included in #4) ——
6 1 Flop-Gate and Discharge Chutes 76,000
7 1 500 t Capacity Surge Bin 69,000
8 1 Vibrating Feeder, 450 tph, 25 hp 43,000
motor, discharge chute
9 1 Front End Loader 534,000
10 1 Vibrating Screen, 450 tph, 50 mm 29,000
aperture, 6’ x 16°, single deck,
10 hp motor, discharge chute
11 1 Raw Coal Roll Crusher, 450 tph 155,000
capacity, double roll 34" x 36",
2 x 75 hp motors, discharge chute
12 1 Flop-Gate and Discharge Chutes ——
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EQUIPMENT LIST
CLIENT: ARC/EPRI CONSORTIUM SHEET NO.:

PROJECT NO.: RP2655-12 IBSUE DATE:

_2 or

o

AREA DESIGNATION: Coal Delivery, Storage and Crushing: Area 100

ITEM NO. QUANTITY DESCRIPTION PERICE

13 - Dust Collection System, total motor $ 88,000
hp = 140

14 - Dump Pit Sump Pump and Storage Area 193,000
Sump Pump, total motor hp = 10

15 - Belt Conveyors: Allowance for 700 ft 603,000
of 60" belts, 300 ft of 36" belts,
total motor hp = 350
TOTAL EQUIPMENT COST $ 2,883,000

INSTALLATION AT 26% OF EQUIPMENT

CosT $ 745,000

TOTAL INSTALLED EQUIPMENT COST

FOR AREA $ 3,628,000
sSs===s=ss=s
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5.2.2. Coal and Oil Preparation:
Area 200 - Reference Flowsheet # ARC48

Design Considerations

The purpose of the Coal and Oil Preparation Area is
to prepare and condition coal water slurry including
addition of additives, and to receive and mix bridging
oil components (crude oil and diesel) to be used in
the Agglomeration and Floatation Area.

The following design guidelines were developed:
The area is to process 300 tph of -50mm x 0 raw
coal on a 24 lvday x 7 days/week basis.

Raw -50mm x 0 coal is to be puliverized to 50
percent minus 100 mask or dgy=150 Mm.

A residence time of 5 minutes is to be allowed for
coal conditioning (wetting) in the slurry mixing
tanks.

The crude oil and diesel delivery tanks are to
provide five and thirty days delivery storage,
respectively.

The crude oil tank is to be insulated and equipped
with steam heating coils to keep the oil
temperature (viscosity) at above 20°C (14.5°API).
All piping for crude oil and bridging oil is to be
insulated and steam heated so that it is possible to
pump the oil in cold weather.

Oil tanks are located in a bermed area to contain
any spills.

Process Description
390 tph of -50mm x 0 coal from the Coal Delivery,
Storage and Crushing Area is transfeired by con-

86

veyor to four ball mills, operating in parallel, where it
is pulverized to -0.6mm x 0. The coal is then dis-
charged to two slurry mixing tanks where 910 tph
recycle water is added to prepare a 29.4 percent
coal slurry, dry wiw basis. The coal sluny is condi-
tioned in the mixing tanks by adding appropriate ad-
ditives and mixing for 5 minutes (mean residence
time). Each tank is equipped with an agitator and a
siurry pump to move the slurry to the Agglomeration
and Floatation Area.

The Coal and Qil Preparaticn Area also serves to
receive crude oil and diesel, and to blend the oil intv
bridging oil formutation. The crude oil is delivered to
a 50,000 bbl, 5-day storage tank. The tank is steam
heated and mixed using a recirculation loop on the
crude oil pump. The diesel is delivered to a 300 ton,
30-day storage tank from where it is pumped to the
bridging oil tani.

1.6 tph of crude oil and 0.4 tph of light oil are
mixed in the bridging oil tank by recirculation of the
blended oil. The bridging oil tank, like the crude oil
tank, is insulated and steam heated to keep the oil
viscosity “API 15. The crude and bridging oil pipes
are steam traced to keep the oil pumpable in cold
weather.

The blended bridging oil is transferred to the Ag-
glomeration and Floatation Area via the B.O. pump
at the rate of 2.0 tph.
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CLIENT: ARC/EPRI CONSORTIUM

ESTIMATE SUMMARY

PROJECT NO.: RP2655-12

PROCESS EQUIPMENT

TYPE OF ESTIMATE: 130%

DATE OF ISSUE:

AREA DESIGNATION: Coal and ©0il Preparation: Area 200

EQUIPMENT

TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC)

ALLOWANCE FOR:
Piping
Instrumentation
Electrical

Bldg./Structural

TOTAL DIRECT COST

INSTALLED COST
$

$ 8,527,000

4,215,000
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CLIENT: ARC/EPRI CONSORTIUM SHEET NO.: 1l OF _l
PROJECT NO.: RP2655-12 ISSUE DATE:
AREA DESIGNATION: Coal and 0il Preparation: Area 200
ITEM NO, QUANTITY DESCRIPTION PRICE
1 4 Wet Ball Mills, 100 tph capacity 5,467,000
each, 4 x 2500 hp
2 2 Slurry Mix Tanks, 15’¢ x 10’ SS 58,000
3 2 Agitators, 2 x 100 hp motor 230,000
4 4 Slurry Pumps, 2500 USGPM, 61,000
2 X 50 hp, one spare
5 1 Crude 0il Tank, 50,000 bbl, 573,000
insulated, with steam heating
coils
6 2 Crude Oil Pump, 1 & 2, 400 12,000
USGPM, 20 hp
7 1 Diesel Tank, 3,000 bbl 45,000
8 1 Diesel Pump, 20 USGPM, 2,000
S hp
9 1 Bridging 0il Tank, 10,000 US 16,000
gallons, insulated
10 1l Bridging 0il Pump, 20 USGPM, 4,000
5 hp
11 - 0il sampling System and Allowance 48,000
for steam tracing of crude oil
and bridging oil pipes
TOTAL EQUIPMENT COST $ 6,516,000
INSTALLATION AT 31% OF EQUIPMENT
COST $ 2,011,000
TOTAL INSTALLED EQUIPMENT COST
FOR AREA $ 8,527,000
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35.2.3. Agglomeration and Floatation:
Area 300 - Reference Flowsheet # ARC72

Lesign Considerations

The purpose of the Agglomeration and Floatation

Area is to remove mineral matter and pyrite, and ag-

glomerate the -0.6mm x 0 raw coal into ~0.2mm (40

percent moisture) microagglomerates that can be fur-

ther enlarged in the Agglomeration and Separation

Area.

Selection and sizing of the equipment for this area
has been done using the following design considera-
tions:

* Mean residence time required for growth of 0.2
mm to 0.5 mm flocs in high shear vessels is 4
minutes.

+ Optimal solid slurry concentration is 30 percent in
high shear mixers, 18 percent in floatation cell and
hydroseparator.

« Total ash rejected is 69 percent of ROM coal feed
ash with 48 percent rejected in the floatation cell
undertfiow and 15 percent rejected in the
hydroseparator underfiow.

* Moisture content in floatation froth is estimated at
40 percemt.

* Total pyritic sulphur rejected is 59 percent of ROM
coal feed pyritic culphur with 41 percent rejected
in the floatation cell underflow and 18 percent
rejected in the hydroseparator underfiow.

Process Description

1300 tph of 29.4 percent coal slurry is recsived from
the Coal and Oil Preparation Area and mixed with
the bridging oil in eight parallel high shear mixers.
The coal is wetted by bridging oil and formed into

90

microagglomerates 0.2mm in size. The product of
the high shear mixing is diluted with 823 tph recycle
water to 18 percent solids, (dry ww slurry basis) and
is fed into four floatation cells, operating in parallel,
each 150 tph capacity, wet froth basis. The clean
coal floated from the circuit will be approximately
556.3 tph and 40 percent moisture.

The froth is transferred to four hydroseparators
operating in parallel where it is again wiluted with
recycle water to 18 percent solids, ww slunry basis.
The froth is washed, separated from the pyrite par-
ticles and the”: the clean froth is transferred to a
sump where & is mixad with recycle water before it is
pumped to the Agglomeration and Separation Area.

The floatation underflow, containing about 3.2 per-
cent solids is discharged into a static thickener. A
large-volume, conventional settling tank design was
selected for the thickener to accommodate process
upsets more easily. The concentrated coal refuse is
removed in the vacuum disc filter. The coal refuse
from the floatation cells circuit will be approximately
55.1 tph, 10 percent moisture.

The hydroseparator underflow with about 1.1 per-
cent of solids is discharged into the second static
thickener. The refuse pyrite and coal are removed in
the vacuum filter and transferred together with the
floatation underfiow refuse to the refuse bin. The
total refuse will be approximately 70.5 tph and will
be trucked away by coal hauling trucks.

A significant amount of process water, 823 tph, is
required to dilute the product of the high shear
mixers. All the required water is recovered from the
fioatation circuit and is recycled back after removal
of the suspended solids.
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PROCESS EQUIPMENT

ESTIMATE SUMMARY
CLIENT: ARC/EPRI CONSORTIUM TYPE OF ESTIMATE: ¢+ 30%
PROJECT NO.: RP2655-12 DATE OF ISSUE:
AREA DESIGNATION: Agglomeration and Floatation: Area 300
EQUIPMENT INSTALLED COST
$
TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC) $ 4,099,000
ALLOWANCE YOR:
Piping $
Instrumentation
Electrical
Bldg./Structural
4,913,000

TOTAL DIRECT COST
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EQUIPMENT LIST

CLIENT: ARC/EPRI CONSORTIUM S8HEET NO.:! 1l OF _3
PROJECT NO.: RP2655-12 ISSUE DATE:
AREA DESIGNATION: Agglomeration and Separation: Area 300
ITEM NO, QUANTITY DESCRIPTION PRICE
1 10 High Shear Mixers, 2 spare, $ 2,121,000
5.5¢ x 15/, including agitators,
8 x 360 hp @ 1,600 rpm
2 10 0il Metering Pumps, 2 sparae, 20,000
2 USGPM, 8 x 1 hp
3 4 Flotation Cells, 150 tph froth 197,000
each, 4 x 150 hp each
4 4 Hydroseparators, 150 tph froth 244,000
each, 4 x 180 hp each
S 1l Static Thickner, 6900 USGPM, 3% 132,000
solids loading, 73’ dia., 10’ deep
20 hp motor
6 1 Vacuum Disc Filter, 730 USGPM, 25% 48,000
solids loading, incl vacuum pump,
total motor hp = 80
7 2 Cleanup Sump and Pump, 5 hp motor 11,000
8 1 Refuse Coal Belt Conveyers, 32" 48,000
wide, 50’ long, total motor hp = 75
9 1 Static Thickener, 5800 USGPM, 1% 121,000
solids loading, 67’ dia. 10’ deep,
10 hp motor
10 1l Vacuum Disc Filter, 220 USGPM, 25% 13,000

solids loading, incl vacuum pump,
total motor hp = 25
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EQUIPMENT LIST
CLIENT: ARC/EPRI CONSORTIUM SHEET NO.: 2 OF

[o

PROJECT NO.: RP2655-12 ISSUE DATE:

AREA DESIGNATION: Agglomeration and Separation: Area 300

ITEM NO, QUANTITY DESCRIPTION PRICE

11 5 Froth Sump Pumps, 1300 USGPM, $ 60,000
one spare, 4 x 30 hp

TOTAL EQUIPMENT COST $ 3,015,000

INSTALLATION AT 36% OF EQUIPMENT
COST $ 1,084,000

TOTAL INSTALLED EQUIPMENT COST
FOR AREA $ 4,099,000
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5.2.4. Agglomeration and Separation:
Area 400 - Reference Flowsheet # ARC73

Design Considerations

The purpose of the Agglomeration and Separation

Area is 10 eniarge the microagglomerates from

~0.2mm to 0.8mm to 3.0mm in size, and to dewater

the macroaggiomerates to 10 percent moisture, wiw
basis.
The following design assumptions were made in
sslection and sizing of the equipment:
» To achieve a narrower residence time distribution
in the low shear mixers, and a more uniform
product, two mixing vessels, in series, with a
combined residence time of 26 minutes are used.
The second vessel also serves as a surge
capacity tank before green agglomerates are

- dewatered.

* The growth process for the agglomerates require
addition of light crude oi! to a level of 12 percent
(dry w/w coal basis).

» Low mpm centrifugal extractors are to be used for
drying green macroagglomerates.

Process Description

The hydroseparator product (froth) diluted to 30 per-
cent microagglomerates slurry is pumped from the
Agglomeration and Floatation Area into the low
shear mixers. 38 tph of bridging oil is also added in
the low shear mixers to promote growth of the fioc
particles into green aggiomerates 0.8 to 3.0mm in
size. The product slurry of macroagglomerates is dis-
charged on four drain and rinse, double deck vibrat-
ing screens, where i is drained, rinsed and
dewatered. The green agglomerates from the D&R
screens will be approximately 463 tph and 25 per-
cent moisture.

The wet agglomerates are transfemed to eight
centrifugal extractors operated in paraliel where the
product is further dewatered to 10 percent moisture.
The extractors are oscillating, conical-screen type
and operated at low rpm.

All process water from the D&R screens’ under-
flow and the centrifuges is recycled to the Coal and
Oil Preparation Area.
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PROCESS g
ESTIMATE SUMMARY

CLIENT: ARC/EPRI CONSORTIUM TYPE OF ESTIMATE: : 30%

PROJECT NO.: RP2655-12 DATE OF ISSUE:

AREA DESIGNATION: Agglomeration and Separation: Area 400

EQUIPMENT INSTALLED COST
$

TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC) $ 2,765,000

ALLOWANCE FOR:

Piping $
Instrumentation .
Electrical

Bldg./Structural

2,627,000
TOTAL DIRECT COST $___5,392,000
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CLIENT: ARC/EPRI CONSORTIUM

EQUIPMENT LIST

PROJECT NO.: RP2655-~12

AREA DESIGNATION:

IIEM NO. QUANTITY

1 8
2 4
3 4
4 10
S 2

Agglomeration and Separation:

SHEET NO.: 1 or

Area 400

[o

ISSUE DATE:

DESGRIPTION

Low Shear Mixers, 12’ x 22/,
incl. agitators, 8 x 120 hp @
600 rpm

Bridging 0il Metering Pumps

Drain and Rinse Screens,

12’ x 17’, 150 tph each, 0.8mnm
apertures double deck, discharge
chutes

Centrifugal Extractors, 60 tph
solids each, two spare, 80 hp
each

Recycle Water Pumps, 1800 USGPM
sach, 2 x 40 hp

TOTAL EQUIPMENT COST

INSTALLATION AT 36% OF EQUIPMENT
COST

TOTAL INSTALLED EQUIPMENT COST
FOR AREA

PRICE

S 743,000

$ 29,000
$ 257,000

$ 975,000

$ 31,000

$ 2,035,000

$ 730,000

$ 2,765,000
szzz==s====
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§.2.5. Water Treatment: Area 500
- Reference Flowsheet # ARC71

Design Considerations

The basic design and cost information for treating
the make-up water for the Aglofloat process was
based on water treatment package plants.

Process Description

For the plant water needs, well or surface water will
be treated and stored in the recycle water pond.
The well or surface water will be treated to process
water quality standards. in addition, a small amount
of water will be treated for drinking water and for
sanitary purposes.
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PROCESS EQUIPMENT
ESTIMATE SUMMARY

CLIENT: ARC/EPRI CONSORTIUM

TYPE OF ESTIMATE: ¢t 30%

PROJECT NO.: RP2655-12 DATE OF ISSUE:
AREA DESIGNATION: Water Treatment: Area 500
EQUIPMENT INSTALLED COST
S
TOTAL PROCE3SS EQUIPMENT
INSTALLED COST (PEIC) S -
ALLOWANCE FOR:
Piping $
Instrumentation
Electrical
Bldg./Structural

TOTAL DIRECT COST
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EQUIPMENT LIST
CLIENT: ARC/EPRI CONSORTIUM SHEET NO.

AREA DEBIGNATION: Water Treatment - Area 500

t _1 OF

|

PROJECT NO.: RP2655-12 ISSUE DATE:

ITEM NO, QUANTITY DESCRIPTION

Total Direct Cost from data for
packaged plants, water quantity

and quality:

Make-up Water Requirements 32.5 tph
Energy Requirements: 100 hp
TOTAL DIRECT COST FOR AREA 500 $

1,150,000
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5.2.8. Product Loadout: Area 600
- Reference Flowsheet # ARC70

Design Considerations

The design of the Product Loadout Area for ag-
glomerates and coal refuse provides two days
production storage for agglomerates and three days
production storage for coal refuse. The loadout
facility for rail cars has been included in the design.

Process Description

The dry agglomerates product will be transferred
from the Agglomeration and Separation Area via bek
conveyors. A single 10,000-ton live capacity ground
stockpile will be maintained. The product will be
withdrawn from the stockpile by vibrating feeders
and transferred to a 500-ton loadout bin for loading
into railcars via a shuttle conveyor.

The weighing system is a simple design using the
tare weight of the railcar and track scales. A track
mobile will be used to move the cars during loading.
Prior to shipping, the surface of the product will be
sprayed with a latex solution to prevent dust losses
enroute and to conform to environmental industry
standards.

The coal refuse is transferred from the Agglomera-
tion and Fioatation Area at the rate of 70.5 tph to
500 ton capacity refuse loadout bin. The refuse will
be loaded on coal delivery trucks and hauled back to
a display area. In case of emergency, coal refuse
can be directed to an outside, 3-day emergency
refuse storage pile. The refuse will be withdrawn
from the pile with a front-end loader and conveyor
system. The refuse pile area will be constructed
using a proper ground lining and drainage trenches
for run-off waters.

103



0LJYv Zi-
HOSATY UTWrews Jeeiva GG9CdY
009 v3iyv 0>
. 140
1NOavO1 13N00¥Yd _mauw%w
10 % é \“
<

TONNOD HOYVISIY viy3gwv

1000S OL 4N X
JUINOOLS
3SNJ3Y AON3OY3NI |

1008

N8 1N0GvO01

3SN43y¥ vOI

S¥30334

udig ¥z

10Nn00y¥d GIos

104



ST 8 R

CLIENT: ARC/EPRI CONSORTIUM TYPE OF ESTIMATE: +30%

PROJECT NO.: RP2655-12 DATE OF ISSUE:

AREA DESIGNATION: Product Loadout: Area 600

EQUIPMENT INSTALLED COST
$

TOTAL PROCESS EQUIPMENT
INSTALLED COST (PEIC) $ 6,971,000

ALLOWANCE FOR:

Piping S
Instrumentation
Electrical
Bldg./Structural
839,000
TOTAL DIRECT COST $___27,810,000
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CLIENT: ARC/EPRI CONSORTIUM 8HEET NO.: __OF

PROJECT NO.: RP2655-12 ISBSUE DATE:

AREA DESIGNATION: Product Loadout: Area 600

ITEM NO., QUANTITY DESCRIPTION BRICE

1 1 Product Stockpile Storage Area, $ 3,507,000
Live Capacity 10,000 t, includes site
preparation, reclaim tunnel and dust
collection systenm.

2 6 Reclaim Vibrating Feeders, 150 tph 90,000
capacity each, total motor hp = 60,
discharge chutes

3 2 500 t Capacity Agglomerates Loadout 204,000
Bins

4 - Allowance for Rail Car Loadout System 188,000

S - Belt Conveyors: Allowance for 750 172,000
ft of 30" belts, total hp = 200

6 - Latex or Calcium Hydroxide Spray 29,000
System

7 1 Coal Refuse Bin, 500 t capacity 102,000

8 1 Coal Refuse/Storage Area, Live 2,314,000

Caracity, 5000 t, includes site
preparation, reclaim hopper and
conveyor belts, total motor hp=80

9 1 Front End Loader 267,000

TOTAL EQUIPMENT COST $ 6,873,000

INSTALLATION AT 1% OF EQUIPMENT
COSsT $ 98,000

TOTAl. INSTALLED EQUIPMENT COST
FOR AREA $ 6,971,000
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5.3. Design Basis

5.3.1. Design Basis: Summary of Process
Electrical Requirements

Table A5.6. Summary of process electrical requirements.

Area  Description Connected Operating

H.p. Kw
700 Coal Delivery, Storage 905 681
and Crushing
200 Coal and Oil Preparation 10,330 7,768
300 Agglomeration and 4,548 3,420
Floatation
400 Agglomeration and 1,700 1,278
Separation
S00 Water Treatment 100 75
600 Product Loadout 340 258
Total 17923 13,478

5.3.2. Design Basis: Operating Cost Estimates

Table AS5.7. Aglofioat Process: Plant Operations.

Salaries and Wages Selary/
Day Shift Numbers wages Total
Plant Supenntendent 1 50,000 § 50,000
General Plant Foreman 1 45,000 45,000
Process Engineer 1 45,000 45,000
Process Technician/Analyst 2 37,000 74,000
Technical Clerk 1 25,000 25,000
Shipping Foreman 1 42,000 42,000
Loading Crew 4 25,000 100,000
o 1" $ 381,000
ayroll Burden @ 35% % 133,000
Subtotal 514,000
Shift Workers
Coal Delivery and Reclaim 4 $ 31,0008 124,000
Attendant
Coal and Oil Preparation 4 31,000 124,000
Agglomeration and Floatation 4 31,000 124,000
Agglomeration and Separation 4 31,000 124,000
Central Control Operator 4 31,000 124,000
Shift Foreman 4 42,000 168,000
a3 :‘mfm
Payroll Burden @ 35% 276,000
Subtotal $ 1,064,000
Total: Plant Operating Labour $ 1,578,000
Operating Supplies
Chemicals
Water Treatment 20,000

Floculant 50 kg/hv of methylisobutyl carbinol 560,000
X 7,000 hrs x $ 1.60/4g

Latex Spray 185,000
Fuel

45x 12’ MMBtuy natural gas x $ 2.90/MMBtu 131,000
Electr

94.5 x 10° kWh x $ 0.0654Wh 6,132,000
Water

60.2 x 10° gal x $0.6/1000 gal 36,000
ROM Coal

400 tph x 7000 hrs x $ 27.001¢ 75,600,000
Crude Oil v

39.6 tph x 7,000 hrs x $ 102.64 24,441,000
Diesel :

04tphx 7,000 hrs x $ 178.41 500,000
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Table A5.8. Maintenance cost estimate: Aglofloat.

Total area

cost, Annual Annual
000’s

Area Description

100 Coal Delivery,
Storage and
Crushing

200 Coal and Oil

Preparation 12,742

300 Agglomeration
and Floatation

400 Agglomeration
and Separation

500 Water Treatment

600 Product Loadout 7,810

Total Maintenance Cost

Cost,
000’s
% labour Materlals

3 63 95
4 204 306
6 216 325
6 129 194
3 14 21
3 94 141
720 1,081
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5.4. Design Data

Table AS.9. Analysis of design ROM coal, coal refuse and

dried clean coal product.
Feed Refuse Clean
Coal Coal Product
Proximate, percent
Moisture 2.0 10.3 2.2
Ash 17.0 66.9 6.2
Volatile 36.5 10.1 40.4
Fixed Carbon 445 12.7 50.6
Ultimate
Moisture 20 10.3 22
Ash 17.0 66.9 6.2
Carbon 66.4 19.3 76.9
Hydrogen 43 1.2 49
Nitrogen 1.1 03 1.3
Sulphur, organic 1.2 0.6 1.3
Sulphur, pyrite 24 8.0 1.2
Oxygen (diff) 5.6 6.0
Heating Value, Btu/b 11,900 3,350 13,300
GJr 274 7.7 30.7
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