Advanced coal cleaning
meets acid rain
emission limits

Advanced coal cleaning processes allow high-

sulfur coal to meet New York’s stringent new

acid rain emission regulations

By D. J. BORON, New York State Energy Research &

Development Authority; [. P. MATONEY,

M. C. ALBRECHT, Kaiser Engineers, Inc.

study of advanced coal clean-
g ing technology was done for
the state of New York to in-
vestigate methods to use high-
sulfur coal in view of anticipated lower
S0, emission Limits,

The study showed that physically
cleaned, northern Appalachian high-
sulfur coals are a promising alternative
to low-sulfur coals from southern Appa-
lachian fields. Testing showed that a
combination of conventional coal clean-
ing with advanced methods that should
be commercially available in the 1990s
can reduce S0, emissions up to 77%.

Recently, New York acted to reduce
50, emissions by passing the “State
Acid Deposition Control Act™ (Ref.
1 }—considered this country's first acid
rain law. The act establishes measures
to reduce SO, emissions from New
York sources by 30%, based on 1980
emission levels, in two stages.

The first stage, scheduled to take ef-
fect January 1, 1988, calls for an 11%
reduction. The second stage, 1o be for-
mulated by January 1, 1991 in the ab-
sence of federal acid rain control legis-
lation, would bring the total New York
S0, emission reduction to 30%.

The reductions correspond to those
that might be required of New York if
federal acid rain legislation is enacted.
Other northeastern states are now con-

sidering acid rain legislation in view of
MNew York's precedent.

Coal cleaning study

Objectives of the coal cleaning study
were to conduct a comprehensive tech-
nical evaluation of new coal cleaning
technologies that can produce a low-
sulfur and low-ash product from mid- to
high-sulfur northern Appalachian coals
and to assess the cost competitiveness ol
the clean coal product in the New York
state market in comparison to low-sul-
fur coal from the southern Appalachian
coal fields.

Target emission levels of 1.2, 1.6 and
2.2 pounds of SO, per million Btu were
identified to cover a range of emission
limits that might result from current
MNew York or pending federal acid rain
legislation.

A combination of advanced and con-
ventional physical coal cleaning tech-
nologies was used to process three can-
didate northern Appalachian coals
{Upper Freeport, Lower Frecport, and
Pittsburgh).

Conventional processing was done at
the EPRI Coal Cleaning Test Facility
(CCTF) at the Homer City power
plant. Samples were collected and split
at the Bituminous Coal Research Na-

| tional Laboratory (BCRNL) to provide

| representative coal samples for each ad-

vanced process developer.

The approach at the EPRI facility
involved removing the 28-mesh x 0 nat-
ural fines from each coal, processing the
plus-28-mesh material in a heavy medi-
um cyclone at 1.7 specific gravity and
reprocessing the float-1.7 material in a
heavy medium cyclone at 1.3 specific
gravity.

The float-1.3 material provided prod-
uct coal while the natural fines (28-
mesh x 0) and plus-28-mesh middlings
(float-1.7 /sink-1.3 specific gravity)
fractions provided feed material for the
advanced physical coal cleaning
processes.

Advanced processes

Thirteen physical coal cleaning
processes were identified from an initial
tabulation of nearly 30. (All chemical
coal cleaning processes were eliminated
from consideration because it was as-
sumed that they would not be commer-
cially available by 1995.)

The evaluation was based on weight-
ed rating factors in three main catego-
ries: commercial availability by 1995,
technical performance, and economics,
Upon completion of the evaluation, the
developers of the highest ranked
processes were surveyed to determine
their willingness to participate in the
detailed process evaluation program. As
a result of the inquiries, the following
processes were selected for study:

*Fine-coal, heavy-medium cyclone
separation/flotation,

sAdvanced fotation,

«Dow true heavy liquid scparation,

«Advanced Energy Dynamics (AED)
electrostatic separation, and

«Mational Research Council of Cana-
da oil agglomeration.

These five technologies are at various
stages of development, and we caution
the reader not to take the results pre-
sented as a direct comparison of their
capabilities.

Cost estimates were based on design
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parameters for the conventional coal
cleaning plant including cleaning plant
capacity factor (111%), operating hours
(3500 hr/yr), availability (90%), and
clean coal yield (70%). Coal feed re-
quirements for a 500-MW power plant
operating at 65% load factor with a heat
rate of 9500 Btu/kWh were then deter-
mined. These design and operating pa-
rameters provided information for
equipment requirements and capital
cost estimates.

Costs for each advanced process cov-
ered in the study and for conventional
coal cleaning and coal-water mixture
(CWM) plants were prepared for Low-
er Freeport coals only. Capital costs for
the conventional coal cleaning and
CWM plants are estimated at $25 mil-
lion and $22.5 million, respectively, in
1985 dollars.

Table 1 summarizes the results of
conventional coarse coal cleaning com-
bined with the advanced process for
each coal. The SO, emissions, emission
reductions, and Btu recoveries achieved
for each process on the selected coals
are summarized in Table 2.

Capital and operating cost cstimates,
expressed in 1985 dollars, were made
for the facilitics required to receive and
crush run-of-mine (ROM) coal, wash
450 tph of raw coal in a coarse coal
cleaning plant, dispose of the rejects

from coarse cleaning, separate the clean
coal (float-1.30 specific gravity) from
the middlings coal, and process the
ground middlings and the 28-mesh x 0
ROM coal in the advanced coal clean-
ing plant.

The capital costs for an integrated

facility located at the mine site and the
annual integrated cleaning plant oper-
ating costs are shown in Table 3.

Levelized cleaning costs for Lower
Freeport coal to fuel a 500-MW power
plant at 65% load factor are shown in
Table 4.

Fine-coal, heavy-medium process
The fine-coal, heavy-medium cyclone/
flotation process involves cleaning the
fine coal in a heavy medium cyclone
using a magnetite-water mixture as the
separation medium. Raw coal is mixed
with a medium and then directed under
pressure 1o a cyclone, where it separates
into a clean coal fraction and a refuse
fraction based on the specific gravity of
the particles and the medium (Ref. 2).

Test work indicated that coals of plues
1 50-mesh could be treated by this pro-
cess. Rougher-cleaner flotation was
used to process the minus 150-mesh
coal.

Table 1| shows that the process was
unable to clean any of the candidate
coals to their prescribed S0, emission

Table 1. Selected process results (integrated plant)

targets. However, Upper and Lower
Freeport coals were cleaned to less than
the highest target emission level of 2.2
Ik SO,/million Btu, S0, reduction
ranged from 43.3% for Pittsburgh No. 8
coal to 72.1% for Lower Freeport coal.

Advanced fotation

The rougher-cleaner, advanced multi-
stage flotation process was also evaluat-
ed. The first stage rougher fotation
cells are operated to separate outl the
high-ash, least floatable materials as
refuse. The froth product from the
rougher stage is then reprocessed in
cleaner cells in which a pyrite depres-
sant is used in addition to a coal collec-
tor. The froth product of this stage was
low in ash and sulfur and became the
final product. The rejects from the
cleaner cells were combined with the
rougher stage refuse,

Table 1 shows that flotation was un-
able to clean any of the coals to their
targeted emission levels. Only rougher-
cleaner flotation of Upper Freeport
coal, combined with conventional coarse
coal cleaning, meets the highest target
emission level of 2.2 1b SO,/ million Biu.

Dow true heavy liquid separation

The Dow process uses two beneficiation
steps to clean coal and a proprietary
salvent recovery technology to remove
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Table 2. Process performance results
(Integrated plant)
b S0, S0,
emission emission Btu

Process Coal Seam (Lbs. S05/10° Btu) reduction (%a) recovery (%) .
FCHMC/! Upper Freeport T R el e e Bt L ke CoRE
flotation Lower Freeport R o e s AT :

PittsburghNe. 8 g R B e !
Advanced Upper Fresport : o o P R EE s :
flotation Cower Freeport o or L e . e |

Pittsburgh Ne. & S 39.0 SRS EPEESEEE |
Dow true Upper Freeport 1.6 ' BB.4 T B A |
heawy liquid Lower Freaport _ S R : 73.9 e '

Pittsburgh Mo 8 : byl 43.9 2 o] i
AED-FC Upper Freeport LR 51.6 20.0 I

Lower Freeport 28 62.5 go.0

Pittsburgh No. 8 ] 3.4 39.7 2935
AED-UFC Upper Freeport : 1t 744 916

Lower Freepor 1.7 T4 BaOk

Piltsburgh No. 8 a8 : 48.0 o4
oil "~ UpperFreeport 23 520 203
agglomeration Lower Freepart 239 &1.1 a0t -

Pittsburgh Na. 8 a7 338 a1.7 & |

salvent from water circulating through
the system. The latter step reduces the
chlorinated solvent content in the wash
waler 1o less than 10 ppm, allowing
water to be safely discharged from the
systemn, as well as recovering salvent Tor
recycle. The two beneficiation steps are
a liguid-liquid partitioning step treating
the minus 100-mesh coal particles and
cyclone separation steps lor all sizes
(Ref. 3).

The liquid-liquid partitioning step is
used to remove clay from coal lines, The
process 1s carried out with a chlorinated
solvent and water. The hydrophobic
coal-rich particles collect in the heavier
chlorinated solvent phase, This step sep-
arates only particles that are hydrophil-
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lic in nature from those that are
hydrophobic.

In the cyclone separation step, coal-
rich particles from the liguid-liquid par-
titioning step {minus 100-mesh) and the
coarser coal fractions (28 1 [00-mesh)
are slurried with solvent and pumped
under pressure into cyclones. In the cy-
clones, the coal-rich fraction separates
al or near the specific gravity of 1he
salvent as the overflow. The high-gravi-
ty ash and pyrite-containing particles
(refuse) discharge as underflow from
the cyclones. Each of the streams passes
through a series of solvent removal fre-
covery steps to yield a clean coal prod-
uct and a refuse.

Total SO, emission reductions ranged
from 44% for Pittsburgh No. 8 coal o
74% for Lower Freeport coal. Table 1
shows that Upper Freeport coal was
cleaned to the target emission level of
1.6 Ib SO, /million Btu, and Lower
Freeport coal was cleaned to 2.0 1b S0,/
million Biu,

AED fine coal electrostatic separation
The AED fine coal (FC) process devel-
aped by Advanced Energy Dynamics,
Inc. (AED) of MNatick, Mass. uses an
electrostatic drum-separator technol-
agy. The pulverized coal is subjected to
electrostatic charging and then fed onto
the surface of a rotating drum. The
charge remains on the nonconductive
coal particles, attracting them 1o the
drum. The charge on the conductive
sulfur and ash-bearing materials drains
off 1o the grounded drum, releasing
these materials,

Centrifugal and gravitational forces
effectively separate the impurities from
the coal. The coal adhering to the drum
is scraped off using a doctor blade. The
FC process operated most efficiently on
particles larger than 37 microns (400-
meshl.

The lack of effectiveness below 400-
mesh concerned AED, since 20 1o 40%
of conventionally pulverized coal is
found within this range. A significant
fraction of inorganic (pyritic) sulfur ex-
ists in this size range, and pyritic sulfur
is the most easily removed by physical
cleaning.

Ultrafine coal (UFC) process
The UFC process is based on the phe-
nomenon that fresh surfaces created
when any solid material 15 broken emit
electric charges. When a mixture of two
types of particles is introduced into a
system in which at least some of the
particles are broken, a differential
charge is created. One type of particle is
charged positively and the other
negatively.

In practice, the UFC system includes
a “charger” in which the pulverized
coal is introduced and subjected to im-
pact and breakage by being accelerated
to u high velocity and projected against
ar along surfaces. The charged particles
then exit into a collector, where an elec-
tric [ield is maintained between slowly
rotating electrode disks. Alternate disks
are maintained at positive and negative
potential. The negatively charged inor-
ganic particles are attracted to the posi- |
tive electrodes and are scraped off in the |
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'I‘al:le 3. Capital and operating noﬂsuﬂmartas

(1985 dollars)

reject removal zone
of the collector. The
positively charged
coal particles are at-
tracted to the nega-
tive electrodes and |
are scraped off into
the product stream
(Ref. 4).

The UFC system
can ¢lean coal in the
particle size range of
140-mesh (106 u) to
0. This range over-
laps with the FC sys-

- Operating cost

L'.aprtal cost

SRl

tem, giving fexibility in optimizing an
overall system using FC, UFC, or a mix
of FC and UFC processing.

The AED process equipment would
be located at the power station between
the pulverizers and the burners. This
process would require handling, stor-
age, and shipping of two coal streams,
combined middlings and raw coal fines,
and coarse clean coal from the conven-
tional coal cleaning plant to the power
station.

It is anticipated that the coarse clean
coal and the combined middlings/raw
coal fines would be fired in separate
burner systems on the same boiler.

The two-stage FC electrostatic sepa-
ration plant cost estimate is based on
two identical 50-tph modules installed
adjacent to the power plant and operat-
ing on the same schedule, without stor-
age capacity for finished product.

Table 2 shows that the FC process
test program was unable to clean any of
the candidate coals to their targeted
S0, emission levels. Only test results
from Upper Freeport coal approached
the highest emission level of 2.2 1b SO,/
million Btu with a combined coarse/
advanced cleaning process coal product
of 2.3 Ib 50,/million Btu. Combined
product weight yields ranged from 73 1o
#5%, and Btu recoveries ranged from 89
to 94%.

The overall results from the FC pro-
cess tests were mixed. The quality of the
coals was improved in all of the cases;
however, more test work is needed to
determine the optimum operating
parameters.

Information on AED's UFC process
i5 based on theoretical calculations from
test data by AED which simulate the
performance of multistage electrostatic
separation in various stage arrange-
ments. The results shown in Table 4 are
subject to verifving the theoretical cal-
culations through pilot plant testing.
With the above-mentioned reserva-
tions, AED's tests indicate that Upper
Freeport coal can be cleaned by the
UFC process to meet the 1.2 |b SO,/
million Btu target emission level with a
combined product weight yield of 64%
and a Bu recovery of 92%. Lower Free-
port coal test results were close to the
1.6 Ib SO, /million Btu target emission
level with a 70% combined product
weight yield and a Btu recovery of 90%.
The 2.2 Ib SO, /million Btu target emis-
sion level for Pittsburgh No. 8 coal was
not achieved by the UFC process. The
reported results were based on seven-
stage processing without test data on
the impact of the circulating loads.

NRC of Canada oil agglomeration
Agglomeration relies on the surface
property differences between coal, py-
rite, and ash for separation. When a
small amount of a liquid (fuel oil, halo-
genated solvents, Freon, CO,, etc.) is
added to a strongly agitated coal-water
mixture, the carbonaceous components
of the coal become wetted with this
liquid and collect as a cluster (i.e., ag-
glomerate). The agglomerated coal can
then be separated from the water and
unagglomerated particles {Ref. 5).
Scotia Liquiceal Limited is the

owner and operator
of a 3- to 5-tph pilot
plant at Dartmouth,
Mova Scotia, as sub-
licensee to the Ma-
tional Research
Council of Canada.
Testing of the candi-
date coal sample of
3/4-in. x 28-mesh
middlings and 28-
mesh x 0 raw coal
samples of the can-
| didate coals from
e _ EPRI's Coal Clean-
ing Test Facility was done here.

Only the Upper Freeport coal met the
highest target emission level of 2.2 Ib
S0,/million Btu. Several coal sizes
were investigated. Test results obtained
with 100-p particle size feeds were gen-
crally better than those with 50-u feeds.
The best test results were generally ob-
tained with low dosages of agglomerat-
ing oil. The process developer’s pilot
plant experience with other coals sug-
gests that the rates of oil addition re-
quired for continuous plant operation
are significantly lower than those used
on a laboratory scale for equivalent re-
sults, which is attributed to the seli-
nucleating nature of the flow-through
agglomeration process. END
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