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Section 1

"INTRODUCTION

Slagging of utility steam generator furnaces while firihg Eastefn.Bituminous
coals has been attributed to the pyritic iron in the coal ash. Investigatoré
have also learned that coals with similar pyritic levels fired in furnaces of
similar design do not always produce the same dégrée of slagging. Since |
separation of pyrite from other mineral matter does occur'iﬁ some coa1svand
since the physicochemical behavior upon heafing the pyrite and pyrite mixed

- with other mineral matter or coal may be'quite different, the degree of
furnace slagging may possibly be attr1buted to the size and orientation of

the pyrite in coal in addition to its concentrat1on level.

The objective of this program is to examine slags formed as a result of
firing coals with varying concentration levels, size distribution; and
orientation of pyrite with regard to mineral matter in the coal in a laboratory

furnace.

The program tasks are:
Task 1 -- Selection of eight candidate coals
Task 2 -- Chemical characterization of the coal samples and 1dent1f1-
cation of the pyrite size, distribution, and orientation with
respect to other mineral matter and concentration levels

Task 3 -- Testing of the candidate coals in a laboratory furnace

Task 4 -- Chemical and physical characterization of the slag and fly
ash samples created by the impurities in the coal sample



Task 5 -- Influence of coal beneficiation on furnace slagging

Task 6 -- Analysis of data and identification of parameters influencing
the contribution of pyrite to slagging problems

Work was to begin on characterizing the mineral content of the remaining two
coals of the original suite of eight coals to be tested. Combustion tests
were to be performed on each coal and the deposits generated were to be
anaTyzed: A third combustion test was to be performed on a coal blended with
pyrites to determine the impact of the weight percent of liberated pyrites on
slagging. Unfortunately, there was a cost overrun, primarily due to excessive
cost of fuel selection, at the beginning of the contract. The scope of work
described above represents that portion of the original scope not covered by
the original budget. Delays in approval of furding the uncompleted portion

of the original scope of work prevented further progress on the contract.

While awaiting approval of further funding, two coals were selected by FWDC
and purchased by DOE. The analysis of the two fuels; i.e., I11inois No. 5
Gallatin County, ITT1inois and Lower Kittaning Clarion County, Pennsylvania,

appear in Tables 1 and 2.

Examination of the morphology of furnace slag deposited in the 100 lb/hr
combustor, as well as industrial furnace, revealed reoccuring crystals of iron
of pyrite origin on the surface of the deposit, as shown in Figures 1 through
4, The cubic, octahedron and cubic/octahedron crystals are similar in size
and structure to pyrite crystals occasionally found in coal. Their origin as
pseudomorphs or crystals formed during combustion could give some insight as

to the method of transport to the surface. Therefore, there appears to be



some merit in characterizing the morphology of pyrites within the coal.
Samples of IT1linois No. 5 and Lower Kittaning coals were examined in the raw

and polished state using SEM and EDAX analysis.

Figures 5, 6, 7, 8 and 9 illustrate several types of mineral forms found in
ITTinois No. 5 and Lower Kittaning Clarion County, Pennsylvania coal. The
photomicrographs of the I11inois No. 5 coal illustrate small pyritic veinlets
and fracture filling perpendicular to the coal layers. Within the coal layers
are bands of mineral particles 4us and less in size. Each particle is a
discrete mineral specie; thus, silica, kaolinite, pyrites, etc. The fracture
filling perpendicular to the coal layers are frequently filled with pure
calcite. Pyrite lines either side of the calcite at the interface. This
pyrite is forced to the fracture surface during the coalification process.

No crystalline forms of pyrites were uncovered in the I1linois coal.

Although crystalline forms of pyrites are not generally found in high sulfur
coal, large bands of cubic/octahedron crystals were uncovered in the Lower
Kittaning Clarion County coal, illustrated in Figure 4. On at least one
occasion, this coal was responsible for iron enriched deposits on the con-
vection pass tubes. All coals are now being examined petrographically for

mineral forms.

Mineral analysis on all bulk and fractionated coal samples of the coal tested
to-date are being performed by Drs. Cecil and Dulong of the United States
Geological Survey in Reston, Virginia. Table 3 summarizes the results com-

pleted to-date.

Figure 10 is the revised milestone schedule and status report as of March 1984.
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FIGURE 1 Morphology of Various Types of Iron Crystals and Particles
Deposited on Slag Surface
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FIGURE 2 EDAX Scan of Various Types of Iron Crystals and
Particles Deposited on Slag Surface
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FIGURE 3 Assorted Pyrite Derived Crystals Formed in Gas Pores and on
the Slag Deposit Surface
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FIGURE 4 EDAX Scan of Assorted Pyrite Derived Crystals
Formed in Gas Pores and on the Slag Deposit Surface
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SEM Microphotographs of Various Forms of Pyrites, Quartz and Calcite in Illinois No. 5

FIGURE 5
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Raw Coal Polished Coal

FIGURE 8 Lower Kittaning Pennsylvania Coal Showing Cubic-Octahedron Crystals
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FIGURE 9 EDAX Scan of Pyrites in Lower Kittaning Coal
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TABLE 1 -

FUEL ANALYSIS - ILLINOIS NO. 5

FOSTER WHEELER DEVELOPMENT CORPORATION

SAMPLE DESCRIPTION:

CHARGE NO. 9-41-3210-R2790

DATE

4-18-84

FUEL ANALYSIS

Illinois No-35 Gallatin Co Illinois

LAB.REF.NO.. 840303

P PR P22 R 2220002220000 0000223202000 2203202220022 02

AIR DRY LOSS,X Nil

As Rec’d

PROXIMATE ANALYSIS
Fixed Carbon 41,37
Vol. Matter 30.31
Ash . 23,38~
Moisture 4,74

Total 100,090
ULTIMATE ANALYSIS
Carbon 58.22
Hydroagen 3.63
Oxygan 5.085
Nitragen 1.20
Sulfur 3.78
Ash 23.38
Moisture 4.74

Tatal 100.00
H.H.V.,BTU/1) 10,313
Suifate S 9.02
Pyritic S 1.94
Organic S 1.81

REMARKS:

43.43
32.03

24.54

100.00

100.00

10,824

9.03

16

REACTIVITY INDEX

EQUILIBRIUM MOISTURE,ZX

Deg. C

ACTIVATION ENERGY cal/g=-mol

HARDGROVE INDEX
FREE SWELLING INDEX
SPEC. GRAV.

VISCOSITY

ASH FUSION TEMPERATURE, Deg. F

Red. Oxid.
Initial Deform. 2030 2200
Soft.Temp.Sph. 2100 2300
Soft.Temp.Hen. 2130 2340
Fluid Temp. 2240 2459

T

ANALYST

APPROVED:



SAMPLE DESCRIPTION:

CHARGE NO. ?-41-32

TABLE 2

FUEL ANALYSIS - LOWER KITTANING

FOSTER WHEELER DEVELOPMENT CORPORATION

FUEL ANALYSIS

Characterization of Lower Kittawing Clarion Co Pa

190-R282

DATE 6-13-84 LAB.REF.NO. 8490348

REEEE KKK KK KR KRR KK I KK R KKK KKK KKK KKK KKK KKK KKK KKK KKKk

AIR DRY LOSS,x 3.246

PROXIMATE ANALYSIS
Fixed Carbon
Vol. Mattar
Ash
Moisture
Total
ULTIMATE ANALYSIS
Carhon
Hydrogen
Oxygen
Nitrogen
Sulfur
Ash
Moisture

Total

H.H.V.,BTU/1h

Sulfags €
Pyritic S
Organic S

REMARKS:
Dulong’'s=12999Btu/lh

EQUILIBRIUM MOISTURE,Z

Dry
----- REACTIVITY INDEX Deg. C
ACTIVATION ENERGY cal/g-mol
49.39
35.34
15.25 HARDGROVE INDEX S4.
100.00 FREE SWELLING INDEX
§9.09 SPEC. GRAV,
5.12
5.05 VISCOSITY
1.39
4.19
15.25
ASH FUSION TEMPERATURE, Deg. F
100.00 . Red. Oxid.
Initial Deform. 1902 2390
12,472 Soft.Temp.Sph. 1957 2598
| Soft.Tzmp.Hen. 1997 2sz2
9.31 Fluid Temp. 2125 PS4aA
2.6
1.13

3 | R '
NALTET

. APFROVED: GABMEL P LANTOS
7
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TABLE 3 MINERAL AHALYSIS DATA GENERATED BY U.S. GEOLOGICAL SURVEY FROM LOW TEMPERATURE ASH

COAL KENTUCKY NO. 11 ILLINO:S NO. 6 KENTUCKY NO. 9 UPPER FREEPORT
Bulk Quartz 33 Quartz Pyrite 31 Quartz 36
Pyrite 31 Kaolinite Quartz 2i Kaolinite 21
IMlite 17 Pyrite Kaolinite 1€ Pyrite 18
Kaolinize 10 IMite INlite 10 Ilite 15
Calcite 5 Feldspar Calcite 1¢ Calcite 8
Siderite 1 Feldspar A Siderite 1
Feldspar 3 Heulandite- < Feldspar 1
Clinoptilolite
Float 1.30 Quartz i3 Quartz 25 Pyrite 48 Pyrite 27
Pyrite 27 Calcite 23 Calcite 4« Quartz 22
Kaolinize 18 Kaolinite 21 Marcasite 3 Kaolinite 20
Ilite 14 Pyrite 19 Quartz b Ilite 16
Calcite 4 INite 9 Kaolinite 2 Siderite 7
Feldspa- 3 Marcasita 2 ‘ Calcite 5
Siderite 1 Feldspar 1 Feldspar
Float 1.80 Kaolini:e 38 Quartz 38 Quartz 2e Pyrite 34
Quartz 28 Kaoliniz2 24 Pyrite 2 Kaolinite 30
Mlite 17 Itite 19 Heulandite- 2t Quartz 21
Pyrite 16 Pyrite 15 Clinoptilolite Nlite 14
Feldspa- 1 Feldspar 2 Kaolinite " Siderite 1
Apatite 1 Apatite ° Calcite <1
Calcite 5 " Feldspar <1
I1lite 3
Float 2.85 Quartz 30 Quartz 3) Quartz 40
Pyrite 21 Pyrite 23 Pyrite 20
Being Calcite 21 Heulandite- 23 Nlite 17
Analyzed KaoTinite 14 Clinoptilolite Kaolinite 14
Mite Kaolinite Calcite 5
Feldspar Apatite 3 Feldspar 2
Apatite Mite 5 Siderite
Calcite 3
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