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ABBTRACT

A series of chenmical extractions were used to determin

i

o

Aistribaktinn of ferrous iron among the organic hydrocarbons,

non=-pyritic inorganic mineral constituents and pyra

o
fraction of twenty coals from New Mexico, Nova Scotia, and
western Kentucky. Distribution coefficients for iron among the
cited fractions were calculated. Distribuabioa cnefficients
and iron concentrations within specified coal fractions
were compared to percent fixed carbon (dmmf) in order to
determine correlations wihnich would indicate rank Jdependency.
These valuas were also compared to percent mineral matter.
Relationships were obssrved between percent mineral
matter and (1) distribution coefficients, (2) the organic iron
concentration within the hydrocarbon fraction, (3) the carbonate
iron concentration within the non-pyritic inorganic coal
fraction, and (4) the pyrite fraction. The correlations ranged
from mild to strong. No significant relationship was €ound
hetween distribution coefficients or iron concentrations aand
fixed carbon content {(dmmf). This occurrence was thought ©o
reflect the narrow range of the carbon content of the samples
studied, the lack of separation of constituents in analyses, or
the non-equilibrium state of the iron distribution in the coal
spacimens.

Distribution cosfficieats were calculated from sample data
published by the Illinois State Geological Survey (Gluskoter, et
al., 1980). The values were plotted againsi percant fixed carbon

(dmmE) and percent mineral matter. No relationship was found
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between fixed {(dmmf) carbon and the distribution coefficients.

mild relationship appeared batween percent mineral matter and th

distribution coefficients,
It was concluded that there appzars to be a mild

relationship between distribution coefficients and percent

b}

mineral matter but that there is no dependency of distribution

coefficients upon rank.

A
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STATEMENT OF PROBLEM

This investigation measured the distribution of iron among
selected geochemical phases in twenty coals from New Mexico (17),
Nova Scotia (2), and western Kentucky (1), in order to see if
there is a regular distribution of iron among the organic hydro-
carbhons, non-pyritic inorganic mineral constituents, and
pyrite fraction. Iron was Sevarated from the following geochemi-
cal phases: {1} exchangeable, (2} carbonate, (3) iron
oxide, (4) hydrocarhon, and (5) pyvrite. Percent pyrite
was determined from the extracted pyritic iron, Measuremsnt of
haze iron contents permitted calculation of distribution
coefficients which were then compared to fixed carboan (dmmf) and

nercent mineral matter in order to seek correlative

[

alationships. Such relationships would suggest a tendency

towards a physico-chemical egquilibrium following the initial
ooalification. If this were the oase, distribution coefficients
might be useful to guantify pressure, temperature and time param-
eters during coalification. Environmentally, this study separated
and mezasured the amount of iron which is: (1) readily soluble
(exchangeable); ( 2) released during hydrocarbon oxidation
(organically boundl: and (3) locked within c¢rystal lattices of

(a) oxides, (b) carbonates, or (c) pyrite. Sa2lected iron concen-
trations ware plotted againsit percent mineral matter and fixed car-

hon (dmmf) and the plots examined f£or correlative relationships.



Iron is an abundant lithospheric element, ranking fourth in
mass abundance behind oxvgen, silicon , and aluminum. Iron
occurs within coal as: (1) primary allogenic minerals deposited

in tha coal swamp; (2) syngenetic inorganic mineral specie

[e3]

precipitated from or deposited by an adqueous medium Jdaring
pesbifiocation or earlier; (3) epigensetic mineral species eithar
Aiagenatically derived or deposited by ascending or descending
solutions in cracks and fissures formed during solidification of
the coal gel: and {4) metallon-organic complexes, considered to be
most prevalent in low-rank coals (Spirro and Kosky 1982; Stach,
1980; Zobovic et al.,;1%951, and Fowkes, 19278).

Although syngenetic iron-bearing mineral matter can form
partings within the coal, it is generally considered to be more
evenly distributed, finer and more difficult to separate from
organic material than is the epigenetic matter. The term
"mineral matter" refers only to inorganic matter which does not
include any metallo-~organic complexes. Because of this
limitation, coal ash has two components: (1) adventitious ash due

to allochthonous mineral mabiter: and

Ry

2y inherent ash due to
inorganic material formed from original plant material after the
death of the plant. High temperature ash content is not
equivalent to mineral matter content because the original
minerals are altered due to oxidation and volatization during

combizstion,



The following major mineral groups make up the mineral
matter in coal: clays, sulfides and sulfatass, carbonates,

oxides, silicates, phosphates and accessorvy mineral
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1977 MacRowsky, 19683: Stach et al., 1232;
Ergun, 1979;: and 0'Gorman and Walker, 1972). Gluskoter =t
al., (1977} state that the majority of coal minerals are in
ona of four groups: clavs, carbonates, sulfides and guartez.
Pyrite (FeS,, cubic) is the dominant sulfide althouvh its
dimorph marcasite (Fed,, orthorhombic) can occur (Ruhn et
al., 1980;: Gluskoter =t al., 1977). In Gluskoter's opinion,

13

iron sulfate present in coal is most likely the result of

pyrite oxidation which, he concludes, can o0Cur at room
temperature, Although siderite (FeC0,) has been reported in
._) EN

mineralogical studies of coal, ankerite (2CaC0,MgCO4FeCO,)

is the most frequently reported iron carbonate. Montana, (1980),
measured the distribution of iron-bearing minzrals in <oal using
Mossbauer spectroscopy, finding (in order of abundance) pvrite,
marcasite, clavs {(illite), sulfates, carbonetes, and others (less
than §6.1%).

BEventhough iron is considered to have an inorganic affinity,

o

(Gluskoter, 1980), iron must also be associated with the hvydro-
carbon fraction of coal. This resulits from the inclusion of
trace amounts of iron within the hiosphere due to the involvement
of iron in such physiological processes as electron transport
during chlorophyll production, oxvgen transgport or raspiration,
and fermentation., Iron is considered to be a highly wversatile

¢ agent because of i1ts two valence stateg (Fel2+ and

it

biocatalyti
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Fe3d+) and the wids range of oxidation-reduction potentials of
various iron-containing compounds during ferrous-ferric transitions
{Lundgren and Dean, 1980). Figure 1 {(p. 213, ibid.) shows the
movement of iron through the biosphere and its availability to
bioforms. The following points suanarize Lundgren's and Dean's
discussion of this cycle.

1. Organic iron requirements are supplied from inorganic

on reservolirs.

2. Constant iron movement oocurs from terrestrial reservoir
to hydrosphere sink where it is available for use by
Organisms.

3. Oceans contain only about 3 ug Fe/l (fresh bodies of water
3lightly more). This limited amount and the large iron
reservoirs indicate that ivon begins to precipitatese and
settle upon entering the hydrosphere. Its form depends
upon environmental conditions.

4. Organic complaxas nay be more energetically stable than
non-organic hydrated species.

5. Both hydrated iron species and metallo-organic complexes
may be absorbed or adsorbed by clayvs or huanus depending
upon complex environmental considerations.

fobovic, Stadnichenko, and Sheffey (1961), correlated
organic affinity with properties most likely to affect formation
and stability of metallo-organic complexes. These properties are
size and charge of ion, bond configuration and coordination
number, tendency to fora covalent instead of ionic bonds and

degree to which tha metal combines with the nitrogen rather than
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with the oxygen or sulfur of the donor wmolecule. Selected
bivalent metallo-organic compleges of iron were shown to be less
stable than metallo-organic complexes of cobalt, nickel or copper
due to the size to charge ratio of the bivalent iron ion. Small
size and high charge increase the likelihond of forming a stable
complex.

Brager (1958) summarizas (in Bouska, 1981) data on the
geochemical effects of organisms on trace element accumulation.
This summary shows that iron c¢an accumulate biogenetically due to
life pronesses of organisms as well as chemically after the
organism's death as inorganic sulfides by means of complex
physico~-chemical processes.

Bouska further reports that Czech researchers, Kudelasak
(1959) and Suasta et al. (1955), studied trace element accumu-
lation in coal. Germane to iron accumulation is tha2 conclusion
stating the dependence of elemental species in coal on the coal
facies i.e. maceral content, and the pH-Eh environment during

eat formation and sarly coalification. <Cited is the fact that
changes in Eh affect both the origin of the coal maceral and the
accumulation or dispersion of trace elements by either increasing
the element's so0lubility (dispersion and perhaps loss from the
svstem) or decreasing its solubility (accumulation by
tion). These Eh controlled oxidation-reduction processes ara
influenced in turn by pH values and ionic activities of th=
species involved. Figure 2 shows generally accepted pH-Eh bound-
aries, inorganic iron gp=cies distribotion, and optimum pH~Eh

1

conditions for siderophillic organisms (Lundgren and Dean, 1979).
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Figure 2: Eh/ph iron stability diagram, Natura! domains of
the main groups of the iron bacteria are shown.
(Source: Lundgren and Dean, 1980)
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Zubovic et al. (1961) discussed

with organic material and concluded €

the elemental assgociations

he following.

1. Elements are partitioned bstween corganic and inorgania

phases during peatification (
2. Peat bogs atford savironments
(H23) forms due to bacterial

LS the stable oxidation stata

[N

2) in this environment.

Relationships exist between t

2
“

gel peariod).
wherein hydrogen sulfide
activity. The sulfide ion
for sulfur (refer to Figure

he gstability of some of the

organic complexes and possible inorganic phases. For

example, general stability of
bivalent metals is Be 2+ > Cu
Fe 24 however, in an exhkrenme
fides are not stable leading

organic complexes. As neutra

organic comp
2+ > MNi 2+ > Co 24+ > Zn 2+
ly acid environmant, suf-

to preferential formation of

lity is reached, saifides

will beagin to precipitats since this form is now favored,

4. Such relationships as described under item (3) can be

altered by the organic/metalli

o lon ratio. A high

ratio favors metallo-~organic complexing and a low ratio

formation of an inorganic pha

Parameters goveraning iron sulfid

Be.

2 formation are complex. A

simplifie=d summary of the steps involved follows: {1} hydrogen

sulfide forms due to bacterial reduct

tion 0f sulfur-containing organic com

ion of sulfate or decomposi-

pounds; (2) hydrogen sulfide

reacts with iron to form Fe5 (mackinawitse) or Fe 54 {greigite)

which are amorphous at precipitation;

3
{3} added hydrogen sulfids



productionn and the oresance of sulfur oxidizing bacteria leads to
alemental sulfur produciion which makes possible the precipita-
tion of pyrite (Berner, 1970).

Theis and Singer {(1975) state that metallo-organic compounds
can form after the death of a plant in the presencs of oxvgen 1if

significant ocoacentrations of organic matter are present.

Ordinarily at piH {approximately) 7 iron is oxidized to ferric

f g &

iron which precipitates as insoluble ilvon hydroxide (Fe (OH)3).

4
H

Carbon is a reducing ageni. ITis presence may result in the forma-

o)

tion of Fe 2+, When a large amount of organic matter is present;
metal complexing may comp=ate with the oxygenation. The rate of iron
metallo=-corganic formation depends on the pH of the envivoament as
well as oa the type of organic matter present. Leaves contain
the most iron, woody material the least. Humic acid prasent can
either help fix th2 metallo-organic molecules within a soil or
promote iron dissolution (Aristovskayva and Zavarzin, 1971).

Fowkes, (1978), Stach, (1980), and Zobovig, (1961l), while
examining mineral content of coal macerals found older and more
highly metamorphosed coals to contain less organically bound
inorganis alementcs than the less metamorphosed coals (lignites)
and believe that this reflescts a decrease in coordination and

i

[
5

azt ionic bonding sites as well as dscreased coal permeability
]

which forces water along <lsats where mineralization occurs

rather than throughout ithe coal matrix.
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Senesi =2t al, (in Bouska, 1980), studied thes oxidation state

-

and position of iron bound to humic and fulvic acid using elec-

tron spin resonance and Mosshauer spectroscopy and found iron to

be trivalent (Fe3+). They concluded that if Fferric iron is bound

by tetrahedral and octahedral coordination, it 1s resistant to

complexing and reduction. On the other hand if the fearric iron

is only adsorbad, it is easily complexed and reduoced (Felt).
Researchars oconclude that iron concentration depends upon the

plant community and type of plant part preserved as wa2ll as on

the depositional environment.

BEXPERIMENTAL

Introduction

The premise bahind any seguential extraction pvocess 1is
that it is possible to dissolve one species (inorganic or
organic) without affecting othars if a reagent can be found
which is specific for that warticular species. Geochemists have
developed an array of such procadares in answering diverse
chemical guestions involving sediments in all typss of

anvironments. Kaplan, Emery and Rittenberg (1963); Chester and
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Hughes (1967); Chester and Messiha-Hanna (1970); Andesraon and
Jenna {(1970); Smith and Bates (1974); Zobovic (1966); Zobovic,
Stadnichenko, and Sheffey (1960, 1961); Presley, Kaloday,
Nissenbaum and Xaplan (1972); Gibbs (1977): Casagrande, Siefert,
Berschinski, and sSutton (1977); Casagrande and ZBrchull (1976):
Gupta and Chen (1975); Tessier, Campbell and Bisson (1979); and
others have reporied studies based upon some type of sequential

extraction. Casagrande's studies involved the gaguential

]

gtraction of iroa {and other elements) fvom major hydrocarbon
fractions as well as total metal for various levels within peat
of the Okephenokee Swamp, Georgia. Presley =2t al. (1972 )
determined elenental speciation (including iron) within a
sulfide~rich reducing environment (Saanioh Inlst, British
Columbia). Because thesa studies (and others) have successfully
used seguential extractions for speciation between geochemical

phases in reducing savironments high

ot
=)

organic content,
extension of thesae methods to coal does not seem unreasonable.
The procedure selected for this study i3 based upon one
used by Tessier, Zampball and Bisson (1979) which in turn was
adapted from a procedure reported by Gupta and Chen (1975). The
inorganic geochemical phases i.e. exchangeabls clay, carbonate,
iron-oxide, and pyritic which are extracted all parallel Jdominant
inorganic mineral species found in onal. As will be seen in
the succeeding section, organic iron is not determined using
floated fractions or demineralized coal as done by other workers
(Gluskoter =2t al. 1977) but is evaluated by oxidizing the whole

onal sample.,

&



15

Sample Distribution and Description

e

rPertinent information regarding the coals studied i.e.,
sample designation, location (county, towaship and range, 1f
known) , type of sample, age and geologic formationn, i1f known, are
given in the table of Appendix 1. Raton Basin samples (16727-6
and 16815-1) and the west Kentucky, Mulford ooal (16815-2) are
composite samples. The coals range in fixged carbon values

from 37.9 to 58.78%; in ash values from 2.5 to 23.1%; in

moisture from 0.19 to 13.9%;: and in sulfuar from 0.36 to 3.52%.

As received proximate analyses and fixed carbon (dmmf) values

arae listed in Appendix 2A,

Sample Preparation

All samples were sealed at the ¢oliaction site in heavy
polvethylene bags to minimize oxidation. Individual samples were
crushad until all material would pass a 20 mesh sieve. Thz sampla
was then reduced to approximately 10 grams by coning and quartsr-
ing. Rach 10 gram saaple was further pulverized for 3 wminubas
under ligquid nitrogen {boiling point - 195.8 C) in a cryogenic
grinder (Spex Freeger Mill} making sure that adeguate 3pace was
left in the polycarbonate tube to insure complete pulverization
by the steel grinding vod, Samples were pre-~cooled in ligquid
nitrogen to guarantee that they were at amblent grinder

temperature during the goinding episode. The ground sample was



-

ut into a 40 nmm. plastic pill bottle, labled, ssaled
i

T+
A

and placed in a desiccator to awalt treatment,
Sample nunbers =7, DT519772, DT515771, 18727-6, 16727-2,

NM-TM, C 86 D, K 1-5, K 2=5, C 87 D, € B2 D, and C 88 D were
ground {(inside a plastic bag) using an agates mortar and pestle
until all material passed a 325 mesh siave. Samples were

dried under wvacuum at ambient room temperature to constant
weight prior to beginning the seguential procedure.
Procedure

X-ray diffraction of the whole coal was dons on a
diffractometer using Cuk radiation (1.542 A}. Thea EV
and @V sebibings ware 40 and 20 respectively. BEntrance slits
were l.0mm; exit slits 0.3mm. Prepared samples were packed
into metal frames and x-rayed. Bettings used in the study are
listad in Appendix 3.

Figure 3 illustrates the genaral sequential extraction
procedure used for this study. Additional detalils are given
in Appendix 4A and Appendix 4B. Time and reagent parameters
were checked by subjecting NBS Standard Reference Material 1635
(Trace Elements in Coal}), to the seguential partitioning
process under varying exparimental ¢onditions and evaluating

1,

the amount of iron extrvachted.
Any treatment not reqguiring heat was carried out in a
centrifuge tube fitted with a plastic cap. Supernatant solution

and solid material were separated by centrifuging (Sorvall RC-5B
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Rafrigerated Superspesed Centrifuge) at 12000 rpm (revolutions par

i

minute) for 20 minutes. The solution was decanted through Whatman
number 5 filter vaper. Particulate matter caaghnib ia the filter
paper was rinsad back into the centrifuge tubes using 10 ml
deionized water which garvad as rinse water., This mixture was
centrifuged and decantad as described above and the rinse watar
discarded. Particulahe matter remain- ing on the filter paper
after decantation was washed into the aporopriate tube using a

=3

measured amouni. of ths next extracting solution., Each
supernatant solution was stored in a 40 mm. amber pill bottle
fitted with a snap cap. Iron was determined with the Varian
Tacitron, model 1250, using standard atomic absorption meihods,

)

Tha bucner was positioned 7 om above the light path. A strongly
oxidizing air-acetylene flame was used., The slit opening was
0.2mm, Absorption was determined at 2483 angstroms. The
settings used were those suggestad by the manufacturer,
Appropriate solations were usad for #eroing the instrument before
determining absorption. Standard curves were drawn afier each
run. If the curves were non-linear, new standards were prepaxed
(using appropriate reagents) and iron absorption redesterained.
Spenial blanks were run for procedures 4, 5, and 6. Agitation
was produced by a Burrell wrist-action shaker. <Cha2micals used in

the ex

e

arimsnt were reagent grade. Solutions were made with
deionizzd water from ressarch Model 1 TonXchanger (I1linois Water
Treatment Company). Glassware was rinsed twice in 19% hydro-

chloric acid before bheing rinsed with deionizad water.



Precision and Accuracy

Accuracy of the amount of iron extracted was svalaaiad by
sequentially extracting iron from two series of triplicate

arence Material 1635 (Trace Elements

a3

samples of WBS Standard Re
in Coal) which has a certified total iron value of .239+-.005
weight percent. The msan total iron extracted from the five
geochemical phases for the first sariazs was 2618 (+-9%) welght
percent and for the second triplicate, .2272 (+-9%) weight

percent. The first value is within 9% of the certified tokal
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similar to those reported for a seguential extraction stuly hy
Tessier ot al. (1979}, who compar=d sumned fractional wmetal conlznh
to total metal.

Precision varied for individual phases. BStandard devia-
tions are listed in Appendix 6A. Standard deviations for
axchangeable, cachonate, and iron oxide gsochemical phases range
from 0.2 to 21 percent with an average value of 5.4 percent. The
mean atandard deviation was greatest (21%) for the organic fraction.
This value reflects rapid oxidavioan of some samples which may
have caused loss of material,; as well as, occasional £ormation of
refractory carbon which may have tarminated iron release.
Presley, Kolodny, MNissanbaum and Kaplan, 1972, reported "minor"
problems with aydrogen peroxide oxidation of organic rich black
shales but did aot elaborate. Mean standard deviation for the

pyritic fraction is 10 percent.
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The detection limit for the Varian Techtron, model 1250,
is 2 ug/l or 2 parts per million. The lowssh lavel of iron

detected was 11 parts p2r million which is well above the cited
limit.
Obvinngly, th= raproducibility of results for the seguential

extraction of iron (or any other element) from coal has nont been

a3

oroughly tested due to time considerations, for many repeti-
tions are necessary to dafine the extent of reproducibility as
well as refine experimental pavamsiars; however, the work on NBS

Standard Reference Material 1535 {Trace Elements in Coal) scems

Wd

to indicate that the result can be reproduced to within 10 pesraani
{summed total iron).

Particle size and temperature mayvy iafluasnce accuracy and
precision, The less than 325 mesh pariticls size accompanied
by low coal density {(approzimately 1.2) makes separation of
supernatani solution difficult withouik loss of material. It
is possiblae that a larger particle size would reduce this
problem, Howaver, the particle size should not be greater
than 80 mesh. Agemian and Chau (1975) c=porit that Oliver
(1973) showed size affects extractability of metal and that
Hawkes and Webb (L962) determined that the nesgh size must be less
than 80 mesh for extractions to be effective. These rasearchers
recomas:;ul that material be ground to pass a 200 mesh screen for
total metallic recovery. The smaller particle siza would be more
easily oxidized daring the oxidation of the hydrocarbon fraction.
The cause of refractory carbon formation during oxidation is not

known. It may possibly form as a result of rapid oxidation which

ands in flame production or an over-heating of the 30% hydrodgen
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peroxide due to unequal heat distribution on the hot plate.

Results

Only one mineral was positively identified by x-ray diffrac-
tion of whole coal samples. This mineral is quartz. Clay peaks
appear (e. g. kaolinite, montmorillinite and smectite) which
indicate the presence of clay mixtures which differ in kind and
amount among the various coals. Pyrite, iron oxide, and carbo-
nate species cannot be identified from the X-ray diffraction
charts. However,this is consistent with the small weight percent
of iron recovered compared to the weight percent of ash. Peak
interference and hyvdrocarbon dilution may contribute to identifi-
cation difficulties.

Raw data for each geochemical phase, along with appropriate
standard curve values are presented in the table of Appendix 5:
Parts A through F. Concentration in parts per million for each

sample was calculated using the following relationship:

sample volume x sample absorption x standard concentration

TL O T oo o s om o m o o o o o e
{ppm) standard absorption x sample weight in grams

Appendix 6A, lists mean iron concentration and standard

deviation for each triplicate sample for the five geochemical
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phases. Concenihrations are given in parts per miilion. To
facilitats discussion, Appendix 63 lists the iron concentrations
for each geochemical phase as a percent of the total ilron

content. TFigures 4 through 8 are histoygrams

s‘D
el
et
a’.)

senting these

percentages. Table 1L identifies the samples as represented on

Brohang=2able iron, considered to be any extracted iron
ions coming from exchange sites on clays o¢ bz dae Lo carbon

adsorpiion, was Adstected in the exchangeable leachate of

five samples i.e. samples 163815-2, C 35 », ¥ 1-5, C 84 DD,
and C 82 DW. With the exception of sample 16815~ {(Mulford

coal composite from west Kentucky), which contained 31%, no
more than 6 % of the total iron recovered appeacs Lo b
exchangeable Ilron,

Between 0.1 to 3% of the total iron content was d2kected

in the carbonate fraction of seven samples (DT5199772, 16727-6,
NM-TM, 16815-2, LA315-1, C 86 D and C 87 Dj.

All samples containad measurable amounts of iron bound

to the iron oxide component. Content ranga is from 2

‘\J

to 22% with a wmean of 9.5 percent. The mean value for iron
associated with the organic hvdrocarbon fraction is 5.5% (range
from 2 to 12%) of the detected iron. Iron walues f£or the pyritic
fraction range Ffrom 54 ©to 25%, having a mean of 832

percent. Weight percent pyvrite (whole coal basis)

calculated from the experimental pyriitic ivoa values are

Limes greater than the mean pyrite content

fus

o o

62

tad
1=t

determined using forms of sulfur data reported by Pillmore



Table 1: Sample Identification List for Histograms 4 through 2°

Histogram Number Sample Identification
1 DT519772
2 DY519771
3 16727-6
4 18727=-2
5 MM - T
6 16727-1
7 DT419771
3 16727-5
9 16815~2
10 16815~1
11 o= 7

12 16727-3
13 418771R
14 C 86 D
15 K1-25
15 R 2 -5
17 87 D
i8 C 84 DD
1.9 C 82 pwW
20 C BB D

%  The sample number corresponding to the column showing the

magnitude of the measurement is at the right-hand edge of the

column in figures 4 teo 9, inclusive.
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Percent total iron recovered from the carbonate
geochemical phase.

Figure 5.
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(p.245, 1976) f£for 10 Raton coals. Pillmore does not include a
discussion of possible mineral species present in the coals. The
difference in pyrite content may (1) reflect a variance within
York Canyon coal or (2) suggest that iron identified as pyritic
iron is being recovered from some other geochemical phase.
If statement (2) were true, a possible candidate would be the
clay fraction within the coal., The pyritic iron content of NBS
Standard Reference Material 1635 was determined using the
standard ASTM method. Extraction was done in triplicate. The
concentration of pyritic iron determined by this method was 1798
ppm. This value is 22 percent greater than the lower value of
1479 ppm and 15 percent less than the larger value of 2118 ppm
determined for this coal during the sequential extraction
process. This fact appears to help substantiate the pyritic iron
values. X-ray examination of material remaining after the
oxidation of hydrocarbon material was not done due to the small
amount of material remaining after oxidation,

Total iron content in parts per million is shown in Figure 9
(see Table 1 for sample identification) and listed in Appendix
6A. This figure shows Mulford, western Kentucky coal (16815-2),
to have the highest iron content (13,551 parts per million) and
New Mexican Navajo coal, sample 16727-5, the lowest (1294 parts
per million). The mean iron content for the Raton samples
(samples 16727-6, C 86 D, C 87 D, and C 88 D) is 0.53%
(whole-coal weight percent) which compares to reported iron
values for this coal. Pillmore (1976) cites an expected iron
value of 0.49% for York Canyon, Raton Coal but reports a range of
0.34-0.81% (whole~coal basis). This cited range appears to be

different than the amount of pyrite iron calculated from the forms
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of sulfur data mentioned previously.

The iron congentration of each genchenlical fraction within
its phase was calnulated. Organic iron occurs within the
nydrocarbhon phases. This phase includes the volatile matter and
the fixed carbon content., Organic iron concentraition within its
phase is agual o the weight percent of organic iron divided by
the sum of the weight percents of the volatils matier and fixged
carboi. ®Bxohangeable iron, carbonate iron and oxide iron occour
within the non-pyrite inorganic fraction »Ff the <oal.

=

Concentration of iron within this fraction was caloulated by

dividing the appropriate weight percent iron by welg

LL:

ht vercent

d

mineral matter minus weight percent pyrite. Thaese calculated
concentraciong, total iron content, percent pyrite, and
calculated distribution coefficients were plotited against percent
mineral matter and percent fixed carbon (dmmf) using SPS5
(8tatistical Package for the Social Sciences, Wie =2t al., 1975).
The SPSS program prepares correlation plots of selacted data,
evaluates Jdegraa of linear correlation, computes correlation
coefficient (R), variance (R sgquared), significance, and error
estinmate for a line of slope (b) and y intercept (a). R and RZ
values measure the streangth of linear relationship. P35 plc
and statistical summaries are in Appendix 19, Selected plots are
reproduced in figures 10 to 21.

A mild positive dependence (R = 0.56247; R2 =0.31637;
significance = 0.00359) occurs between pyrite and percent mineral
matter (Appendix 10). This correlation improves whan western

Rentucky Malford coal is excluded. This coal has high iron and

sulfar oontents but 1s low in ash (5.56%) making its
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concentration anomalously high compared ko the obher <oals.
If Wew Mazican ooals are considered as a group, the positive

correlation becomes more significant (R = §.80; R2 = 0.64;
significance = 0.00003). This same trend is apparent when
considering total iron (Appendix 11). The weak positive

relationship (R = 0.43195; R2 = 0.18659; significance = 0,023859

L

strengthens (R = 0.81288; R2 = 0.,556077; significance = 0.00004}
whan the New Mexican coals are grouped,

Figure 10 shows a mild correlation between the concentration
of organic iron within its phase and mineral matter (R = 0.68387;
R2 = 0.46768; significance = 0.00044). This relationship does
not change significantly when New Mexican coals are grouped.

No relationship {Figur=s 11) seems to exist betwesn percent
mineral matter and the concentration of oxide iron within the

=
3

non-pyrite inorganic coal fraction.

Figure 12 shows a strong negative corcvelation (R = ~0.91826;
R2 = 0,84321) bhetween the concentration of carbonate iron
within its phase and perceai mineral matter., However, dus to the
small number of points, the correlation aay not be statistically
significant.

Thae oocralation plot (Figure 13) for exchangeable iron
within the non=-pvrite inorganic phase i3 incladed for
completenass. Mo trend is shown. The exchangeable iron
connentration of western Kentucky Mulford coal is about one
hundred times greater than New Mexican coals.

The relationship between total iron and mineral matter is
not unexpected due to the availability of iron. The mild

correlation of pyvritic iron and lack of corcelation of oxide iron

|4
&L
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concentration to percent mineral matter potentially supports the
scavenging ability of iron and its preference for sulfur daring

cation. Although tne wstailistical sampling is sparse,

G
(8
)
-‘..l
-
ih
i

the correlation bstween organic iron and percent mineral matter

mnay suggest that ths oresence of increased amounts of mineral

v
]

©

matiay heightens the possibility of either 1) inclusion of minnte

T
s
¥

i-.J

syngenetic opart

[

Pl

3 within the hydrocarbon material whish are

-1-| .
i

impossible o isnlate but are easily solubilized dus to size or

2} additional metallic-organic molecule formation. An increase
in such molecular formation could indicate specific Eh/pH

conditions or a Jdecre2ased organic/metallic ratio conducive to
such moleaoalar formation.
The distribution coefficient, (K), describzs the Jdistribution

of iron between the non-nyritic inorganic and hydrocarbon fractions

of coal. This coefficient was ¢alculated as follows:
[Fel]
(P22}

03
o
-
o
~
e
o
=
<
i
S
(']

where the con iron within the non-pyritic lunocganic

phase, Fel is:

Fel = {(non-pyritic inorganic ironj

{mineral matbar = pyrite)

and the iron coacentration within the ovganic hydrocarbon

e =  welght percent pyritic iron x 1.875
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joete

The value 1.875 is

U’)

i"‘!

a gravimetric

8

Factor egual to the
gravimetric welght of pyrite (120), divided by the gravimetric
welght of iron (56). Fel was considered to be egual to the
concentration of oxide iron within the non-pvrits ianorganic
mineral matter.

In order to calculate the distribution coefficient, the as-
received proximate analyses were normalized to winsral matter
content by the following relationship: moisture + mineral

matter 4+ volatile matter + fixed carbon = 100%. These wvalues are

o

listed is Appendix 2B. Specific values used in calculating

d

e

stribution coefficients are listed in Appendix 7.
Figure 14 shows a slight negative relationship between

distribution coefficient values, defined above as X, and percent

nineral matter content (R = -0.58075%;: R2 = 0.33728;:
significance = 0.00303). This relationship reflects

the correlationsg already mentioned i.2. the changes in
concentration of oxide ilron and organic iron within their
ragpective phases with percent mineral matter. The negative
trend reflects the increase in organic iron with increased
mineral matter,

Figures 15 through 19 show that, with the possible exception
cf the oxide iron concentration (Fig. 17), which shows
a mild positive relationship (R = 0.47928; R2 = 0,22972;

Bignificance = $.01625), no relationship is recognized between

R

fizxed (dmmf) carbon content and the iron concentration of any

geochemical phase ov distribution coefficient.
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Appendixz 2A lists moisture and minsral ma

lu)

tay f£ree heating
values {(BTU/1b). Using these values, the <oals usad ian this
study rangs in rank from subbituminous C to high volatile A
bituminous coal. Had coals having a wider range of fixed carbon
been included in the study, a definitive relationship way have
heen observed bsiwesa organic iron content, distribation
coefficients and fixed carbon (dmwf) values. As previously
mentioned, some researchers support the idea of the potantial for
higher levels of metallo-organic complex formation in low rank
coals. The highar level is thought to reflect a larger number of
available metallic-organic bonding sites and greater permeability
in lower rank coals. The number o7 boading sites and
permeability are ght to decrease as the rank increases. The
decreasa in bonding sites with its acoompanying decrease in
metallo—-organically bound iron would be reflecied as a decrease
in the concentration of organic iron within its phase. A
decrease in this wvalus would cause the distribotion coefficient K
to ingreass= 4ihh cank if there were no corresponding decrease in
the non-pyritic iron concentration. The fact that the
non-pyritic inorganice iron concentration value was the only value
to show any measurabls relationship to the fixed carbon content
(Admm#F) supports the hypothesis that the distribution coefficient
should increase with rank, i.=., show 2 positive trend.
Distribution coafficients were calculated from sample data
published by the Illinois State Geological Survey (Gluskoter,
H.J., Ruch, R.R., Miller, W.G., Cahill, R.A., Dreher, G.G., and
Kuhn, J.K., 1977). This was done to evaluate correlative results

hasad on distribution coefficients calculated from iron valuss



-

obtained by methods different than those used in the present study.
Tables 2 through 5 list the pertinent data. These tables were

taken diresctly from: Trace Elements in Coal: Occurrence and
Distribution (Gluskoter et al, 19280). Onlv data for the selacted
samples are reproduced. Values used for calculating the

distribution coefficients are given in Appendix 8, parts A,B, and

A

fah ] 2 X

Z. As previously noted distribution co

D
]
-’“n
i

client, ¥, i
congidered to be egual to the concentration of non-pyrite
inorganic lron within its phase (mineral matter-pyrite contant)
divided by the concentration of organic iron with its phase
{hydrocarbon). The forms of sulfur data were used to caleculate
waight percent pyritic iron, This pyritic iron value was

found o be larger than the total iron for f£five samples (CLES560,
18841, C18857, Cl4684, and C15992 - 31l are Ffrom Illinois

In order to calculate the distribution coefficients for these
five samples, an average of the total iron wvaluss for the other
samples was found, This wvalue was used to calculate non-pyritic
inorganic iron valueszs. Organic iron equals the iron content of

the demineralized coal. WNon-pvritic inorganic iron is egual to

the total iron content minus organic and pyritic iron contents.

Figures 20 and 21 show the distribution coefficients of the se-
lected samples plotted against percent mineral matter and percent
fixed carbon (dmmf}. Thers appears to be a verv wmild positive
relationship (R = 0.41880; R2Z = 0.17539) between the distribution
and mineral matter. The observed relationship reflects that

1,

aithers (1) free iron was not completely taken up by "sulfide ion”
to form pyvrite; (2) organic iron content decreassed; or (3) a
zombination of one and two. The mild trends exhihited by these

data and that of the vresent study make drawing a conclusion



Table 2: Whole Coal Identification of Gluskoher Selections
Sample Coal Seam State

Cle543 Herrin (No. &) Tllinois
CL7GOL* Davis Illinois
C13304 De Koven Illinois
C13560% Herrin {Ho. 5} Il1linois
Ccl8816 Mammoth Montana
C1L8820%* Pocahontas (Mo, 43 Hast Virginia
CLE841+%% Pittsburgh (No. 8) West Virginia
C1lB83483%¢ Blue Creek Alabama
18857 Herrin (No. ) Illinois
C1L9000*4 Black Mesa Field Arizona
213344 Pittsburgh (No. 8) Pennsylvania
OLRBRA Johnson Alabama
1134404 Noonan North Dakota
CLAR320 Herrin (No. 6) Illinois
13368 Herrin (No. 6) Illinois
218445 Rosebud Montana
TLB4R7 Hanna 24 Wyoming
14684 Herrin {(No. §) Illincis
315999 Hearrin {(No. 6} Illinois
*Samples for which gravity separations were made.

#Samples for which ion exchange detarminations were made,

(Source: Kuahn,

Jik., Hiana,

&

?.LO 7

; Cahill,
Shimp, ¥N.?P., Aug. 1980, page 5]}

R.A.,; Gluskoter,
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Table 3: Proximate Analyses of Whole Coal Samples
" (percent whole coal except for Btu values)

Sample  Adl Mois V.M. F.C. Ash Btu F.C.
Number (dmmf)

C1l6543 9.40 17.00 43.00 45.10 11.90 12380 51.20
Cl7001 4.10 5.90 39.50 48.70 11.80 12947 55.21
C18304 -—— 2.40 40.50 48.60 10.90 13182 54.55
C1l8560 7.20 9.10 41.60 42,00 16.50 11714 50.31
C18816 —— 13.20 38.70 52.30 9.00 12095 57.47
£18820 0.70 1.90 16.60 71.90 11.50 13763 81.24
c18841 0.50 2.30 42.50 47.30 10,20 13155 52.67
c18848 0.60 1.90 20.00 68.40 11.70 13628 77.46
C18857 11.90 14.40 39.80 46.30 13.90 12082 53.78
C19000 4.60 8.90 43.00 50.00 7.00 12475 53.77
Cl8844 0.80 2.40 35.70 56.00 8.30 13816 61.07
C18824 1.80 3.20 24.70 62.80 12.50 13528 71.77
C1l8440 12.60 19.40 39.70 50.50 9.80 10967 56.02
C18320 7.80 9.80 38.70 47.60 13.80 12094 55.23
C18368 7.00 11.00 39.80 47.00 13.20 12198 54.15
cl8445 17.10 22.90 41.40 51.10 7.50 11733 55.24
C18457 10.40 18.60 48.90 44.80 6.30 11688 47.82
Cl4684 6.00 8.50 38.20 51.80 10.00 12934 57.55
C15999 4.10 7.30 38.00 49.60 12.40 12470 56.62

(Source: Kuhn, J.K., Fiene, F.L., Cahill, R.A., Gluskoter, H.J.,
Shimp, N.F., Aug. 1980, page 34)
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Table 4- Sulfur Analyses of Whole Coal Samples
(percent, moisture-free whole coal basis)

Sample ORS PYS sus TOS SXRF
Cl6543 1.91 1.21 0.04 3.15 3.32
Cl17001 1.51 2.62 0.02 4.14 3.49
C18304 1.55 2.63 0.07 4.25 3.15
Cl8560 1.87 4.56 0.02 6.45 6.52
cl8816 0.45 0.54 0.01 1.00 0.85
18820 0.51 0.26 0.03 0.80 0.95
C18841 2.51 2.48 0.03 5.02 4.81
C18848 0.50 0.04 0.01 0.55 0.74
C18857 2.42 2.51 0.09 5.02 4.85
C19000 0.52 0.08 ——— 0.61 0.76
Cl8844 1.16 1.14 0.03 2.33 2.16
C18824 0.54 0.43 0.01 0.98 1.07
C18440 0.47 0.01 0.03 0.51 0.54
C18320 1.83 1.83 0.05 3.71 3.43
Cl8368 2.08 1.84 0.02 3.94 3.86
Cl18445 0.60 0.23 0.02 0.84 0.76
Cl8457 0.25 0.17 0.07 0.50 0.49
Cl4684 1.33 1.44 0.02 2.79 2.46
C15999 1.44 1.79 0.08 3.31 3.04

(Source: Gluskoter, Ruch, Miller, Cahill, Dreher, and Kuhn,
1977, page 38) ‘
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Table 5: Comparison of Trace and Minor Elements in
Raw and Demineralized Coal

Iron

Sample Raw Coal MMF # Retention#
Number (percent) (ppm) (percent)
C16543 1.59 93 0.6
Cl7001 2.76 64 0.2
C18304 2.79 100 0.4
C18560 2.60 66 0.3
C18816 0.60 60 1.0
C18820 0.56 72 1.3
c18841 L 1.73 242 1.4
Cc18848 0.70 54 0.8
c18857 2.20 67 0.3
C19000 0.40 225 5.6
C18844 1.30 146 1.1
C18824 0.61 46 0.8
C18440 0.33 22 0.7
C18320 1.81 55 0.3
Cl8368 2.10 50 0.3
Cl8445 0.38 30 0.8
C18457 0.21 56 2.7
Cl4684 0.69 120 1.7
C15999 1.78 75 0.4

*Concentration in the demineralized residue Qf the 1.40
float fraction of the coal. :

$Concentration in the mineral-matter-free (MMF) coal
divided by the concentration in the raw coal.

(Source: Kuhn, Fiene, Cahill, Gluskoter, Shimp, Aug. 1980,
page 19)
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inappropriate. However, based upon expectation, it would seem
that demineralization may provide a better organic iron value
than does the oxidation of the hydrocarbon fraction. The author
suggests that organic solution of the hydrocarbon fraction with
subsequent elemental determination be used for further
evaluation.

No relationship was found between fixed carbon (dmmf) and
the distribution coefficients for the selected Gluskoter et al.
samples.

Overall iron content of the study samples is smaller than
those of the selected Gluskoter samples by a factor ranging from
ten to one hundred. This difference in total iron content would

have influenced mineral species present in the coal.

SUMMARY AND CONCLUSIONS

Measurement of the distribution of iron among the
following major geochemical phases has been accomplished: (1)
exchangeable; (2) carbonate; (3) oxide; (4) organic; and (5)
pyritic. Although an average of 83 percent of the total iron
recovered is considered to be pyritic iron, iron was also
recovered from the organic, oxide, carbonate (7 samples) and
exchangeable (5 samples) geochemical phases. Weight percent
pyrite was determined from the pyritic iron recovered. The
concentration of iron extracted from each non-pyritic inorganic
geochemical phase within the the non-pyritic inorggnic mineral
fraction of the coal was calculated as well as the concentration

of organic iron within the hydrocarbon fraction of the coal.
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These values were plotted against percent mineral matter and
percent fixed (dmmf) carbon. Mild to strong relationships were
noted between pyrite, total iron, the concentration of organic
iron in its coal fraction, and the concentration of carbonate
iron within its coal fraction and percent mineral matter. With
the possible exception of oxide iron, no significant relationship
was identified bestween the iron concentration within any coal
fraction and percent fixed (dmmf) carbon.

The partitioning of an element makes possible the
calculation of distribution coefficients which can be plotted
against fixed (dmmf) carbon to see if the concentration of the
2lement among the coal fractions depends upon rank. Distribution
coefficients calculated from the present data were nlotted
against both percent mineral matter and fixed (dmmf) carbon.

For comparison purposes, data published by the Illinois
Geological Survey {(Gluskoter et al., 1980) were used to calculate
distribution coefficients which were likewise plotted against
percent mineral matter and percent fixed (dmmf) carbon values.

No relationship was found between either set of distribution
coefficients and percent fixed (dmmf) carbon. Therefore, it is
concluded that there is no demonstratable dependency of
distribution coefficients upon rank. Mild correlations occur
between both sets of distribution coefficients and percent
mineral matter. It is therefore concludad that there potentially
is a statistical relationship between distribution coefficients

and percent mineral matter and that the trend of the correlation

o~

I

plot can be used for interpretive purposes.
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If methods can be improved for determining the elemental
content of the organic fraction of coal, it would seam that
distribaiion zosfficients make possible a guantitative evaluation
of the relationships bstween the major coal fractions. Finally,
although refinement is nescessary, it is suggested that the
sequential extraction of coal can be used to help clarify and
produce a more complete understanding of slemental distribution

within coal.

SUGGESTIONS #IR FIJTURE WORK

The procedure used in this study could be shortened. Parti-
tioning between pyvrite, non-pyritic inorganic and organic
geochemical phases <ould be accomplished by using the ASTM Forms
of Sulfur method for the extraction of pyritic iron and
determining the iron by standard atomic absorphion methods
Weight percent organic iron could be dstecmined by the high
temperature ashing of a demineralized aliquot of the coal sample.
Inorganie non-pyritic iron would be detsrminined by differ-
ance, i.e., equal total iron - (organic iron + pyritic iron).

It may also bz possible to determine the a2lemental content of
coal on a whole £0al basis using x~ray fluoresaanage. Bafore
this could be dons matrix absorption would have to ve determined
and infinite thickness calculated. These calculations are

presently being made.
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Appendix 1

Sample Location
Number
DT519772 Mesaverde Group
Upper Cretaceous
DT519771 Channel sample of unnamed coal bed,
Willow Springs mine
SEl/4, NW1/4, Sec. 3, T.95.; R.10E.
Grab sample of unnamed coal bed.
16727-6 Raton Coal Composite
167272
NM - TM Bernalillo County, NM
Crevasse Canyon Formation
Upper Cretaceous
Grab sample, unnamed coal bed,
Tijeras Coal Field, Tocco Mine
16727-1
San Juan County, NM
419771 Fruitland Formation
Upper Cretaceous
Partial channel sample
South Barber Pit
N.B.,S5.W., Sec 34,T.28N.,R.106W.
16727-5 "N¥
16815-2 Western Kentucky
16815-1
c -7 Socorro County NM
Upper Mesaverde Group
Upper Cretaceous
Channel sample
SE, SE33, T.2N., R.4W,
16727-3
DT4137718 McKinley County ™M

Crevasse Canyon Formation
Channel samples from Green seam,
Gibson member, MgKinley Mine

SE, NW, Sec¢. 6, T.16N., R.20W.
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Underground York Canyvon Mine
Nova Scotia
Nova Scotia

Stock pile
York Canyon Mine

Navajo Coal

Mason Pit

Seam 7

Mine grid: N.2,032,700
£.296,700

WNavajo Coal

Bighan Pit

Seam 3

Mine grid: N. 2,028,500
E. 317,500

York Canyon Coal
South Pit
York Canyon Mina
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Appendix 2A
Proximate Analyses of Study Samples
{Values = percent)

Sample Moisture VM FC Ash S FC V.M.
Number (dmmf) * (dmmE) *
DT518772 1.6 29.5 57.8 11.1 .9 67.12 32.88
DT519771 13.9 25.1 37.9 23.1 .5 62.13 37.87
16727-6 1.21 33.23 47.85 17.71 .6 60.20 39.80
16727-2 10.54 35,94 41.24 11.28 .4 53.44 46.56
NM - TM 1.1 26,3 51.2 21.4 .5 67.7 32.3
16727-1 11.33 37.4 41,23 10.4 .53 53.34 46.66
DT419771 8.8 37.3 40.1 13.8 .36 51.31 48.19
16727-5 12.12 39.91 44.35 3.62 .45 52.89 47.11
16815-2 5.89 37.85 49.70 6.56 3.52 57.75 42.25
16815-1 1.56 34.39 49.58 14,47 .54 59.99 40.01
c -7 9.1 35.30 42.790 12.90 .4 55.64 44.36
16727-3 11.24 35.87 39.95 12.95 .45 53.51 46,49
4187718 5.6 37.7 46.7 10.0 .5 55.96 44.04
C 86 D 1.8 34,15 54.04 10.02 .50 61.09 38.09
K 1-5 .48 39.98 46,97 12.55 .85 54.72 45,28
K 2-5 <49 34.17 57.57 7.82 .63 63.26 36.74
C 87D 1.8 32.68 57.88 7.64 .42 52.78 37.22
C 84 DD 9.19 36.94  47.37 65.50 1.20 56.63 43,37
C 82 DW 4.49 40.00 48.90 6.59 .64 55.42 44,58
C 88 D 0.19 33.02 58.78 3.01 -39 64.59 35.41

*Dry mineral matter free fixed carbon content was calculated
using the following formula:s



Fixed Carbon (dmmf) = FC{100)/ (100 - (M + 1.08a + .558))

where dmmE dry mineral matter free

wC = fixed carbon
M = moisture

A = ash content

5 = sulfur content

Volatile matter (dmmf) (100 - FC(dmmf))
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Appendix 2B

b . .
Proximate Analyses Nomalized to Mineral Matter

(Values = Percent)

Sample Moisture Volatile Fixed Mineral Fixed
Number Matter Carbon Matter Carbon

(AmmE)
DT519772 1.59 29.05 56.90 12.438 66.20
DT519771 13.51 24.41 36.86 25,22 60.12
16727-6 1.18 32.53 46.84 19.45 59.01
16727-2 10.01 36.47 40,72 12.40 52.75
NM - TM 1.07 25.63 49.91 23.39 66.07
16727-1 11.18 36.93 40.71 11.52 52.66
DT419771 8.66 36.74 39.50 15.10 51.81
16727-5 12.05 392.69 44,10 4.16 52.63
16815-2 5,74 36.85 48.39 9.02 56.77
16815~1 1.53 33.81 48.74 15.92 59.04
c -7 8.97 34.79 42.09 14.15 54.75
16727-3 11.97 35.34 39.36 14.23 52.69
4187718 5.03 37.25 46.14 11.08 55.33
C 86 D 1.78 33.74 53.38 11.10 61.27
K 1-5 0.47 39.45 45.36 13.72 54.03
R 2-5 0.49 33.90 57.05 8.56 62.72
C 87 D 1.78 32.41 57.39 8.42 63.91
C 84 DD 9.12 36.67 47.02 7.19 56.13
C 82 DW 4.45 39.68 48.51 7.36 55.01
C 883 D 0.19 32.73 58.26 8.82 64.03



-$H5=-

Moisture, vonlatile matter and fixed carbon values
wera normalized by multiplying the as received proximate
analyses values by the following correction factor:

Correction Factor = (100 - MM)

[ S

(100 - A)

wherea MM mineral matter

and A ash content
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Appendix 3

Diffractometer Settings Used in Study

=

Mode: continuous

Recycle: 1

Axis: 2 [/

Start angle: 100 degrses

Stop angle: 3 degrees

Scan speed: 4 degree/minute

Full scale: 10,000 CPS {counts per second)
Time construct: 0.1 second

Chart spead: 40 mm/minute
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Appendix 4

Sequential Extraction Procedurs

General Procedural Statement

Anv treatment not requiring heat was carried out in a
centrifuge tube fitted with a plastic cap. Supernatant solution
and solid material were separated by centrifuging (Sorvall RC-5B

Refrigerated Superspe

o

d Centrifuge) at 12000 rpm (revolutions per
minute) for 30 minutes: the solution was decanted through Whatman
aumber 5 filter papsr. Anv particulate matter was rinsed iato
the centrifuge tube using 10 ml deionized water which served

as rinse water. The mixture was centrifuged and decanted

as above and the rinse water discarded. Any retained particulate
matter was washed into the proper tube using a measured amount

of the next leaching solution. Each supernatant solution was stored
in a 40 mm. amber pill bottle fitted with a snap cap. Iron was
determined with the Varian Techtron, model 1250, using standard
atomic absorption methods and settings suggested by the manufac-
turer. Suggested settings are as follows: {1) the burner height
should be 7cm above light path; (2) the slit should be set to
0.2mm; (3) an oxidizing air-acetylene flame should be used; and
(4) absorption should be determined at 2483 angstroms. Appropri-
ate solutions were usad for zeroing the instrument before de-
termining absorption. Standard curves were drawn before esach run.
If the curves were non-linear, new standards were preparad using
appropriate reagents and iron absorption redetermined. Special
blanks were run for procedures 4, 5, and 6. Agitation was by
means of a Burrell wrist—action shaker. Chemicals used in the

experiment were reagent grade. Solutions were made with de-



ionized water from resesarch Model L IonXchanger (Illinois Water
Treatment Company). Glassware was rinsed twice in 10% hydro-
chloric acid before being rinsed with deionized water.

To expedite replication, the procedure will be written up

in an instructional format.

Exchangeable Geochemical Phasa
Reagents:

Magnesium chloride (1 M pH 7): 204.32g MgCl, dissolved in 1
liter deionized water:; adjust pH to 7 lsing 50% v/v
ammonium hydroxide (NH40H),

Ammonium hydroxide- 50% (v/v): carefully mix egual parts
NH,0H and deionized water.

Procedure 1:

1. Add 10 ml 1M magnesium chloride (MgCl,)-pH 7~ to each
labeled centrifuge tube containing a pre-dried, pre-weighed
(weigh by difference) coal sample.

2. Continuocusly agitate centrifuge tubes for 1 hour at ambient
room temperature.

3. Centrifuge samples for 30 minutes at 12,000 rpm (revolutions
per minute).

4, Decant the supernatant liguid through Whatman number 5
filter paper into a 40 mm labeled pill bottle and cap hottle.

5. Using 10 ml deioniz=d water, rinse (1) any particulate matter
adhearing to the filter paper back into the centrifuge
tube and (2) cap and sides of centrifuge tube,

6. Centrifuge and decant as above using a measured amount of the
next reagent to rinse any particulate material caught by the
filter paper into the centrifuge tube.

7. Using 1M magnesium chloride (pH 7), prepare iron standards
having concentrations of 3, 5, 7, and 10 ppm (parts per
million).

3. Determine iron absorption using standard atomic absorption
methods and settings mentioned in the general statement.
Zero the ianstrument with 1M MgCl2 at pH 7.



Carbonate Geochemical Phase
Reagents:

1 M Sodium acetate (NaDAc), pH 5: Dissolve 136.08g sodium
acetate in 1 liter deionized water. Adjust the pH to 5
using acetic acid.

Acetic acid (CH5COOH), reagent grade

Procedure 2:

1. Add 10 ml 1M sodium acetats, pH 5, to the residue from
procedure 1.

2. Continuously agitatzs for & hours at ambient room
temperature.

3. Separate supernatant liguid from residue by above procedure

{see steps 3,4,5, and 6 above) saving the liguid and
discarding the rinse water.

4. Using 1M sodium acetate (pH 5), prepare standards having
concentrations of 3, 5, 7, and 10 ppn (parts per million).

5. Zeroing the instrument with 1M sodium acetate (pH 5)
determine iron absorbance.

Iron-0xide Geochemical Phase
Reagents:

25% Acetic Acid (CH,CO0H) w/v: add 250 ml acetic acid to
750 ml deionized water.

0.04M Hydroxylamine hydroxide in 25% (v/v) acetic acid: Dis-
solve 2.78g NH,OH~HC1 in 1 liter 25% (v/v) acetic
acid~the pH is 2.

Procedure 3:
1. Add 20 ml 0.04M hydroxylamine hydroxide in 25% v/v acetic

acid to each centrifuge tube containing residual solid
from procedure 2.

[y
o

Continuougly agitate samples for 8 hours at ambient room
temperature.

3. Separate supernatant liquid from residue using above
procedure for centrifuging and decanting, saving the
decant and discarding the rinse water.

4., Use 30% hydrogen peroxide to rinse any particulate
material into the centrifuge tube.

5. Using 0.04M hydroxylamine hydroxide, prepare standards having
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concentrations of 3, 5, 7, and 10 ppm.

6.

Using 0.04M hydroxylamine hydroxide to zero the instrument,
determine iron absorption.

Organic Geochemical Phass

30% Hydrogen peroxida

3.2M Ammonium acetate {NH,0Ac) in 20% v/v nitric acid:

Dissolve 246.7g ammonium acetate in 1 liter
20% v/v nitric acid (HNOB),

3.2M Ammonium acetate in 20% v/v nitric acid diluted to

25% strengths Mix 1 part reagent and 3 parts
deionized water.

Procedure 4:

1.

Using 5 ml 30% hydrogen peroxide, carefully rinse and police
the contents of each centrifuge tube into a labeled 300~

ml beaker. Wear rubber gloves and goggles. Cover beaksr
with a watch glass.

Heat mixture at 85 degrees centigrade +/- 2 degrees for 2
hours:; agitate every 20 minutes. Add deionized water as
necessary to keep from dryness. Use a beaker of water to
check temperature if hot plate is not calibrated.

After 2 hours, add 3 ml 30% hydrogen peroxide and continue
digestion for 3 additional hours. Add deionized water as
necessary to keep from dryness. Agitate every 20 minutes.

Evidence of black tarry material should completely disappear.
The residue should appear clay-like. Color may vary from
gray to brown.

After oxidation is complete; cool sample.

Police and rinse beaker into correct centrifuge tube using
5 ml (3.2M) ammonium acetate in 20% v/v nitric acid.
Continue to police and rinse using exactly 15 ml deionized
water.

Continuously agitates samples for 30 minutses at ambient
room temperature.
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Nentrifuge and decant as usual, saving the decant.

Using a 25% v/v dilution of 3.2M ammonium acetate in
nitric acid. Prepare standard solutions having con-
centrations of 3,5,7,10,15, and 20 ppm.

Using a 25% v/v dilution of 3.2M ammonium acetate in
20% nitric acid to zero the instrument, determine
iron fonozatration by atomic absorpiion.

20
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Pvrite Geochemical Phase

Reagents:

Hydroohloric acid: reagent grade, 1.19 specific gravity.

Witric acid: reagent grade

Inverted agua regia: 3 parts concentrated nitric acid

Pro

l.

(%)
°

mixed with 1 part conasentratsed hydrochloric acid.

cedurs 5:

Using 15 ml concs=niratsd nitric acid, rinse and police
each sample into a labeled 200 ml beaker. Cover with
a watch glass.

;

Warm samples on hot plate until temperature reach:
degrees centigrada.

5 85

{

Caraefully add 5 ml concentratad hyilrochloric acid and
Aigest for 1 hour.

Let samples go to dryaess after digestion s completed.

Use 20 ml deionizad water and 10 ml concentrated
hydrochloric acid to rinse and police beaker; filter
through Whatman number 41 filter paper into a

100 ml volumetric f£lask. Bring to volume with deion-
ized water.

Use 10% hydrochloric acid to prepare standard solutions
having appropriate concentrations.

Determine absorption of iron using 10% hydrochioric acid
to zero the instrument.

Allow ashless filter paper to dry.

&
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Sodium Carbonate Fusinn of Residual Material

Reagents:
Ssodium carbonate (Na,Cd,i:
Hydrochloric acid: Spéci%ic gravity 1.19

-~

Procedure &3
L. 70ld dried filter paper and place into a platinum crucible.

2. Heat, ©o 900 degrees centigrade~ raising the
temperatare slowly in case molsture is present.

3. When combustion complete, take samples from ovan.

4. Add from §.5-1.0 g sodium carbonate (Na2c03), to each sample.

5. Return samples to oven and fuse at 1000 degrees centigraie.

5. ‘Take samples from oven; using platinum tongs, place platinum
arucible into a labled beaker containing about 40 ml de-
ionized water; add 10 ml concenivated hydrochloric acid.

7. Using deionized water, volice and rinse each crucible 6 times.
g ¢ E

8. Transfer beaker contents to a 100 ml volumetric flask. Bring
to volume while rinsing beaker with deionzed water.

9. Using 10% hydrochloric acid prepare appropriate standards.

10. Using 10% hydrochloric acid to zero the instrument, de-
termine iron ahsorbance.
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Appendix 48
Digscussion of Reagents
Bxchangeable: Discussion of reagent
Tessier et al. state that although ammonium acetate
(NH4OAC, pH 7.0) has been used extensively in soil analyses,
anwanted carbonate dissoluation has been reported. Tessier et al.

(19777 alsd state that magnesium chloride has no effact on the

LY

L]

following geochemical phases: wcarbonate, silicate, sulfide and
organic. Gibbs (1977) additionaly showed that magnesium chloride
did not dissolve naturally occurring metallic coatings or organic

material.

Carbonate: Discussion of reagent

Grossman and Millet (1961) invastigated the selectivity of
sodiunm acetate (Nadao) adiusted to a pH o2f 5 using acetic acid
and found the reagent dissolved carbonates but 4did not affect
either organic carbon or free iron concentrations after an
exposure Of nine weeks. Initial investigation by the author
showed iron concentration to level off after & hours, For this
reason an extraction time of & hours was decided upon. This
finding agreed wiith that of Tessier,

An additional study of aluminum (Al}, silica (3i), and
sulfur (S) by Tessier et al. showed that this procedure had no

measureable effect on the silicates or sulfides.
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Deurer, Porstner and Bchmoil {19738) successfully determined
total carbonate iron using an acidic-ion exchanger method
nriginally used to remove carbonates from clay and the raaders i3

referred to this article as an alternate method.

Tron Oxide Phasa:

The effect of 0.04M hydroxylamine-hydrochlorids {(HH_ Od,HCL)
in 25% v/v {volume to wolume) acetic acid is to reduce any ferric
oxide to its ferrous Form. Other reducing reagents usad, notably
sodium-dithionite-citrate, as cited by Anderson and Jeane (1L973),
have <ausad pracipitation of sulfides. Gupta and Chen (1975)
compare’d thess reagents and found metal concentrations lower,
(especially for the least soluble sulfides) when asing

dithionite-citrate. Since iron sulfide is the least solublse

0
fede

sulfida {X=13.1), no consideration was given this reagent.

Tessier et al. (1980) porovided information regardiag
solution-s0lid contact time and £ound iron content leveled off

after 5-8 hours. This was substantiated in the present

study.

Organic Phase:

Gupta and Chan (1375) and Tessier =2t al.(1979) report the use of
nitric acid (HNOS) to acidify (pH 2) 30% hydrogen peroxids
(H209)9 Gupta and Chen mention that this combination oxidize
the organics and causes the dissolution of =asily dizsolved

sulfides. Teszier et al. cite that the residual phasge contains
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"resistant” sulfides as well as refractory organic material. The
easily dissolved sulfides are amorphous metal sulfides while
resistent sulfides are considered to be crystalline metal
sulfides (Tessier et al.) Preliminary work showed that a low pH
caused dissolution of portions of the residual fraction, for this
reason no nitric acid (HNOB) was used when oxidizing the coal.
Deinnized water was used in place of nitric (HNO3) acid to keep
the beakers from going to dryness. Samples should not be left
unattended, for rapid oxidation may cause actual burning of the

coal or excessive formation of carbon dioxide.
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Appendix 5A

Exchangeable Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample std. std. Dilution Final

Numbear Weight (ml} Abs. Conc. Abs. (if any) Conc.
(g9)
DT519772 .2521 10 ND
2522 10 ND
.2513 10 ND
DT51977L 2512 10 ND
. 2500 10 ND
. 2510 10 ND
16727-6  .2504 10 ND
.2506 19 ND
2514 10 ND
16727-2 .2500 190 ND
.2500 190 ND
. 2500 10 ND
NM-TM . 2500 10 ND
. 2500 10 ND
. 2500 19 ND
NBS 1635 2500 10 ND
. 2505 10 ND
2500 10 WD
5tandard Solution Standard Standard
Information Concentration Absorbance
1 44
2 86
3 133
5 213
7 296
10 338
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Appendix bA
(Continued)

mxchangeable Geochemical Phase

(Iron concentration in parts per million)

Sample Sample Volume Sample Std. Std. Dilution Final
Number Weight {ml) Abs. Conc. Abs. (if any) Conc.,
(g)
16726-1 1504 10 ND
L1675 10 ND
.1992 10 ND
DP419771 .1882 i0 7 0.5 13 14
.1389 in 14 0.5 13 38.8
.1989 19 13 <5 13 25.1
16727-5 .21905 10 ND
.2060 10 ND
.1790 19 ND
16812-2 .2038 10 231 7. 211 1/10 3760
. 2265 10 277 10 304 1/10 4023
.2290 10 348 10 304 1/10 4999
16815-1 .1825 10 ND
.2242 10 ND
. 1742 10 ND
c -7 .2358 192 ND
.1334 i0 ND
L1726 10 ND
16727-3  .1489 10 ND
. 1840 10 ND
. 1746 10 ND
4187718 .1873 190 ND
1729 10 ND
.1858 10 ND
Standard Solution Standard Standard
Iinformaticon Concentration Absorbance
0.5 13
1.5 44
3.0 83
5.9 156
7.0 211
10.0 304
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Appendix 5A
(Continued)

Exchangeable Geochemical Phase

(Iron concentration in parts per million)

Sample Sample Volume Sample Std. Std. Dilution Final
Number Weight {ml) Abs. Conc. Abs. (if any) Conc.
(9)
C 86 D 1151 5 ND
L1015 5 ND
.113% 5 ND
K 1-5 L1017 5 92 3 83 183.5
.1009 5 97 3 83 i73.7
»1032 5 99 3 33 173.4
K 2-5 L1293 5 29 1.5 44 38.2
1154 5 31 1.5 44 45,7
.1120 5 37 1.5 44 56.3
C 87 D . 1360 5 HD
L1031 5 ND
. 1101 5 ND
C 84 Db 1077 5 177 5 156 263.4
.1130 5 150 5 156 212.7
.1139 5 157 5 156 226.7
C 82 DW .1255 5 31 1.5 44 42,1
.1043 5 23 1.5 44 37.86
L0714 5 22 1.5 44 59.3
C 88 D . 1419 5 MND
.0983 5 ND
.0973 5 ND
NB3 1635 .1024 5 48 1.5 44 79.9
. 1027 5 46 1.5 44 76.3
.1084 5 45 1.5 44 72.3
Standard Solution Standard Standard
Information Concentration Absorbance
0. i3
1.5 44
3. 83
5. 156
7. 211
10 304
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Appendix 5B
Carbonate Geochemical Phase
(Iron Concentration in parts per million)

Sample Sanple Volume Sample std. Std. Dilution Final
Number Weight {(ml) Abs, Conc. Abs. (if any) Conc.
(g)

DT519772 .2521 8 170 5 213 137.5
.2522 3 208 5 213 154.8
L2513 3 139 5 213 141.2
DT519771 .2512 3 ND
« 2500 8 ND
.2510 8 MND
16727-6 .2504 8 79 2 86 58.7
.2506 8 78 2 86 57.9
.2514 8 77 2 36 57.0
167272 .2500 8 ND
. 2500 8 ND
. 2505 8 ND
NM~-TM . 2500 8 15 1 44 190.9
.2500 3 14 1 44 10.2
. 2500 8 15 1 44 10.9
NB51635 .2500 8 ND
. 2505 8 ND
. 2500 8 ND
Standard Solution Standard Standard
Information Concentration Absorbance
1 44
2 a5
3 133
5 213
7 296
10 388
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Appendix 5B
{(Continued)
Carbonate Geochemical Phase
(Iron concentration in parts per million)

Sample Sample vVolume Sample Std. Std. Dilution Final
Number Weight (m1} Abs. Conc. Abs. (if any) Conc.
(g9)
16727-1 L1504 10 NMD
+1675 i ND
.1992 10 ND
DT419771 .1882 190 ND
.1389 10 ND
.1989 10 ND
167227-5 .2105 10 ND
. 2060 10 ND
L1790 10 ND
16815-2 .2030 10 60 2 58 101.5
. 2265 10 89 3 94 125.4
.22990 10 70 2 58 105.4
16815-1 .1825 10 28 1 28 54.8
L2242 10 56 2 58 85.1
1742 10 35 1.5 39 77.3
C -7 .2358 10 ND
.1334 10 ND
<1726 10 ND
16727-3 .1489 10 ND
.1840 10 ND
1746 10 ND
418771B .1873 10 18
.1729 10 4
.1858 10 8
Standard Solution Standard Standard
Information Concentration Absorbance
.5 10
1.9 28
1.5 39
3.0 94
5.0 165
7.0 265
10.0 353
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Appendix 5B
(Continued)
Carbonate Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample 5td. Std. Dilution Final
Number Weight (ml) Abs. Conc, Abs. (if any) Conec.,
(9)
C 86 D .1151 10 20 1.0 28 62
.1015 10 17 =5 10 83.7
.1139 10 3 ) 10 35
K 1-5 L1017 10 7 .5 10
.1009 10 3 .53 19
.1032 10 2 .5 10
R 2-5 .1293 10 ND
L1154 10 ND
1120 10 ND
C 87 D .1l360 10 52 2.0 58 131.8
. 1031 10 38 1.5 39 141.7
.1101 10 33 1.0 28 107.90
C 84 DD .1077 10 ND
.1130 190 ND
.1139 i0 ND
C 82 DW .1255 19 ND
.1043 10 ND
.0714 10 ND
C 88 D .1419 10 ND
.0983 10 ND
0973 10 ND
NB51535 .1024 19 ND
L1027 10 ND
.1084 10 ND
Standard Seolution Standard Standard
Information Concentration Absorbance
0.5 10
1.0 28
1.5 39
2.0 58
3.0 94
5.0 165
7.0 265
10.0 353
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Appendix 5C

Nxide Geochemical Phase
(Iron Concentration in parts per million)
Oy

Std.

Sample Sample vVolume Sample 8td. pilution Final
Number Weight (ml) Abs. Conc. ABS. (if any) Conc.
(9)
pTr319772 .3105 20 306 10 268 ~ 735.0
.33%4 20 3690 190 268 - 791.0
.3333 20 3340 19 268 - 739.0
DT519771 .3055 20 349 19 268 i/2 1705.0
« 3720 20 343 10 263 1/2 1396.0
. 3655 20 331 10 258 1/2 1351.0
16727-6 .3594 20 144 5 147 1/2 545.0
L4077 20 142 5 147 1/2 474.90
.3328 290 131 5 131 1/2 536.0
16727~2  .2647 20 70 3 84 1/3 567.0
.2830 20 120 5 147 1/2 577.0
<3365 20 147 5 147 - 594.0
NM-TM . 3616 20 197 7 193 - 395.2
.3128 20 245 7 193 - 584.5
. 3450 20 214 7 193 - 28.4
NBS1635 .3420 20 154 5 147 - 306.0
L2662 20 133 5 147 - 340.0
.3171 20 151 5 147 - 324.0
Standard Solution Standard Standard
Information Concenktration Absorbance
3 34
5 147
7 i93
190 268
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Appendix 5C
{Continued)
Iron Oxide Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample std. Std. Dilution Final

Number Weight (ml) Abs. Conc. Abs. (if any) Conc.
(g)
16727-1 .15904 20 79 3 89 354.1
.1675 20 81 3 89 326.
.1992 20 93 3 39 331.7
DT419771 .1882 20 23 1.5 25 146.7
.1389 20 20 1.5 25 172.8
. 19839 20 26 1.5 25 156.9
16727-5 2105 20 31 3 38 155.0
2060 20 28 1.5 25 163.1
.1790 20 28 1.5 25 187.7
16815-2 ,2038 20 656 3 389 218.3
e 2265 20 130 5 139 412.9
2290 20 91 3 89 267.9
16815-1 .1825 20 84 3 389 310.3
L2242 20 109 3 39 327.8
L1742 20 77 3 89 298.0
c -7 2358 20 43 2 33 183.0
1334 20 31 1.5 25 278.9
L1726 20 33 2 33 231.7
16727-3 .1489 20 59 3 89 267.1
. 1840 20 61 3 89 223.5
. 1745 20 57 3 39 220.1
4187718 .1873 20 120 5 139 460.9
L1729 20 123 5 139 511.8
.1858 20 112 5 139 433,7
Standard Solution Standard Standard
Information Concentration Absorbance
1.0 12
1.5 25
2.0 38
3 89
5 139
7 196
10 284
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Appendix 5C
(Continued)

Iron Oxide Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample Std. Std. Dilution Final
Number Weight {(ml) Abs. Conc, Abs. (if any) Conc.
(9}
C 86 D .1151 20 220 5 243 786.6
.1015 20 198 3 161 726.9
.1139 290 187 3 151 611.8
K 1-5 .1017 20 43 1 48 176.2
. 1009 20 38 .5 22 171.2
.1032 20 35 e 5 22 154.2
K 2-5 .1293 20 12 .5 22 42.2
L1154 20 13 .5 22 51.2
21120 20 13 .5 22 52.8
C 84 DD L1077 20 84 1.5 78 335.7
.1130 20 100 1.5 78 340.4
.1139 20 110 1.5 78 371.4
C 82 DW .1255 20 33 .5 22 119.5
.1043 20 26 5 22 113.3
L0714 20 22 .5 22 1490.0
C 88 p .1419 20 155 3 161 407.1
.0983 20 122 3 151 462.5
L0973 20 120 3 161 459.6
NB31635 .1024 20 97 1.5 78 333.1
. 1027 20 99 1.5 78 370.8
.1084 20 122 1.5 78 432.9
Standard Solution Standard Standard
information Concentration Absorbance
.5 22
1.0 48
1.5 78
3 161
5 243
7 342
10 495
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Organic Geochemical Phase
(Iron concentrations in parts per million)

Sample Sample Volume Sample Std. Std. Dilution Final
Number Weight {ml) Abs. Conc. Abs. (if any) Conc.
(g}
Drs519772 .2521 20 154 1.5 112 163.6
.2522 20 61 1.5 112 64.8
L2513 20 120 1.5 112 127.9
DT519771  .2512 20 464 7 498 1/2 1039
. 2500 20 474 7 498 1/2 10606
. 2510 20 494 7 498 1/2 1106
16727-6 .2504 20 422 7 498 473.8
. 2504 20 - - - -
.2514 20 441 7 498 493,
16727-2 . 2500 20 155 1.5 112 176.8
.2500 20 204 3 232 211
. 2505 20 229 3 232 236
MN~TM . 2500 20 249 3 232 257.6
. 2500 20 345 5 370 373
. 2500 20 492 7 498 553.2
NBS1635 . 2500 20 98 1.5 112 105
. 2505 20 151 1.5 112 151
. 2500 20 255 3 232 264
Standard Solution Standard Standard
Information Concentration Absorbance
1.5 112
3 232
5 370
7 498
19 674
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Appendix 5D
(Continued)
Organic Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample 5td. Std. Dilution Final
Number Weight (ml) Abs. Conc. Abs. (if any) Conc.
(9)
16727-1 . 1504 20 89 2 89 266
1675 20 103 2.5 111 277
21992 20 95 2 29 216.6
DT419771 .1882 20 72 L.5 65 176.6
.1389 20 43 1.0 43 160.7
.1989 20 67 1.5 65 155.5
167275 . 2105 20 38 1.0 43 34
. 2060 20 50 1.0 43 112.9
.1790 20 31 .5 20 86.6
16815-2 .2038 20 115 2.5 111 254.2
2265 20 124 3 134 245.1
»2290 20 167 3 134 326.5
16315~-1 .1825 20 62 1.5 65 156.8
2242 20 123 2.5 111 247.1
. 1742 20 115 2.5 111 297.4
c -7 .2358 20 23 .5 20 48.8
.1334 20 40 1.0 43 149.9
. 1726 20 46 1.0 43 123.9
167273 . 1489 20 75 1.5 65 232.5
. 1840 20 46 1.0 43 116.3
L1745 20 77 1.5 65 203.5
4187718 .1873 20 348 7 293 887.8
1729 20 89 2 39 231.3
.1858 20 43 1.0 43 107.6
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Appendix 5D
(Continued]
Organic Geochemical Phase
(Iron Concentration in parts per million)

Sample Sample Volume Sample Std. Std. Dilution Final
Number Weight (ml) Abs. Conc. Abs. (if any) Conc,
(9)
C 86 D .1151 20 234 5 202 1006
L1015 20 82 1.5 62 390.9
.1139 20 76 1.5 62 322.9
K 1-5 L1017 20 53 1.5 62 252.2
.1009 20 24 .5 21 113.3
.1032 20 13 .5 21 59.9
K 2-5 .1293 20 27 .5 21 99.4
L1154 29 10 .5 21 a1,
1120 20 13 .5 21 55.3
C 87 D .1360 20 124 3. 125 437.6
.1031 20 62 1.5 62 290.9
.1101 20 63 1.5 672 276.9
C 84 pb 1077 20 45 1.5 62 202,.2
.1130 20 41 1.5 62 175.5
.1139 20 52 1.5 62 220.9
C 82 DW .1255% 20 47 1.5 62 181.2
.1043 20 53 1.5 62 245.9
.0714 20 29 .5 21 193.4
C 88 D .1419 20 74 1.5 62 252.3
.0983 20 47 1.5 62 231.4
.0973 20 40 1.5 62 198.9
NBS .1024 20 78 1.5 62 368.56
1635 L1027 20 20 5 21 92.7
.1084 20 82 1.5 62 365.0
gtandard Solution Standard Standard
Information Concentration Absorbance
5 21
1.5 62
3. 125
5. 202
7. 288
10, 408
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Appendix 5BE
Pyritic Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample 5td. gtd. Dilution Final
Number Weight {(ml) Abs. Conc. Abs. (if any) Conc,
(9)
DT519772 .2521 100 579 10(a) 622 3692.5
.2522 100 526 10(a)y 622 3353.1
. 2513 100 611 10(AY 622 3908.9
DT519771 L2512 50 388 5(A} 334 1/5 5780.6
. 2500 100 658 7{2) 611 1/2 6031.0
2510 100 594 7(Cy 611 1/2 5422.5
16527-6 .2504 100 322 5(A) 334 1/2 3850.0
.2506 100 300 5(a) 334 1/2 3584.0
L2514 100 342 5(A) 334 1/2 4073.0
16726-2 .2500 100 538 7(B)y 580 2597.0
. 2500 100 402 7(A) 460 2446.0
. 2505 100 422 7(A) 460 2563.0
NM-TM . 2500 100 276 5(A) 334 1/5 8253.0
. 2500 100 265 5(A) 334 1/5 7934.0
. 2500 100 231 5(A) 334 1/5 5916.0
NBS1635 .2500 100 208 3(a) 209 1194
2505 100 267 3(aA)y 209 1530
. 2500 100 243 3(A) 209 1395
Standard Solution
Information
std. std. std. S74d. std. Std.
A = Conc. Abs,. B = Conc. Abs. C = Conc., Abs,.
3 209 3 272 3 2346
5 334 5 432 5 463
7 460 7 580 7 611
10 622 10 760 10 798
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Appendix 5
(Continued)
Pyritic Geochemical Phase
(Iron Concentration in parts per million)

Sample Sample Volume Sample Std. std. Dilution Final
MNumber Weight (ml) Abs., Conc. Abs,. (if any) Conc.
(9)
16727-1 .1504 20 11l 3 135 1/190 3256
L1675 20 108 3 i3e6 1/10 2845
.1992 20 148 3 136 1/10 32783
DT4192771 .1882 20 242 5 215 1/5 2990
.1389 20 135 5 215 1/5 3097
.1989 20 311 7 304 1/5 3600
16727-5 .2105 20 404 190 386 294
. 2060 20 386 190 386 971
.1790 20 462 i0 384 1337
16815-2 .2038 20 341 7 304 1/10 7706
2265 20 382 10 420 1/10 8031
. 22990 20 398 10 420 i/10 82756
16815-1 .1825 20 177 5 215 1/10 4511
2242 20 191 5 215 1/10 3962
L1742 20 158 3 136 1/19 4002
c - 7 .2358 20 270 5 215 1/10 5326
.1334 20 156 3 136 1/10 5159
L1726 20 196 5 215 1/10 5282
16727-3 .1489 20 193 5 215 1/5 3014
.1840 20 220 5 215 1/5 2781
.17486 20 200 5 215 1/5 2664
418771 .1873 20 112 3 136 1/5 1319
L1729 20 166 3 136 1/5 2118
.1859 20 211 5 215 1/5 2641
Standard Solution S5tandard Standard
Information Concentration Absorbance
3 136
5 215
7 304
19 420
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Appendix SE
{continued)
Pyritic Geochemical Phase
(Iron concentration in parts per million)

Sample Sample Volume Sample Std. 35td Dilution Final
Number Weight {ml) Abs. Conc. Abs. (if any) Conc,
(g)
C 86 b .1151 20 141A 5 125 1/5 4952
» 1015 20 156A 7 172 1/5 6207
.1139 20 110Aa 5 125 1/5 3424
K 1=-5 L1017 20 139A 7 172 1/2 3029
. 1009 20 1504 7 172 1i/2 2458
.1032 20 146A 7 172 1/2 2287
K 2-5 L1293 20 275a 10 242 1763
. 1154 20 - -
L1120 20 2774 190 242 2054
C 87 b .1360 20 4568 10 461 1/2 2897
L1031 20 4098 10 461 1/2 3317
. L10L 20 3708 7 303 i/2 2870
C 84 pp .1077 20 274B 5 244 1/2 2136
.1130 20 305C 7 286 i/2 2619
.1139 20 222C 5 211 1/2 1879
C 82 DW ,1255 20 281C 7 286 1/2 -
.1043 20 288¢C 7 856 1/2 2665
L0714 20 277C 7 2886 1/2 3764
C 88 b .,1419 20 400C 10 403 1/2 2763
.0933 20 310C 7 286 1/2 3072
.0973 20 299C 7 286 1/2 2980
NB51635 ,1024 20 282C 7 286 1328
1027 20 374C 10 4038 1781
. 1084 20 1365
Standard Solution
Information
Std., 5td. std.
std. Abs. sStd. Abs. Std. Abs,
A - Conc., Dpm. B - Conc. pPPmM. C - Conc. rpm.
3 78 3 153 3 130
5 125 5 244 5 211
7 172 7 303 7 286
10 242 i0 461 10 403
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Appendix 5F

Iron Recovered After Sodium Carbonate Fusion
(Iron concentration in parts per million)

Sample Sample Volume Sample 5td. Std. Dilution Final
Number Weight (m1) Abs. Conc. Abs., (if any) <Cong.
(9)
DTH19772 .2521 100 44 .5 49 218
.2522 190 10 .5 49 49.5
.2513 100 109 - - ND
PP518771 .2512 100 100 1.5 119 501.8
. 2500 100 114 1.5 119 574.8
.2510 100 spilled
16727-6 .2504 i00 198 3 227 1045
. 2506 100 185 3 227 975.6
.2514 100 147 1.5 119 737
167272 . 2500 100 7 ) 40 35
.2500 100 270 3 227 1427
2505 100 MD - - ND
WM-TM . 2500 100 - - - -
L2500 100 138 1.5 119 695
. 2500 100 - - - ND
NBS1635 .2500 100 191 3.0 227 1010
.2505 1090 102 1.5 119 513
.2500 100 143 1.5 119 721
Standard Solution Standard Standard
Information Concentration Absorbance
¢ 5 40
1.5 119
3.0 227
5.0 350
7.0 491
10.0 650
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Appendix 5F
(Continued)
fron Recovered After Sodium Carbonate Fusion
(Iron concentration in parts per million)

Sample Sample Volume Sanmple std. 5td, Dilution Final
Number Weight (ml) Abs, Conc. Abs, (if any) Conc.
(9)
16727-1 .1504 20 77 3 93 330.
1675 20 45 1 30 133
.1992 20 110 3 93 356
DT419771 .1882 20 59 1 30 209
.1389 20 54 1 30 259
.1989 20 67 3 93 217
16727-5 .2105% 20 20 1 30 61
.2060 20 17 1 30 53
L1790 20 91 3 93 328
16815-2 .2038 20 181 5 152 584
.2265 20 231 7 209 633
.2290 20 241 7 209 705
16815-1 .1825 20 116 3 93 410
2242 20 301 10 313 858
1742 20 216 7 209 792
C - 7 .2358 20 210 7 209 597
.1334 20 281 7 209 959
.1726 20 262 7 209 1017
16727-3 .1439 20 i99 7 209 395
.1840 20 78 3 93 274
1746 20 - - - -
4137718 .1873 20 113 3 93 3389
.1729 20 51 1 30 153
.1858 20 63 3 93 219
Standard Solution Standard Standard
Information Concentration absorbance
1 30
3 93
5 152
7 209
190 313
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Appendix 5F
{Continued)

Iron Recovered After Sodium Carbonate Fusion
(Iron concentration in parts per million)

Sample Sample Volume Sample s5td. Std. Dilution Pinal
Number Weight {ml) Abs, Conc. Abs.,. (if any) Conc.,
(9)
C 86 D L1151 20 34 3 114 419
L1015 20 39 3 114 200
.1139 20 12 3 114 53
K 1-5 L1017 20 5 3 114 23
. 1009 20 29 3 114 149
.1032 20 14 3 114 69
K 2-5 .1293 20 30 3 114 120
. 1154 20 - - ND
,1120 20 - - ND
C 87D . 13690 20 8 3 114 33
.1031 20 - - ND
L1181 20 18 3 114 84
C 34 DD 1077 20 73 3 114 531
.1130 20 43 3 114 297
. 1138 20 49 3 114 411
C 82 DW .1255 Spilled
.1043 20 94 3 114 507
L0714 20 - ND
C 83 D .1419 20 - ND
.0983 20 74 3 114 272
.0973 20 30 3 114 1560
NBS L1024 20 - ND
1635 1027 20 - ND
.1084 20 52 3 114 250
Standard Solution Standard Standaxrd
Information Concentration Absorbance
3 114
5 177
7 242
] 3346
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Appendix 6: Parts A, B, and C
Mean and Total Iron Values Determined f£or the Study Samples

Part 8A

Mean iron value in parts per million for the: (1)
exchangeable geochemical fraction; (2)carbonate geochemical

fraction; (3) iron-oxide geochemical fraction; (4) organic
geochemical fraction; and (5) pyrite fraction. Standard
deviation is given in parts per million.

Sample Exchangeable Carbonate TIron Oxide Organic Pyrite*
Number Fraction Fraction Fraction Fraction Fraction
DT519772 ND 145+/-9 755+/=-31 146+/-25 37404/~ 94
T519771 ND ND 1374+/-60 1070+/-~34 5444+/-108
16727-6 ND 58+/-1 518+/-38 484+/-13 4755+/-88
167272 ND ND 579+/-10 208+/-30 2547+/-64
NM-TM ND 11+/-0.5 503+/-24 395+/-149 7933+/-864
16727-1 ND ND 329+/-4 272+/-8 3610+/=30
nT419771 ND ND 152+/=7 159+/-4 3270+/-110
16727-5 WD ND 168+/-17 86+/=2 1040+/-20
16815~2 4261+/-653 111+/-13 243+/-35 275+/-64 8561+/-340
16315~-1 ND 724/=-12 312+/-15 272+/-35 4782+/-17
c =7 ND ND 231+/-48 137+/-18 6115+/-180
16727-3 ND ND 237+/-26 181+/=-61 3964+/-940
418771B ND ND 443+ /-19 169+/-87 1989+/-390
C 86 D 170+/-6 73+/-16 757+/=42 357+/-48 5882+/-724
K1-5 46+/-9 ND 174+/-4 142+4/-99 2466+/-185
K2-5 ¥D ND 49+/-6 65+/-30 1978+/-107
C 87D ND 137+/-7 934+/-56 353+/-126 2915+/-26
C 84 DD 220+4/-10 ND 338+/-3 212+/-13 2809+/-140
C 82 DW 40+/-3 ND 117+/-5 207+/-49  3474+/-410
C 88 D ND ND 461+/-1 242+/-15 2941+/-250
NBS1635 76+/~4 ND 352+ /=27 368+/-2 1476+/-209
NBS1635 ND ¥D 323+/-30 177+/-86 2118+/-200



-G f -

*pyrite iron equals iron recovered during pyrite oxidation plus

iron recovered after the sodium carbonate fusion,
Appendix 6B
Mean Total Iron Content
Sample Total Iron Content
Number
DT519772 4786+/=-207
DT519771 8883+/~-169
16727~6 5815+/-205
16727-2 3334+/~118
NM-TM 8842+/-256
16727-1 4211+/-28
DT419771 3581+/-110 -
16727-5 1294+/-24
16815-2 13551+/-302
16315~1 5438+/-68
c-7 6483+/-187
16727-3 4382+/-942
4187718 2606+/-518
C 86 D 7239+/-1727
K1-5 2828+/-210
K2-5 2092+/~-111
C 87D 4340+/~129
C 84 DD 3579+/-141
C 82 DW 3338+/~413
C 88 D 3644+/-250
WBS1635 2272+/-211

NBS1635 2618+/-230
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Appendix 6C

Mean iron content as percent total ivon for the: {1} exchange~
able geochemical fraction: (2) carbonate geochemical fraction;
(3} iron-oxice geochemical fraction; (4} organic geochemical
fraction; and (5) pyrite fraction.

Sample Bxchangeable Carbonate Iron-Oxide Drganic Pyrite
Humber Fraction Fraction Fraction Fraction Fraction
DT519772 0 3 16 3 78
DT519771 0 0 15.5 12 72.5
167276 ¢ 1 3 8 B2
16727-2 0 0 17 £.5 76.5
M =-TM 0 0.1 7.9 4.5 a0
15727=1 0 0 5.6 5 86
DT41977L 0 9 4 4 a1
167275 0 ] 13 7 30
168152 31 1 2 2 64
16815-1 0 i ) 5 as

C - 7 0 0 4 2 94
16727-3 0 0 5 4 20
413771R 0 0 17 5 76

C 86 D 2 1 10 6 81

B 1-5 1 0 7 5 a7

X 2-5 0 i) 2 3 25

C 87 D G 3 22 8 67
84 DD 6 0 14 8 78

C 82 DW L 0 3 5 21

C 88 0 0 13 7 81
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Appendix 7

Distribution coefficient X and values used to calculate this
coefficient.

Sample  (VM+FC) Organic Iron bPercent (MM~PY) Oxides Iron K*

Number = =meee———eee Pyrite o o e
(VM+FC) (MM~-PY)

DT519772 85.95 1.7E-04 0.8014 11.67 6.47E-03 38.06
DT519771 61.27 1.75E-03 1.3308 23.84 5.768-03 3.29
16727-6  79.37 6.10E-04 1.0189 13.43 2.81E-03 4.61
16727~-2  77.19 2.69E-04 0.5458 11.85 4.89E-03 18.16
NM - TM  75.54 5.23E~04 1.6999 21.69 2.67E-03 5.10
16727-1  77.64 3.50E~04 0.774 10.75 3.06E8-03 8.74
DT419771 76.24 2,09E-04 0.701 14.40 1.10E-03 5.26
16727-5  83.79 1.038-04 0.223 3.94 4.27E-03 41.46
16815-2  85.24 3.238-04 1.856 7.16 3.39E-03 10.49
16815-1  82.55 3.298-04 1.025 14.90 2.098-03 6.35
c -7 76.88 1.788-04 1.310 12.84 1.808-03 10.11
16727-3  74.70 2.428-04 0.849 13.38 1.77E-03 7.31
418771B  83.39 2.038-04 0.426 10.65 4.20E-03 20.69
C 86 D 87.12 4.10E~-04 1.261 9.84 7.69E-03 13.16
K 1-5 85.81 1.65E-04 0.523 13.49 1.29E-03 7.82
K 2-5 90.95 7.15E-05 0.424 8.44 5.81E-04 7.24
C 87D 89.80 3.93E-04 0.625 7.86 1.19E-02 30.28
C 84 DD 83.69 2.53E-04 0.602 7.08 4.78E-03 18.89
C 82 pw  88.19 2.35E-04 0.744 6.73 1.74E-03 7.40
C 88 D 90.99 2.66E-04 0.630 8.24 5.60E-03 21.05

*The distribution coefficient, K, is equal to the concentration
of the iron within the iron-oxide phase divided by the
concentration of organic iron within the hydrocarbon phase.
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Appendix 8: Parts A, B. and C

Distribution Coefficients for Gluskoter's Whole Coal Selections
and Values Used to Calculate the Coefficients.

Part A

values Used to Calculate the Concentration of Organic Iron Within
the Hydrocarbon Phase

Sample vM* FCH {VM + PC) ORGFE

Number o mmee———
(VM + FC)

Cl6543 41.69 43.73 85.42 1.08E-04
Ci7001 38.06 46.92 84.98 6.80E-05
C18304 39.04 46.85 85.89 7.458~-05
18560 39.17 39.55 78.72 8.38E-05
C18816 38.16 51.57 89.73 6.69E-05
C18820 16.34 70.79 87.13 8.26E-05
Cl3841 40.81 45.41 36.22 2.81lE-05
13843 19.72 67.44 87.16 6.2E-05

C18857 38.01 44.22 82.23 8.15E~05
C19000 42.58 49.52 92.10 2.44E-04
Cl8844 24.94 54.81 8§9.75 1.63E-04
Cl18824 24.27 61.69 85.96 5.358-05
18440 39.23 49.91 89.14 2.47E-05
Cc18329 37.29 45.87 83.16 5.61E~05
Cl8368 38.32 45.26 83.58 5.98E-05
C13445 40.93 50.51 21.44 3.28E-05
C13457 48.49 44.43 93.22 65.03E~-05
C1l4684 37.21 50.45 87.66 1.39E-04
C15999 36.78 43.01 84.79 8.85E~-05

*Yolatile matter normalized to mineral matter.
$7ixed carbon normalized to mineral matter.

(Refer to text for original data)
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Part 8B

values used to calculate the concentration of non-pyritic
inorganic iron within the mineral matter minus pyrite phase.

Sample PYFE NON-PY*#* PY (MM-PY) NON-PY INORGFE
Number (percent) INORGFE (percent) (percent) —=we—mm—me———e—.——
(percent) (MM - PY)
C16543 1.05 0.531 2.25 12.33 4.308-02
C1L7001 2.29 0.454 4.91 10.11 4,59E~-02
C18304 2.30 0.480 4,93 9.18 5.238-02
C138560 3.99 1.233 8.55 12.83 9.618-02
18316 0.47 0.124 1.01 9.26 1.348-02
C18820 0.23 0.325 0.49 12.37 2.63E~-02
18841 2.17 0.656 4.65 9.13 4,76E~02
C18848 0.04 0.660 0.08 12.86 5.12E-02
18857 2.20 0.673 4.71 13.06 5.16E-02
C19000 Q.07 0.308 0.15 7.75 3.96E-02
18844 1.00 N.287 2.14 8.11 3.54E-02
13824 0.38 0.229 0.81 13.23 1.73E-02
C18440 0,01 0.319 0.02 10.84 2.94E-02
c18320 1.60 0.205 3.43 13.51 1.518-02
18368 1.61 0.485 3.45 12.97 3.748=-02
C18445 0.20 0.176 0.43 83,13 2.16E-02
C18457 0.15 0,055 0.32 5.76 8.20E~03
Cl4684 1.26 0.198 2.70 9.564 2.05E-02
C15999 1.57 0.473 3.36 11.85 3.99E-02

*Non-pyritic inorganic iron content eguals total iron content
minus organic iron content and pyrite iron content,
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Part 8C

Distribution coefficients labeled K.

Sample K*
Number

C16543 398.1
C17001 575.0
C18304 702.0
C13560 1147.2
C18816 200.3
C18820 313.4
18841 169.4
£18848 825.8
C13857 632.6
C19000 162.3
Cil3844 217.2
C18824 323.4
C18440 1190.3
c18320 228.4
18363 625.4
C18445 558.5
C1l8457 136.0
Cl4634 147.8
15999 4590.5

*K equals the concentration of the non-pyritic iron within the
mineral matter minus pyrite phase divided by the concentration of

organic iron within the hydrocarbon phassa.
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Appendix 9

Metallo-organic complexes

"The following discussion is bases upon information presented
by Pine et at. (1980). The figures are taken from Pine's Organic

Chemistry (1980}.

Tron (Co, Ni Mg. and others) may be incorporated into an’organic
molecule; such a molecule is known as a metallo;grganic! complex.
Another well used term for such a molecule is chelate- the metal
haven been chelated. Acturally chelated molecules belong to a
group of biologically important compounds correctly termed
metalloporphyrfhs (hemoglobin and chlorophyll both belong to this
group). The parent structure is an organic molecule called
porphin, a cyclic compound composed of four pyrrole (C4HSN) rings

connected by methine bridges as shown below (p. §42, Pine et al.,

1980)

Porphin

Pyrrole is a heterocyclic (cyclic compounds having at least
1 non-carbon ring member) aromatic compound (special group of
cyclic compounds; usually a 6 member ring, having alternate
single and couble bounds which are responsible for distinctive

chemical and physical properties) which has 1 nitrogen atom
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within its ring structure. Other coal tar heterocyclics are

shown for interest's sake (p. 673, Pine et al, 1980).

-
-

1 1

L}
~ s N3 + 3 4 3 . 3
Oy o o
N "Nt @] S
H 1
Pyridine Pyrrole Furan Thiophene

Porphyrins are differentiated according to which groups are
substituted on the pyrrole rings as well as by the complexing
metal. The metal atom is held in the center of a porphyrih by
coordination with the nitrogen atoms of the pyrrole ring (p. ¥42,
Pine et at, 1980). (The coordination number gives the number of
groups connected to a given atom. It does not have to be the
same as valence due to formation of multiple bonds between atoms
in many compounds.) When iron is bonded to the four nitrogen
atoms, the porphyrin's geometry is that of a square and is planar
(as shown below ). However, it may become non-planar if the fifth
or sixth coordinatibn site for iron serves as the

bonding site for these are above and below the plane of the

porphyrin ring.
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Appendix 10

SPSS Correlation Plots.
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Abbreviations Used on Correlation Plots

-

Abbreviation

TOTFE

FC

KSAM

CEXFE

CCAFE

COXFE

CORFE

KG

FCG

PY

Meaning
total iron
percent fixed carbon (dmmf)
distribution coefficient, K , study samples

concentration of exchangeable iron within
the non-pyritic inorganic mineral fraction

concentration of carbonate iron within
the non-pyritic inorganic mineral fraction

concentration of oxide iron within the
non-pyritic inorganic mineral fraction

concentration of organic iron within the
hydrocarbon fraction

distribution coefficient, K, Gluskoter et al.

percent mineral matter, Gluskoter et al.

percent fixed carbon (dmmf), Gluskoter et al.

weight percent pyrite

weight percent mineral matter
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y----¢-.--.----.---..-_--'---—+----,-u--;----+----.-.--+.---4----,--—-;----,--_-,----,----f----O--a-o

+
*

41,16

37.904

eneaa ae g Bewr B o BB ET AL S

30,01

-

[ T T TR R YRR Y

J S e LD Ll bl Aokl ok do ke daie bttt . o

260.1°%

22.3R

19.56

T T L T TR B S TR L R T TR ST

L +

e an as es 9E we mp nw ew 4 44 S5 08 HE TE § RISu ot B8 4 06 40 RE 10 40 48 FE AT Foaw ba e

T TR T TR T PR

-—---------—---------..-..---_-v-__----....----------.-------_----.---—--—-—-—-—-—----—-—-—--------------

14,71

10,92

[ TR TR TR TR

S T T I L L e L L A

.

-
*

H
+
H
.
:
H
+
.
H
s
H
+
3
H
:
H
.
H
+

P TR TR R SR TR TR

3.29

.;----y-_--+----,_---,__-_¢_-_-.—---¢--_-;----;—---+----+_---;----¢----+----+----._---Q--—-.----q—-_-+

4,14 b,a7 8.37 10.48 12.59 14,69 16,80 16.90 21,01 2901t 25. 23~

Distribution coefficient, K, compared to percent
mineral matter
natch Systea
jstics:
rrelating (¥)= -).58075 i ogyuared - 6,337:% slunlficance - Uauiind
d ert of est - 3.34017 fautercept (a) = 29918545 slope (1) - =luesuia

gkted values = 0 FACLiued valies= 2] missing valdes - 0@

‘evsssane” (5 pOinted {t & coetricient canpot Le coravated,



atch System

NUNAME .
ryram of (down) €O
52,53

P L. L T ]

.
00176

00158

0014

P T O P R TR T TR

.00125

.00108

000911

000743+

000575+

000407+
: »
: »

000239+ »
: M

CO007IS+

R T ol e

51,81 53,25

atch System

tics:s

elation (R)=
err of est =~
ted values =
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RFE (across) FC

53.97 55.41 56.85 SB.29 59.72 61,16 62,60 64,04

-—Q----*-—--Q-—--#—-—-'—---;——--fq---.--——*-.—.f----y----ﬁ—---f—-—-'--—-t-——-*
R 3

oo se arss st sssnianan

W5 99 #0 9% Be WE 06 B8 B8 waas e e ke 48 § 8 8 TH BN OP 08 6T FABY Su Nt IO wu oh €0 b0 4o

mmmmemmesesosseomesmmeas -=e-- =smosas :
: *
H H ]
: » H
-* H
H : *
“ -* H H
[] T .
* » : H
--‘.-._..-'4----+----+--—-+—---¢----9----¢,----¢.----+---_¢—---§----4,__--;,----gq-—--o-
54,69 56.13 57.57 59,00 60.44 61.88 63,32 64,

Concentration of organic iron within the hydro-
carbon coal fraction compared to percent
fixed carbon (dmmf)

0,20951 F squared - 3,04359 Significorce -
0,00035 Intercest {a) = -(1,00053 Slope (b) -
20 FExcludes values= Q Missinyg values =~

“essswvsan’ 15 printed 1f a coefficient cannot be compyted,

65,48

———tsmmt

s .-

viseas 4 ew 00 ms be d send bres ok 61 d0 Ml Ve &

T T I S e L TR T )

———m

76 66.20

C.15767
0,08002
v
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itch Systenm
NONAME . L
'gram of rugwn) COAFE ) ) . (across) ¥C
52,53 53,97 55,41 56,85 58,29 59,72 61,16 62.60 64,04 65,46
.Q----Q---—-.--u-;----;----9----0-«.--,----p----Q-.—.,----+----{-q---q----4----«*----.}----'----9----*_.—-0.
Oiloes H 5 - +
: 3 : :
0108+ H H +
00962+ : : H
008494+ : : H
§---—---- ----- - . - ---_-----:----------------.-------- ------ :--- ----------- --------------—---—--;
00736+ : : +
H : .
00623+ : : M
: : . : » :
00510+ : : +
: * ' LA : 3
S------;---_----- ------ ,--------;--;----- -------- --..-..------...-----..:--.--------------—_----_--------—-E
00397+ : : +
H H : :
: . : : H
00284+ ; . : L
: : » H :
H * + » H H H
LOoITi+ : H +
H + H H H
g H : :
: H : » :
000581+ » : : :
B L L Ly Sehaiatheh et -—--q.----y—--—’—---’--n-’—-—--‘—-——0-———&----+-—-—+—---f---a.’,——--’a—--.‘---—{-u—u--{ .
51.81 53,25 54,69 56,13 57.57 549,00 60,134 61.68 63,32 64,76 66,20
Concentration of oxide iron within the non-
pyritic coal fraction compared to percent
fixed carbon (dmmf)
atch Systen
tics: )
elation (R)~= 0.47929 - R syuarted - 0.22972 Significance - 0,01625
err of est =- " 0,00254 Intercept (a) - 0,01250 Slope (b) - 0,00028
1]

.ted values =~ 2v EXxcluded values= 0 missing values =

Cecuvupnr’ 35 Drinted 0 a coefficient cannot be computed,
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atch Systenm

NONAME - ; .
rgram pf (down) CCAFE (across) fC
° 52.53n 53,97 55.41 56,85 58.29 59,72 61,16 62.60 64,04 65.48

- f----*----’.--w-'--o.‘-——-1-—--'--&—f----'---q'--—-+----+----Q----*—-—-+----+—---’----f-‘n-q}-———f—---q.
00174 + : : . +
i : : :
.00I5T+ : : +
H * H :
001403+ : : +
.00I234+ : : -
001065+ : : :
000896+ : : :
000727+ : M .
000558+ : § +
1 : . : :
000389+ : : +
H H * : :
000270+ : § %
000507+ : : .+
e el L L L R T ----Qo--.q.---.-g.----o-----r-n--¢----4----*---—.',-——-4-----Q_-—-‘----¢--—-§—---0----¢
5{.61 s3c2s  T5isée 56,13 57,57 59,00 60,44 61.88 63,32 64,76 86,20
Concentration of carbonate iron within the
non-pyritic coal fraction compared to percent
fixed carbon (dmmf)
atch System
tics:
elation (R)= -0,05338 R syuared - V.00283 Significance - 0.45475
err of est = 0.00071 Intercept (a) = 0.00145 Slore (b) - “1,926b670wtiY
ted values = 7 Excludea values= 0’ Mlssing vaiues = 13

ruwsuyees’ 1S printed 1t a coefficlent cannot be computed,
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3 Batch Systam

3 NONAME

‘tergram of (down) CEXFE (across) FC
92,53 53.97 55,41 56,85 58.29 59,72 61.16 62.60 64,04 65, 48

.*----f----*----,--n-¢----¢----4----,----+--.-.----g.---*----0--_-+----;----p.---.----4----'----7----o‘
0595+ * : :

H H H H

05358 + : : '
04767+ : : +
041752+ : : '
035836+ : : .
02992+ : : +
02400+ ; : :
01809+ : : :
Lolzlr+ . H
.00626+ : : i
: . : i

: H » :
00034+ * » H H +

*'—-—f----*---—+---_*-n.—+n---+-,--,———-*-—n-+----@---1*-qw-’—---’o-u-+----*----'-—--'—---+—--nf—-uu{

si.ot 53,23 54,69 56.13 57,57 59,00 60,44 61,88 63,32 64,74 66.40

Concentration of exchangeable iron within the non-pyritic
coal fraction compared to percent fixed carbon (dmmf)

i Batch System

istics: .
irrelation (R)=- 0,04028 R squared - 0.00162 Stgnificance - 4.474%8

.4 err of est = n,02998 fntercept (a) = -l ua20 Slope (b) - U, tttudy
.otted values = 5 EXcludey valles= 0 Missing values = 15

‘wesxeq®u’ j§ printed jf a coeff{cjent cannot be computed,



Batch System

NONAME
.ergram of (down) TOTFE
52,53 5

351,00
125.39
199.60
173,90
248,20
122,50
190,80

371,190

BT R O R L L L T T R LR R LT ]

*
»
745,40 . »
*
»
319,70 *
294,00 »

R s e e e LD L L LR Lt D L L L rd Sedatulad Adulale Sadalaied Skl bt

51.81 53,25 54,69

Total iron

Batch System

tstics:

rrelation (R)= 0427166
i err of est = 2825,74345
atted values =~ 20

AT YT R T A

3.97 55,41 Sh 485 58.29 59

e s S Lt L R T Lt R L R DR e e S adadatl Skt ot 4

- " e -,
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(across) fFC
72

*

- - -

*

*

-y P

§ A8 80 80 EE NE UL K8 46 UG SS XA L SD UG SEun [ 5 PV V0 N NE AL O TS OE Fo 2N 0T R4 €2 6D | 0160 60 0408 S0 S0 UE A0 45 0 20 AR S0 R 2R
. B e 0 8e tu vE 45 48 089S 4B 26 25 ou 6848 | 448508 P4 a6 tu KT IO N IE N0 v 20 46 | 420 56 00N 04 60 46 S8 €4 54 48 00 0 64 S48

56,13 57.57 59,00 60,44 61.88 63,32

61,16 52.60 64,04

o " o S o B U P e - -

. P v U e B Y P T e -

64,76

65,48

*

P S U g I L E T T YT W YOSy PRy Py AT

P L L

66.20

(ppm) compared to percent fixed carbon (dmm£)

H squared - 0.07380 Significance
Intercept (a) = =4276.,23007 Slane (b)
Fxclinaeda values= 0 4issing values

is nrinted {t a coefficient cannot be computed,

U.17233u
1o1,6750%
V]
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ilatch LHysten

WUNAME
.erjran of (down} PY Lacross) FC
© 52.53 53.97 55.4.1 56.45 $9.29 59,12 6L.16 62.60 64.0% 65.48

e S A e e A D L R Rtk e el b S S St A b

1,46

1.69

A . ) e g e e e L e T T

Caas bA s A § A AN N BE 8 e SEIREE s ae ny ey as b be Al

»

0,34
»
»

it e N g dm e T o e ey

-+

. P e e e

»

Ll d

U,39

94 84 Ba ma b 64 B0 AN AL & Se BT AT BE b we rupn we o we mr 48 Bo b o4 Ge B is b S As 4e s L 4a 85 08 P 4 Ba sl B1Ne b o4 Be EE Y &

*
+-¢---q.-..--.,_.._u-+-.-_-‘...--..f-......-;--.._..g,-_--g,____..-_--..,»-—-,_---¢----+—---.--..-.-_--,,...---,..---..--..-. -———— 'ﬁo

.81 53,25 54,49 56,13 57.57 59,00 60,14 61.88 §3.32 64,76 66,

he es tn o8 e ey ok em e eoan wanada sa bd 48 | bi I8 0 gk Y 34 49 NI ee sete s o thar ] 40 N4 TR L T BA A IR FI U KB SN IT OV AT B

F P T T LR L L I T TR T R TR TE T RT IR TR AT RTRTR SRR X
P T T R TR LR TR LRL LR

W

Percent pyrite compared to per-
cent fixed carbon (dmmf)

Ratch Systes

istics:
rrelation (R)- 0.28657 R squared - G o812 SNl 1earge - 0,11629
1 err of est = ,47833 Tutercept (a) = - on 2579 slane (i) - datddon

ytted values = 24 EXCluaed vaiues= o mlisslna vaiues = Lo

‘anasnsms’ 1S Printed tt a coefticient canndt te coruuteld,
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latcn Systen

N AT
ergyran of Jawn) KS (agrnss) EC -
vt g{Veynd Kedd o, 55,41 5$6.85 58.129 59.72 67.16 62.60 64,04 55.48

0----—-0-_--'---_,----4---..-.--'----'--_-p--—-y--¢-q+q---§----._---,_-—-+----q—----;----f--—-¢‘---0_---¢ .

4l .40 ; » : : +
: : o
37.01 4 : H !
33,83 + : : +
30,01+ : : N '
26,19 + : : ;
22,38 & : : 3
: * : : * :
lu.9h + . - : M
: 3 H * H
14,74 ' : : '
10,92+ : : +
H - L : :
: . : : H
H + : H H
Tt [ " . : * +
H M -+ H H
HE H H :
H H - H u i
3,29 + : N : ‘
el LI P L L L Ll Pt bl kel Rl ] R Ll dah Rl b b Rl Ll A e e L TR L L R R Rebd Kbkt St kit s
51.81 53,125 54,69 56413 57.57 59,00 60.44 61.88 63.32 64.75 66. %0

Distribution coefficient, K, compared to percent
fixed carbon (dmmf)

Ratch Systes
stics:
relatrion (R)- 9,18519 R sgquared - v,03430 Significance - t.21780

i err of est - t1.37312 [afrercewt (a) = =1y, 40396 stope (o) - TR IO

stted values = 2 TRCLaURd vAaluesgs 0 “issling values = Bl

“eamenuwz’ i1s priated (t a coettictent Cannot ve coavutedt,
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#Batch System

NONAME
.ergram of ;dONHJ &G (across) MMG ;
79 9.23 10.60 12,09 13,52 14,95 16,38 17.91 19,24 20,67

F e T e N Lt St L P L L PR L s e L bR L L L LS St et Stk Sl bt S tninhh bl 4

190,30+ : : H
: : : "
: : : :
84,87+ : H :
179,44+ H
: : : :
174,01  + : :
mewmErrarSemsseeEENS et EEEeEaTecEmem e aYnf A — .- —————— remmmmn———— USSR -
154,59 & ; : H
H H * H H
363,15+ » : : +
: H : * H
H H * 3 H
157,72 & : :
: H : i
152,29 4 ; M ; :
: : : :
: : » : :
116,86  + ; i :
H H * * H H
141,43 4 H i :
: » H H * H
' * H H H
i : * : :
H L4 : w : :
136,00 += : : H
+----+--—-’----+--¢-+----0----+----+----Q-ww-'----*---—+-o--Q---—*an--*p--—+—---+—d--+----+n---*-u--{.
}.08 8,51 9,94 11.37 12,80 14,23 15,66 17,09 18,52 19,95 21,30
Distribution coefficient, K for Gluskoter et al.
data compared to percent fixed carbon (dmm¢f)
Batch System
.5tics:
"relation (R)= 0.41880 R squared - 0,17539 Significance = U,03710
| err of est = 305,760600 Intercept (a) = =20,15241 Slope (b) - 3d, 01473
tted values - 19 Excluded values= [+] Missing values = 1

‘anmuapns” jx printed {f a coefficient cannot be computed,



Batch System

NONAME

.ergram of 4édow\) kG

63,15
$7.72
52.29
46,86

41.43

H R B RS e B PR U NS o AT BA U 08 NG OT e S0 20 4E GAED o Co 40 G0 08 h 06 S5 40 01 4 2000 65 58 4 03 64 B0 40§ 80 4 Bu 05 4

36,00 4%

L L L L e L T R et et ainbh St Sttt e ddatet ittt St tadad adateded Saebdadek 4

57,485

4l.82 S1.16

Batch Systen

stics:

relation (R}~
err of est =
tted values =

52,83

L 3

*
*

54,50

36.18

B T T R L R T L R e LR R LRI L Ll e At e Ll L AL LR

*

*

*

59,52

930,30 » : H
* t :
84,87 : :
79,44 : :
; :
74,01 : :
@ o e S R B 8 e o e — -
68,58

D P N T PRI TR T

A P B e U e o g B v T A D O D A D o R i O U0 R S A T O D O T YR W e O e e S o e ke e g o o D e Dk D R

SE N Pe 00 G SE UG G0 B RY B0 B0 TE SO TO Su B
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FCG

(across) .
h,20 09.54 72.83 To.23 T9.57

02.R86

A AR R 28 58 9600 06 BP SO AN IS +5

4048 08 A% aB 08 06 na 08 taNe PR
B T T T R T S T P T R LI LY TRV T PR M i PP r Iy

LRI I

e s B L LT L
.

64,53 67.87 71.21 T4.96 71.90 Hledd

Distribution coefficient, K, for Gluskoter et al.
data compared to percent mineral matter

=0,02736
336.,58458
19

MEETTY R Y A

R syuared - 0,0007S sfgnificance - Uedn574
Intercept (a) = 542,.,03151 Slope (b) - -0, 99043
FExcluaed values= 0 Missing values = 1

1s printed {f a coefficlent cannot be caomputed,



