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WEATHERING OF SIDERITE (FeCO3;) FROM LIGNITE OVERBURDEN!
by

N. M. Frisbee? and L. R. Hossner3

Abstract. Acid/base accounting of minesoils and overburden can have
substantial errors using current analytical procedures. There is a
correlation between the presence of siderite (FeCOjz) and errors in
determining the neutralization potential and potential acidity of
overburden material. The effects of COp, Oz, and air on siderite
weathering were measured. Unoxidized siderite blocks were placed in
containers with HoSO,4 or potassium hydrogen phthalate (KHP), both at
pH 3.0. Carbon dioxide, Oy, or air was bubbled through the solutions.
The solutions were changed regularly and aliquots were analyzed by
atomic absorption for Fe. Unoxidized siderite and CaCOs were used in
pH-stat titrations to determine reaction rates at pH 3.0. lIron release
from siderite was influenced by gaseous environment and decreased in
the order: COj; > air > Op. lron release from siderite was slowed by
formation of iron oxide coatings on siderite surfaces in H2S04.
Siderite in KHP formed no coatings. Siderite reacts slowly with dilute
acid at room temperature but will react rapidly at modestly elevated
temperatures. This can result in errors in acid/base accounting
methods used for overburden and topsoil substitute evaluation when
siderite is present.

Additional Key Words: acid/base accounting, reclamation, iron oxides

1Paper presented at the 1989 Symposium Reclamation a Global
Perspective, Calgary, Alberta, Canada, August 27-31, 1988.

2Nellie M. Frisbee is a graduate student of Soil Science, Texas A&M
University, College Station, TX 77843

3L. R. Hossner is a Professor of Soil Science, Texas A&M University,
College Station, TX 77843

*Publication in this proceedings does not preciude the authors from
publishing their manuscripts, whole or in part, in other publication

outlets.

Proceedings  America Society of Mining and Reclamation, 1989 pp 597-606
DOIl: 10.21000/JASMR89020597

|_https://doi.org/10.21000/JASMR89010597



Richard
Typewritten Text
Proceedings America Society of Mining and Reclamation, 1989 pp 597-606
 DOI: 10.21000/JASMR89020597 


rbarn
Typewritten Text
https://doi.org/10.21000/JASMR89010597


598

Intr ion

Mining for lignite will disturb
large areas of land in Texas. It
has been estimated that one
million acres could be disturbed
by surface mining in the state and
would require reclamation to
restore the land to an acceptable
level of productivity (Hossner and
O'Shay, 1985).

Reclamation of surface mined
lands requires the identification
and treatment of potentially
toxic or acid forming material
(AFM) (Department of Interior,
1978; Railroad Commission of
Texas, 1983). Acid/base
accounting (Grube et al., 1971;
Sobek et al., 1978) of overburden
is being used. in Texas as a
criterium to evaluate the
suitability of material for
surface placement prior to
reclamation. If sampling and
chemical analyses are accurate
and the acid/base account is
positive, the material may be
suitable as a topsoil substitute.
If the acid/base account is
negative, the overburden may not
be suitable as topsoil or may
require amendments be added
prior to its use.

Preliminary work (O'Shay,
1982) indicated a relative
abundance of siderite (FeCOg3) in
Texas overburdens and
difficulties in accurately
determining acid/base accounting
when this mineral was present in
the sample. This could result in

potentially acidic overburdens
having acceptable acid/base
accounting values when analyzed
in the laboratory.

Acid/base accounting, as used

by the Texas Railroad
Commission, is the difference
between the acidic plus acid

forming and basic constituents in
the sample. It is determined by
subtracting the potential acidity
(PA) and exchangeable acidity
(EA) from the neutralization
potential (NP).

A/B Accounting =
NP - (PA + EA) (1)

The NP can be determined by
treatment of the sample with
acid followed by titration of the
excess acid with standard base
(Sobek et al., 1978). An
alternative procedure for
determining NP has been proposed

by the Texas Railroad
Commission. Neutralization
potential is calculated after
determining the inorganic

carbonate content and the cation
exchange capacity (CEC).

NP = CaCOj + 0.2 CEC (2)

Inorganic carbon can be
determined by the method
described in Allison and Moodie
(1965) or Bundy and Bremner
(1972). The overburden is treated
with an excess of acid and CaCOs
calculated from the amount of
carbon dioxide evolved.
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Potential acidity is normally
determined by one of three
methods. 1) The total sulfur
content of the overburden can be
measured by dry combustion in an
induction furnace followed by
iodometric titration (Sobek et al.,
1978). All sulfur is assumed to
be due to pyrite so the PA can be
calculated based on the
stoichiometry of pyrite oxidation;
2) the ASTM (1968) method which
is based on non-pyritic Fe and S
being extracted with HCI
followed by selective dissolution
of pyrite with HNOsz. The PA is
calculated from the amount of Fe
or S associated with the pyrite;

and 3) pyrite is determined
directly by H>O 5 oxidation
followed by titration of H*

produced- by oxidation of the
pyrite to iron oxide and H2SOy4
(Grube, 1971; O'Shay, 1982). Any
carbonates are assumed to be
removed by an acid soak.

Siderite, if present in the
sample, can interfere with
determination of the acid/base
accounting in several ways.
Siderite reacts slowly with acids
at room temperature to release
CO»,. If the acid neutralization
method is being used, an error is
introduced due to neutralization
of the acid by siderite:

FeCO3 + 2HCI =
FeCls + H2O + COs (3)

Carbon dioxide is also given off in
this reaction so direct

determination of CO» to calculate
CaCO3 content can be in error.

Pure siderite weathers to
form goethite, FeOOH (Dixon et
al.,1982). Also formed are
amorphous iron oxyhydroxides
(Postma, 1983) and hematite,
FeoO3 (Seguin, 1968). Siderite

oxidizes according to the
following equations (Lindsay,
1979).
FeCOs + 2H* =

Fe2+ + COs + H>0 (4)
Fe2+ = Fe3+ + e” (5)

3H20 + Fe3t+ = Fe(OH)z + 3H+  (6)

FeCOa + 2H20 =
Fe(OH)s + COz + HY + &= (7)

The net reaction of siderite
oxidation is acidic rather than
basic due - to oxidation and
subsequent hydrolysis of Fe.
Therefore, the presence of
siderite in samples used for
determination of NP for acid/base
accounting can result in a
substantial error due to the
initial reaction (Equation 4).
However, in nature where the
reaction is allowed to go to
completion, the net reaction is
expected to be acidic (Equation
6).

idation of Sideri

Seguin (1966) documented the
time required for siderite
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dissociation. A grain size of
less than 300 mesh would take
approximately 35 years and a
grain size between 60 - 100 mesh
would take approximately 370
years to dissociate in air at room
temperature. Under conditions of
temperature and acidity used to
determine NP, siderite would be
expected to react rapidly and
elevate the level of inorganic
carbonates detected in the
overburden. This would result in
a higher NP than actually exists
and could lead to the conclusion
that the overburden material may
have a suitabie acid/base account
when in reality the account could
be negative.

Objective
The objective of this study
was to determine siderite

weathering as measured by
solution Fe when incubated in
acid solution under varying
gaseous environments.

Materials_and Methods

The siderite used in this study
was collected from unoxidized
surface mine overburden. The
fresh siderite was placed in a
plastic bag and stored in a
freezer until used in this study.

The siderite sample was
characterized by X-ray
diffraction (XRD) (Figure 1) and
chemical analyses. The XRD
patterns were evaluated using the
Mineral Powder Diffraction File

(1980). Based on the XRD pattern,
the sample used in this study
contained siderite and a small
amount of quartz. All of the
siderite pieces used in the Fe
release study were cut from a
single siderite rock. The siderite
rock was cut into blocks
approximately 1 x 2 x 0.5 cm in
size. The blocks were ground to a
uniform surface area then freeze
dried and weighed.

The rate of iron release was
determined by placing freshly
prepared blocks into solutions of
potassium hydrogen phthalate
(KHP), pH 3.0, or HoSO4, pH 3.0.
Carbon dioxide, Op, or air was
bubbled through the solution to
maintain a constant gaseous
atmosphere. The solutions were
changed regularly to maintain a
pH below 4.5. Initially, 100 mis
of solution were added to each
container. To insure pH values
below 4.5 at all times, it was
necessary to increase the amount
of solution to 200 mi. The HsS O,
solutions were changed daily and
the KHP solutions were changed
every 48 hours and an aliquot was
saved for Fe analysis on a Perkin-
Elmer Atomic Absorption
Spectrometer (model 603).
Solution pH was checked every 12
hours for the first 15 days and
every 24 hours on all samples
after 15 days.

The rate that siderite and
CaCOj3 neutralized HsS0O4 was
determined by pH-stat titration.
A sample of the fresh siderite
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was crushed and sieved. The
sample was freeze dried and
stored in a helium purged
desiccator until analysis. A 20
mg sample of siderite or CaCOs;,
crushed finer than 74 um, was
titrated with 0.5 N HoSQO4 A
Copenhagen Radiometer automatic
titrator equipped with an
extended time pH-stat unit was
used. Nitrogen purge gas was
injected above the solution to

prevent a build up of CO,. The gas
was first hydrated to reduce
evaporation of the sample
solution.
Results
Iron release from siderite
S = Siderite
Q = Quartz
Siderite /| \A B !
] ! | I
1 i ] [
[ : I '
1
: b
A
Reagent /)
FeCO3 ¢ 1 4t
n M w0 9]
~ N o =
- - - (N
Figure 1.

blocks was carried out at ambient
laboratory temperature. The
temperature in the laboratory
was 24 T 2° C except during the 7
to 13 day period when the
temperature increased to about
29° C due to an air conditioning
failure. Daily iron release from
siderite in the KHP solutions
nearly doubled during this period

(Figure 2). Iron release from the
H2SO4 solution increased only
slightly.

The siderite blocks incubated
in HxSO4 solution formed an
insoluble Fe3+ oxide on the block
surface. As the Fe2+ released
from the siderite weathering

I
1
¢))
)

0]

XRD patterns of siderite compared to reagent FeCQOj;.

The d-spacings are given in angstroms.
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Figure 2. Iron release from

siderite over a 30 day period in
sulfuric acid or in potassium
hydrogen phthalate (KHP) when
incubated in air.

comes in contact with an electron
accepter; it is oxidized (equation
5). The Fe3+ then forms an oxide
(equation 6) and precipitates
(Schwertman and Taylor, 1977).
Siderite blocks incubated under
air in HoS04 had a bright red Fe
oxide surface coating on the
fourth day of the experiment.
Based on the color this was
assumed t0 be a coating of
hematite. By day 12, siderite
blocks wunder air and O
atmospheres in HxSO4 were a dark
red color. The blocks under CO»
had a brown coating. Data
presented in Table 1 show the
samples, treatments, and the
color of the surface of the block
surface. Munsell colors of the
block surface were determined on
day 30 of the study. All colors
were defermined on wet samples.

Table 1. Munsell colors for the
the surface of siderite blocks
incubated in HoSO4 or potassium

hydrogen phthalate (KHP) under
O2, COz or air at 30 days.
GAS SOLUTION COLOR MUNSELL
02 H2S04 dark reddish brown 5YR3/4
02  H2S04 dark reddish brown 5YR3/4
02 KHP gray 5Y5n1
02 KHP dark gray 5Yan
Air  H2504 yellowish red 5YR4/6
Air  H2504  dark reddish brown 5YR3/4
Air  KHP dark gray 5Y4/1
Air  KHP gray 5Y5/1
CO2 H2S04 dark brown 7.5YR4s4
CO2 H2S04 strong brown 7.5YR5/6
Co2 KHP gray 5Y5/1
CoO2 KHP dark gray 5Y41

Sample surfaces incubated in
KHP were gray to dark gray

regardless of incubation
atmosphere; this is the color of
unoxidized siderite (Mason and

Berry, 1968). The KHP is buffered
and maintained a pH near 3. In
addition, the phthalate ion
(HCgH40 4-) is capable of
complexing Fe to some degree.
Therefore, the Fe remains in
solution instead of precipitating
as Fe oxides on the siderite
surface.

Siderite samples in H,SO4 and
incubated under a COo»
atmosphere, had coatings with
Munsell colors that corresponded
to colors for lepidocrocite,
goethite and ferrihydrite
(Schwertmann and Taylor, 1977).
When Fe3+ salts are hydrolyzed
rapidly at room temperature,
ferrihydrite formation is favored.
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The solubility of ferrihydrite
increases with decreasing pH and

goethite forms from the
dissolution of ferrihydrite in
increasing amounts with

decreasing pH. Lepidocrocite and
goethite are polymorphs with
goethite having the highest
stability. High concentrations of
C O, favor the formation of
goethite over lepidocrocite
(Schwertman and Taylor, 1977).
Senkayi et al. (1989) found that
goethite formed from siderite in
a 0.1 N HoSO,4 solution when
gaseous mixtures of CO> and O
were bubbled through a boiling
suspension. It is most likely that
the blocks incubated under an
atmosphere of CO. are coated
with goethite.

The coatings on the siderite
blocks, incubated under air and O
environments had Munsell colors
that correspond to lepidocrocite
and ferrihydrite (Schwertmann
and Taylor, 1977). It was
concluded that the precipitate
coating the blocks was
ferrihydrite.

Over time, solution pH values
increased less between solution
changes so the siderite was
remaining in a more acid
environment over a longer period
of time (Figure 3). The amount of
Fe release increased slightly at
the lower pH values. This
indicates that Fe release from
the siderite was being decreased
by the iren oxide coating.

(KHP)

Days

Figure 3. Daily pH of H,SO4 and
potassium hydrogen phthalate
solutions containing
siderite incubated in air.

Cumulative Fe release from
siderite as influenced Dby
incubation solution and gaseous
environment is shown in Figure 4
for KHP and in Figure 5 for HoSOj,.
The siderite samples in KHP had
greater loss of Fe compared to
HoS Og,. Of the three gas
treatments, siderite in KHP under
a COy atmosphere had the highest
release of Fe. Siderite under O»
in H» SO 4 had the lowest Fe
release.

The Fe oxide coating formed on
the surface of siderite in the
HoS04 solutions appears to slow
the rate of Fe release compared
to the uncoated KHP samples.
Solution pH values in air and Os
treatments were similar.
Siderite in air developed an Fe
oxide. coating before siderite in
O, followed by siderite in CO»,
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Figure 4. Cumulative iron loss
from siderite incubated for 30
days in potassium hydrogen
phthalate (KHP) solution under
CO2, air or 02.
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Figure 5. Cumulative iron loss
from siderite incubated for 30
days in H2SO4 solution.under COp,
air or Os,

The higher rate of Fe release

from siderite under CO2 is

apparently due to the production
of carbonic acid (HCOsz) and
greater buffering capacity of the
solution.
COs + HoO = HaCO3 (8)
FeCOsz + HoCO3 =
Fe2+ 4+ 2HCOj3- (9)

Reaction of < 74 um CaCO3 and
siderite at pH 3.0 is presented in
Figure 6. All of the CaCOs3 was
neutralized in about 30 minutes
It took over 28 hours for the pH-
stat titration of 20 mg siderite
to approach 50 % completion.

100#—.

L —o— FeCO,
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0 10 20

Time (hours)

Figure 6. Percent carbonate
consumed during the pH-stat

titration of < 74 um siderite and
calcium carbonate at pH 3.0.

Conclusions
1. Iron release from siderite in

acid solutions was influenced by
gaseous atmosphere and
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decreased in the following order:
COs > air > Os,

2. Iron oxide coatings formed on
the surface of siderite when
incubated in HpSO4 solutions
initially at pH 3.0 under
atmospheres of air, O and COs.

3. Iron oxide coatings did not
form on siderite incubated in
solutions of KHP buffered at pH
3.0.

4, lron release from siderite in
H2S5 0,4 solution was slowed by
formation of Fe oxide coatings.

5. Reaction of siderite with
dilute acid is slow at room
temperature but rapid at elevated
temperatures resulting in errors
in acid/base accounting methods
used for topsoil substitute
evaluation.
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