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Abstract

Peat is a mixture of compounds formed by the decomposition of plant residues and mineral
materials that have accumulated at the bottom of ponds and flooded depressions in riverine
areas. Due to their extreme heterogeneity and natural variety, the physical and chemical
properties of peat can vary widely within or between deposits, and the characterization of
isolated samples is still a challenging task that requires the combination of several chemical
and spectroscopic methodologies. In this study, the structural characteristics of two Brazilian
peat samples were evaluated using scanning electron microscopy (SEM), elemental (CHNS-O)
and thermal (TGA) analysis, X-ray diffraction (XRD), and infrared (FT-IR) and solid-state
3C nuclear magnetic resonance (*C NMR) spectroscopies. Although the samples originated
from the same peatland, the data showed that the studied samples have distinct chemical
properties and that the stage of decomposition played an important role in the differences

observed.
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Introduction

Organic matter (OM) found in the environment (soil, peat, sediments, water,
atmospheric aerosols) plays a crucial role in the chemical and physical processes of its
surrounding region. OM performs a central role in the fate of anthropogenic contaminants,
acting as adsorbents, ligands, and catalysts in redox and photochemical reactions. Thus, it is
generally recognized that the identification and characterization of OM components is
essential for understanding its chemical and geochemical processes [1-3].

Peat is an organic material (< 25% by weight mineral matter) that ranges in color
from blond to black and is usually formed in regions where there is a lack of oxygen and where
the accumulation of OM occurs more rapidly than its decomposition [2, 4-6]. Under these
conditions, a deposit of OM can reach thicknesses of several meters and occupy large areas,
constituting a peatland.

More than 90% of peatlands are located in temperate and cold regions. These regions
compose a significant portion of the land surface in many regions of the world, with mineable
resources totaling over one billion metric tons [7]. The largest peat deposits are found in the
Northern Hemisphere, but significant reserves have been discovered in Brazil, Indonesia, and
other subtropical regions. In Brazil, specifically, peat deposits are primarily found in coastal
and river floodplains with reserves located in the Santa Catarina and Rio Grande do Sul states.

These materials are composed mainly of lignin, cellulose, and humic substances,
presenting functional groups such as carboxylic acids and phenolic or alcoholic hydroxyls
which improve the adsorption of organic molecules and the complexation of metal ions

[7-10]. In light of these characteristics, peat represents a powerful natural adsorbent for the
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remediation of contaminated waters and may feature other analytical applications [8]. Thus,
due to their extreme heterogeneity and natural variety, the chemical properties of peat can vary
widely among different deposits, and the characterization of isolated peat samples and their
manifold effects remains a challenging task in environmental analytical chemistry, requiring
efficient combinations of several chemical and spectroscopic methodologies.

Several methods have been proposed for the classification of peat [11-14]. The
method of von Post [14], which is the most widely used, classifies peat using a simple
hand-squeeze test and an examination of the material to describe the wetness, level of decay,
and the fiber and shrub constituents. The level of decomposition of the material is classified by
determining a humification number (H,) between 1 and 10, where H; refers to a peat that has
undergone no decomposition and Hj is a peat that is completely decomposed.

This method, although it is still widely used, particularly in northern Europe, suffers
from two shortcomings. First, it is subjective in its application, and second, there are too many
described categories. However, modern classification systems, including soil taxonomy, have
adopted the principle of using decomposition stages to characterize peat materials. In soil
taxonomy, the von Post scale has been narrowed down to three stages, namely the fibric, hemic
and sapric types, which are quantitatively defined by the analysis of fiber content and size to
remove the subjective bias [15]. Other morphological criteria, including the color, amount of
mineral matter, structure and thickness of the deposits, are used in modern systems to
characterize peat.

In this sense, the aim of the present paper is to describe the structural properties of two

peat samples which were collected from a peatland located in the southern coastal zone of
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Brazil. The analysis was carried out by applying a new multi-method approach, including
scanning electron microscopy (SEM), elemental (CHNS-O) and thermal (TGA) analysis,
X-ray diffraction (XRD), and infrared (FT-IR) and solid-state *3C nuclear magnetic resonance

(**C NMR) spectroscopies.

1 Material and methods

1.1 Study area and sampling

The studied peat samples were collected from a peatland situated in the municipality
of Balneério Arroio do Silva (Santa Catarina State, southern Brazil) (Fig. 1) by scraping at
approximately 10 cm below the soil surface with the help of an aluminum shovel. The two
sampling points are situated in a region where the incidence of vegetation is dominated
mainly by mosses and other bryophytes, sedges, grasses, shrubs and small-sized trees.

The preliminary classification of the samples was carried out in situ using the
method proposed by von Post (1924). According to this author, the first sample (hamed PS—1)
was classified as H; (presence of material with very faintly recognizable plant structure.
When squeezed, about one-half of the peat escaped between the fingers. The water released
was very dark and almost pasty) and the second sample (named PS-2) as H3 (when squeezed,
released muddy brown water, but from which no peat passed between the fingers. Moreover,
plant residues remain still identifiable), respectively.

After sampling, the peat samples were stored in air-sealed plastic bags at 10°C.
Upon reaching the laboratory, the material was freeze-dried at — 40 °C during 7 days, being

subsequently placed in a vacuum oven at 25 °C until a constant mass was achieved. This
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drying step is very important prior to the analysis since the peat usually has a high water

retention capacity.
1.2 Scanning electron microscopy (SEM)

The SEM images of PS-1 and PS-2 samples were obtained with a Shimadzu
SM4-550 scanning electron microscope operating at 15 keV. The peat samples were
previously coated with a thin gold layer in a diode sputtering system for 10 min before

analysis.
1.3 Elemental analysis (CHNS-O) and ash content

The elemental composition of PS-1 and PS-2 samples was determined using a
Carlo Erba 1100 CHNS elemental analyzer. Relative quantities of C, H, N and S were
measured directly with the analyzer. Oxygen contribution was estimated as the difference
between 100% and the summed concentrations of C, H, N and S.

The ash content was determined by ignition of peat samples (~ 1.0 g) at 550 °C for
4 h. In both cases (elemental analysis and ash content), the peat samples were analyzed in

triplicate.
1.4 Thermogravimetric analysis (TGA)

TGA curves were recorded using a Shimadzu TGA-50 thermogravimetric analyzer.
The PS-1 and PS-2 samples (~10 mg) were placed in platinum crucibles and heated
continuously from 25 °C to 900 °C under an atmosphere of nitrogen (gas flow 50 mL min™)

at a heating rate of 10 °C min™ [16].



1.5 X-ray diffraction (XRD)

XRD measurements were performed on representative powdered peat samples using
a Shimadzu XRD-6000 X-ray diffractometer operating at 40 kV and 30 mA. Diffraction data
were collected at room temperature in the Bragg—Brentano 6-260 geometry with CuKa
radiation (A = 1.54056 A). The scanning covered the 5-80° range with step angle of 0.05°

and an integration time of 1.5 s.

1.6 Fourier-transform infrared spectroscopy (FT-IR)

FT-IR spectra were recorded on a Thermo Scientific Nicolet 1S10 spectrophotometer
with a resolution of 4 cm™ from 4,000 to 400 cm™. Pellets were prepared by pressing a

mixture of 5 mg of peat sample and 95 mg of KBr (spectroscopy grade) [17].

1.7 Solid-state CP-MAS *3C nuclear magnetic resonance (**C NMR) spectroscopy

The solid-state *C NMR spectra for the PS—1 and PS—2 samples were obtained with
a Brucker AMX 500 MHz Avence spectrometer operating at a frequency of 125.75 MHz and
using approximately 100 mg of sample in a 4 mm rotor. The contact time was 1 ms, and the
repetition time was 5 s. Sample spinning at the magic angle was carried out at a frequency of
7 kHz, and a 90° pulse width (4 ups) was applied to the protons. The techniques of
cross-polarization/magic angle spinning (CP-MAS) were used in all sequences to obtain
spectra with an optimal resolution. Each spectrum contains approximately 20,000 transients.
The reference at 0 ppm was set using Si(CH3),. Chemical shifts were assigned according to

Swift [17]: alkyl-C from 0 to 65 ppm; O-alkyl-C from 65 to 110 ppm; aromatic-C from 110 to
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140 ppm; phenolic-C from 140 to 160 ppm; carboxylic-C from 160 to 190 ppm and
carbonyl-C from 190 to 220 ppm.

Prior to obtaining *C NMR spectra, the peat samples were purified using the
method adapted by Skjemstad and collaborators [18] in order to remove any paramagnetic
compounds and to dissolve the hard acid species that could be present in the structure of the
samples. This procedure consisted of seven successive treatments with a 2% (v/v) aqueous
solution of HF. Each treatment involved shaking approximately 5 g of the sample in 50 mL of
the acid solution for 1 h (six times) and then 24 h (once). Between treatments, the samples
were centrifuged, and the supernatant was discarded and replaced with a new acid solution. In
the final treatment, the peat samples were washed with deionized water and then dried using

the same procedure described in the section “Study Area and Sampling”.

2 Results and discussion

2.1 Morphological Analysis

Peat morphologic characterization by SEM has frequently been described in the
literature [19-22]. In general, the observed material is an assemblage of decaying plant
cellular structures interconnected with frequent fibers in a less decayed state. In this study, the
samples were investigated to analyze the distribution and dispersion of particles and the
surface morphology of these natural adsorbents. The SEM micrographs of the PS—1 and PS-2
samples are shown in Figs. 2 and 3, respectively. At a low magnification level (Fig. 2a and
3a), the two peat samples exhibited similar morphologies and comprised particles of varying

sizes (from 5 to 150 um) and thickness (2 to 50 um).
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Regarding the aggregation levels, the major differences can be better detected when
the SEM micrographs are observed at relatively high magnifications (Fig. 2b and 3b). In this
case, it can be verified that the PS—1 aggregates are highly compact, with a globular-like
structure, while the PS—2 aggregates show a predominant fiber-like structure. This latter
structure (in the specific case of the PS—2 sample) is in agreement with its classification (von
Post, 1924), where the plant remains may be recognizable.

Finally, a closer view of the SEM images (Fig. 2c and 3c) reveals that the elementary
structures present in the surface of the PS-2 sample (Fig. 3c) are significantly connected,

creating a type of open cellular structure, and that has not been evidenced in the PS—1 sample.

2.2 Elemental analysis

The elemental composition, atomic ratios (H/C and C/N) and ash contents of the
studied peat samples are shown in Table 1. The values obtained here were, in general, within
the ranges reported in the literature [4, 8, 20, 23, 24]. The PS—1 sample had higher percentages
of nitrogen and oxygen, while PS—2 had a greater concentration of carbon and hydrogen.

Due to their complexity, information on the elemental composition of OM is not
especially conclusive, and the atomic ratios have been preferentially employed in peat studies.
The H/C ratio has frequently been associated with the degree of aromaticity, lower H/C values
indicate a greater quantity of aromatic moieties in the peat core [4, 23, 25]. As can be observed
(Table 1), the H/C ratios were slightly different between the two samples, suggesting a greater
proportion of condensed structures in the PS—2 sample, and consequently a greater quantity of

aromatic structures, in relation to the PS-1 sample. The PS-2 sample, being a more recent
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material (i.e., less decomposed), is composed mainly of lignin-derived residues that have not
been fully degraded.

The C/N ratio, on the other hand, has been considered an index of the possible
microbial activity because microbial communities need at least a C/N ratio of 30.0 to carry
out the organic material decomposition [24]. Kuhry and Vitt [26], in fact, showed that
decreased C/N ratios indicate increased peat decomposition and vice versa. Following this
reasoning, the data in Table 1 confirm that the PS—1 sample is more decomposed than PS-2
sample, the N enrichment in the PS-1 sample being related to a greater incidence of
microorganisms, including bacteria, fungi, and actnomycetes, at this stage of decomposition
[24, 26].

Finally, the elemental analysis results reinforce the hypothesis that the peat samples of
this work likely originate from vascular plant material rather than algal or bacterial. As
previously mentioned, the sampling sites receive OM mostly from terrestrial sources, and for

this reason, these trends were expected.

2.3 Thermal analysis

The mean progression of the combustion profile and the limits of different
temperature ranges delineating the phases of thermal degradation of PS-1 and PS-2 samples
are shown in Fig. 4. The results concerning the weight loss and the residual mass at 900 °C are
contained in Table 2.

As can be observed, the profiles are similar between the two studied peats. In general,

thermal degradation proceeds through three main steps. The first stage occurs in the
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temperature range of 25-155 °C and corresponds to the dehydration of these materials, being
accompanied by an average weight loss of approximately 2.0%.

The second stage can be observed in the temperature range of 155-380 °C, which is
accompanied by weight losses of approximately 24%. The temperature value corresponding to
the peak that appears in this region was also similar for both peat samples. According to several
authors [4, 27-29], this peak is considered to be the result of thermal combustion of
polysaccharides, decarboxylation of acidic groups, dehydration of hydroxylate aliphatic
structures and the generation of low molecular weight alcohols.

In the third stage, the PS—1 and PS—2 samples showed a “discrete” peak at 432.8 °C
and 425.8 °C, which was accompanied by weight losses of 20.4% and 25.1%, respectively.
This thermal event has been frequently related to the degradation of aromatic structures and
cleavage of C—C bonds which are more resistant to thermal degradation [27, 30]. In the samples
studied, the weight loss associated with this region suggests a more aromatic character for the
PS—2 sample. The results observed in the second and third stages of thermal degradation seem
also to be corroborated by the elemental analysis.

At higher temperatures (above 615 °C), it can be noted that peat samples displayed no
prominent peaks. The weight loss remains steady, without further observable features, until the
highest temperature was reached. The residual mass at 900 °C was higher for PS—1 (42.3%), as
this sample has a large amount of mineral compounds (as quartz, feldspar and clay) in its
structure. This finding was corroborated by XRD and FT-IR data, which revealed a remarkably

high presence of these materials in this sample.



12

The slight variability associated with the weight loss values for the two samples from
the same origin is probably related to the environmental conditions and type of organic
material that occur during decomposition. All these variables can markedly alter the structure

and physico-chemical features of peat samples.

2.4 XRD analysis

Detailed examination of the mineralogy of peat samples using XRD is shown in
Fig. 5. The diffractogram of the PS—-2 sample shows a wide hump between 10° and 30°,
highlighting the amorphous matter that includes vitreous phases and gels [31]. The amorphous
nature of this peat sample is in agreement with its earlier degree of decomposition, as it is
composed of residual matter plant, decay products, and other substances produced mainly by
bacteria [32].

The diffractogram of the PS—1 sample, on the other hand, reveals several sharp
diffraction peaks superimposed on a background. The mineral phase analysis of the Bragg
peaks shows that the major minerals in the PS-1 sample are quartz, feldspar (K-spar and
Anorthite) and clay. This finding is consistent with those observed for peat samples from other
sources [31] and is supported by the FT-IR analysis of this sample.

In general, powder XRD allows for the identification of crystalline phases that
compose more than 5-10% of the soil. Minor soil constituents, such as iron oxides and
hydroxides, and amorphous phases can be detected by XRD of a whole soil sample, but their

identification is not evident, as in the case of these peat samples.

2.5 FT-IR spectroscopy
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The application of FT-IR spectroscopy to solid organic phases provides information
about the nature, reactivity, and structural arrangement of oxygen-containing functional
groups, the occurrence of protein and carbohydrate constituents, the relative proportions of
aromatic versus aliphatic moieties, the presence or absence of inorganic impurities, and the
evolution of organic materials with depth [9, 33].

Fig. 6 shows the FT-IR spectra of the studied peat samples. Both spectra are
characterized by a number of absorption bands that exhibit variable relative intensities, typical
of natural OM [9, 23, 24, 33, 34]. It can be also observed that the spectra of the two peat
samples are very similar; however, some slight differences become evident when these spectra
are analyzed in detail mainly in the region between 1200 and 400 cm™. FINALIZAR DE
ACORDO COM O REVISOR 2!

A broad band at approximately 3400 cm™, which is generally ascribed to O—H and
N-H stretching of various functional groups, is present in both spectra being very similar for
the two samples. This behavior was also been observed in relation to the absorption bands that
appear in the region between 2920 and 2850 cm™ and which are associated with asymmetric
and symmetric C—H stretching of the CH3 and CH, groups of aliphatic hydrocarbons [9, 23,
24, 33], respectively. According to Chapman and collaborators [35], these functional groups
are present in the main components of waxes of terrestrial vascular plants.

The third feature found in the FT-IR spectra is related to the two absorption bands at
approximately 1720 and 1620 cm™. The first band, which is similar in both samples, has been
attributed to the C=0 stretching of carbonyl functions, particularly aldehydes, ketones and

carboxyl groups. The second band, on the other hand, has frequently been ascribed to C=C
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bonds of the aromatic rings [9, 23, 24, 33], being much more pronounced in the spectrum of
the PS—2, suggesting a greater amount of lignin-like residues and consequently a great amount
of aromatic moieties in its structure in relation to PS—1 sample. This result is also supported
by elemental analysis and TGA data.

Another interesting difference is associated with the small and discrete absorption
band occurring at approximately 1515 cm™. As seen in Fig. 6, this band is better defined in
the spectrum of the PS-2 sample, being only a very weak shoulder in the spectrum of the
PS—1 sample. The same has been assigned to aromatic skeletal vibrations, usually related to
lignin-like residues [33]. As revealed by SEM analysis, the PS-2 structure contains a greater
amount of plant tissues that are not completely degraded, which may explain this tendency.

In the region between 1450 and 1230 cm™, where the absorption bands are due to
O-H deformations of phenolic and aliphatic groups and C-O stretching of ethers and/or
carboxyl groups [9, 23, 24, 33], there are no relevant differences between the two samples.

Examining the region between 1070 and 1030 cm™, the PS—1 sample shows a strong
band at approximately 1035 cm™. This assignment has been generally attributed to the C-O
stretching of polysaccharide or polysaccharide-like substances and the Si—O stretching of
silicate impurities [9, 23, 24, 33]. Likely, in the PS-1 sample, this band has a direct
correlation with impurities like silicate, as the diffraction peaks for this kind of compounds
were observed in the XRD analysis. This impurity content in peat samples depends on its
degree of decomposition. There are two explanations for the elevated silicate content in
highly decayed peat. The first explanation is that the more effective the breakdown of OM,

the greater the enrichment of inorganics in the peat itself. The second explanation is that more
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decomposed peat grows with a slower rate [33]. This result is also corroborated by the bands
that appear in the region between 900 and 450 cm™ in the spectrum of the PS—1 sample (Fig.
6), which are typically associated with Al-Al-OH (914 cm™), AI-O-Si (531 cm™) and
Si—O-Si (467 cm™) deformation and Si—O stretching (795, 779 and 691 cm™) vibrations in
clay minerals and oxides [36], indicating a larger contribution of the mineral matrix in this
sample.

In summary, these results are all consistent with the presence of cellulosic,
hemi-cellulosic, lignocellulosic, and lignin-derived structures as well as other by-products
derived from plant materials at various stages of decomposition in the peat core of the two

samples.

2.6 *C NMR spectroscopy

The **C NMR spectra of the peat samples are shown in Fig. 7. In a general way, the
spectra show similar characteristics, presenting signals that can be associated with the different
functional aliphatic (C—H, C—N, O—CHgs, polysaccharides) and aromatic (C—H and phenolic
groups). The observed peaks have been frequently reported by other researchers who have used
3C NMR to study and characterize different types of OM [1, 16, 23, 26, 37, 38].

The use of CP and MAS techniques resulted in spectra that were better resolved,
thus allowing their division into six main regions that were assigned to alkyl-C (R; = 0-65
ppm); O-alkyl-C (R, = 65-110 ppm); aromatic-C (R; = 110-140 ppm); phenolic-C (R4 =
140-160 ppm); carboxyl-C (Rs = 160-190 ppm); and carbonyl-C (R¢ = 190-220 ppm) [16,

23, 27]. The relative areas of the different carbon classes that were present in the studied
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samples are shown in Table 3.

The aliphatic C region (R;) is dominated by the peaks at 18, 30, 33 and 55 ppm,
which arise from the alkyl carbon components, such as methyl, methylene, and methine
carbons. The peak centered at 33 ppm is well defined and prominent in both spectra,
suggesting a relatively high amount of aliphatic components in their structures. The
well-resolved peaks at 18 and 55 ppm in the PS—2 *C-NMR spectrum have been frequently
associated with the terminal methyl groups and methoxy groups of lignin, respectively [1, 39].
This result is also corroborated by the elemental analysis and FT-IR spectra.

In the O-substituted alkyl C region (Ry), two well-resolved peaks at 72 and 104 ppm
are evident in the spectra of the peat samples. The peak at 72 ppm is thought to correspond to
the carbon rings of polysaccharides, and the signal at 104 ppm has been attributed to
anomeric carbons in polysaccharides [23, 40]. This latter resonance may also indicate the
non-protonated aromatic carbons in tannins [41]. The percentage of O-substituted alkyl C in
this region was similar to PS—1 and PS—2 samples.

In the 110-140 ppm region (R3), the peaks at 116 and 129 ppm have been attributed
to unsaturated carbons or to aryl-C with protonated aromatic carbons [16, 23, 27]. The values
found in this study (11.1% for the PS—1 and 14.8% for the PS-2) were relatively low and
show that the PS—2 sample has a higher degree of aromaticity, which is also corroborated by
the band observed in the FT-IR spectrum at 1515 cm™. As mentioned above, this band is
related to the vibrations of the aromatic skeletal vibrations, usually related to lignin-residues,
confirming that the OM present in the PS-2 sample is more recent (i.e., less decomposed)

than that in the PS—1 sample.
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In the regions between 160-190 ppm (Rs) and 190-220 ppm (Rg), all peat samples
exhibit a peak at approximately 172 ppm, which is characteristic of carboxyl, amide and ester
functionalities [16, 23, 27]. The percentage of C in this region is higher for the PS—1 sample
than the PS—-2 sample, indicating once again that the OM in the PS-2 is at a less advanced
stage of decomposition than in the PS—1 sample. All of these results are consistent with data

from the elemental, thermal and infrared analyses.

3 Conclusions

We investigated and characterized two peat samples which were collected from a
peatland situated in the Santa Catarina State (southern Brazil).

The results obtained by a multi-method approach using SEM, CHNS-O, TGA, and
XRD, FT-IR and **C NMR spectroscopies are basically in agreement with each other, and
indicated that PS—1 sample is more decomposed than PS-2 sample.

Although the samples originated from the same peatland, the data showed that they
have distinct structural characteristics due to variable inorganic and organic material contents

and, consequently, to their degree of decomposition.
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Table Captions:

Table 1 Elemental composition, atomic ratios and ash contents of the studied peat samples.
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Samples C (%) H (%) N (%) S (%) O (%) *? H/C® C/N°¢ Ash content (%)
PS-1 44.22+0.26 4.15%+0.08 1.60 £ 0.03 0.00 50.02 1.12£0.03 32.15+£0.52 9.02+0.17
PS-2 56.49 + 0.05 5.07 £0.06 1.31+£0.04 0.00 37.13 1.07£0.01 50.17 £1.34 7.15+0.26

®By difference of mean values;
PH/C = [(%H / 1.008) / (%C / 12.01)];

°C/N = [(%C / 12.01) / (%N / 14.00)].

Table 2 Results of the TG analysis of the studied peat samples.

Weight loss (%)

Samples

Residual mass at

First stage Second stage Third stage Fourth stage 900°C (% )
25-155°C 155-380°C 380-615°C 615-900°C
PS-1 1.0 24.7 20.4 11.6 42.3
PS-2 1.8 23.4 25.1 15.9 33.8




Table 3 Integrated areas of the main signal regions of the **C NMR spectra of the studied peat samples.

R R2 Rs Ry Rs Re
Samples
0-65 ppm 65-110 ppm 110-140 ppm 140-160 ppm 160-190 ppm 190-220 ppm
PS-1 51.5 27.5 111 3.03 4.83 2.04

PS-2 48.4 26.3 14.8 5.29 3.70 1.51
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Figure Captions:

Fig 1. Localization of the sampling points in the peat bog of Balneéario Arroio do Silva (Santa Catarina State, Brazil).

Fig. 2 SEM micrographs of the PS—1 sample. Magnification level of: (a) 100 x, (b) 500 x, (c) 1000 x.

Fig. 3 SEM micrographs of the PS—2 sample. Magnification level of: (a) 100 x, (b) 500 x, (c) 1000 x.

Fig. 4 TG (—) and DTG (---) curves of the peat samples.

Fig. 5 XRD diffractograms of the peat samples (where C = clay, F = feldspar; Q = quartz).

Fig. 6 FT-IR spectra of the peat samples.

Fig. 7 Solid-state *C NMR spectra of the peat samples.
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Fig. 1 Localization of the sampling points in the peat bog of Balneario Arroio do Silva (Santa Catarina State, Brazil).



(©)

Fig. 2 SEM micrographs of the PS—1 sample. Magnification level of: (a) 100 x, (b) 500 x, (c) 1000 x.



Fig. 3 SEM micrographs of the PS-2 sample. Magnification level of: (a) 100 x, (b) 500 x, (c) 1000 x.
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Fig. 5 XRD diffractograms of the peat samples (where C = clay, F = feldspar; Q = quartz).
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Fig. 6 FT-IR spectra of the peat samples.
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Fig. 7 Solid-state *C NMR spectra of the peat samples.



