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Abstract:  This article describes the character of thermal
decomposition of peat and peat humic acids of two peat profiles
from ombrotrophic bogs in Latvia in relation to their origin. The
results of differential thermal analysis show that the character of
peat decomposition significantly depends on the composition, age,
and origin of peat. Studies of the parameters of thermal
decomposition help to identify the differences between peat and
the corresponding humic acids, as well as the links between the
peat age, decomposition degree, and character of decomposition
process, thus ascertaining maturity of organic material.
Accordingly, thermal analysis methods can be used for
identification of the origin of peat and peat humic acids. Thermal
treatment of peat helps to accelerate the changes in the peat
properties and thus significantly increase the oil sorption
capacity. Thermally treated peat is much more hydrophobic and
could be considered as a prospective sorbent for oil sorption.
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I. INTRODUCTION

Thermal analysis is an efficient method to study the
properties of organic matter, and thermogravimetry (TG) and
differential thermal analysis and gravimetry (DTA and DTG)
have been used to study and compare the properties of peat
and soil organic matter [1, 2]. During the decomposition
process of living organic matter, at first, degradation of more
labile structures takes place, but at later stages the processes
that are similar to coalification processes, pyrolitic
decomposition dominate [3]. The characteristics of the thermal
decomposition process in the case of peat profile studies are
related to the stage at which the transformation of organic
matter takes place and thus can reveal the first stages of
diagenesis of fossil carbon-containing deposits — lignite,
brown coal, coal, etc [4]. For a better understanding of fossil
fuel diagenesis of key importance could be studies of the
transformation products of living organic matter within peat —
humic substances. To better understand diagenesis of fossil
fuel deposits, comparative studies of the thermal
decomposition behavior of peat and corresponding humic
substances have been used [5, 6, 7]. Previous results of
thermal analysis have shown the differences between the
humic acid samples, depending on their origin in respect to
their coalification rank and higher thermal stability of lignite
humic acids than others [6, 7, 8]. A study of the thermal
degradation behavior of model compounds allows to correlate
the decomposition process of natural materials with well-
identified model compounds [9]. Thermal analysis of humic
substances can help to identify their structural elements and
the stage in the transformation process of living organic matter
[10]. It could be hypothesized that during thermal treatment

(heating) the processes naturally occurring during peat
transformation take place and more labile structures are
released, thus increasing peat and humic acid hydrophobicity.
However, the correct relation of peat properties to its thermal
decomposition character is not yet fully understood [1] and a
study of synchronous changes in the thermal decomposition
character of material from peat profiles and humic substances
isolated from the corresponding layers has not been done until
now. Another important aspect of the peat and humic matter
thermal treatment includes studies of their ability to absorb oil
products.

The aim of this study was to analyze the character of
thermal decomposition of peat and peat humic acids of two
peat profiles from ombrotrophic bogs in Latvia in relation to
their origin as well as to look at the oil sorption capacities of
thermally treated peat.

II. EXPERIMENTAL

Thermal analysis has been done using peat isolated from the
profiles of the two ombrotrophic bogs located in the central
part of Latvia. The properties and location of these bogs, their
development process, sampling and analytical methods used
for bog and peat characterization are described in detail by
[11]. Humic acids from peat were extracted and purified using
procedures recommended by the International Humic
Substances Society [12].

Thermal analyses were performed with SIT EXSTAR 6300
TG/DTA derivatograph using 20 mg of peat or humic acids
within a temperature range of 25-550 °C with the heating rate
of 10 °C per min. The recorded curves were: thermo-
gravimetric (TG), differential thermogravimetric (DTG), and
differential thermoanalytic (DTA). The area under the DTA
curve is proportional to the amount of heat released in the
process of exothermic oxidation of organic matter. Weight
losses were calculated from the TG curves.

To increase oil sorption capacity, peat was treated with
solutions of industrially manufactured HA in 0.1 molar NaOH,
with concentrations: 1.5-100 g/l, then heated in a laboratory
oven for 5 hours, at the temperature: 240-250 °C.

Oil sorption experiment

4 ml (3.23 g) of crude oil and 0.25 g of peat sorbent were
added into laboratory bottles (volume 100 ml) with 50 ml of
MilliQ water. Samples were placed on a shaker and shaken at
120 rpm for 5 hours. Then the samples were filtered through
filter paper. The resulting mass (peat with sorbed oil) was
placed into laboratory bottles, treated with 20 ml of hexane
and extracted on the rotary shaker for 30 minutes, then once
again filtered though filter paper. The mass collected on the
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filter was washed with 20 ml of hexane. Pooled filtrate was
placed in the bottles with known mass and evaporated at room
temperature to a constant weight. At the same time and in
identical conditions, the evaporated samples of oil with known
mass were dissolved in hexane. The mass content of non-
volatile hydrocarbons in the oil was calculated using mass
difference. The sorbed oil mass was calculated using derived
factor.

III. RESULTS AND DISCUSSION

In this study, thermal analysis was performed on the peat
and humic acids isolated from peat profiles of two
ombrotrophic bogs. Despite the relative similarity of the
genetic pattern and location of the bogs, they differ much in
the composition and properties of peat as well as in the
homogeneity of the peat profiles [13, 14].

As can be seen from Figures 1-4, thermal decomposition
curves of the samples (both peat and peat humic acids) can be
described as a five peak system, with well manifested
exothermic effects at the following temperature intervals:
~100°C, 170 — 250°C, 250 — 340°C, 300-350°C, 380 — 420°C
and 480 - 530°C regions. Such systems are typical for the
materials with plant origin, they are independent of dilution
and hence do not represent sporadic oxidation and incomplete
combustion, but rather indicate a series of discrete chemical
reactions [15].

According to [1], thermal decomposition of peat occurs as
follows: at low temperature (about 100 C°) evaporation of
hydroscopic moisture can be observed, this process is shown
as a pronounced depression of a decomposition velocity on the
DTG curve and as slight endothermic effect on the DTA curve
(Figures 1-2). In the temperature interval around 300 C°
decomposition of less condensed peat compounds (cellulose
and other polysaccharides, external functional groups of
humic matter, aliphatic compounds) takes place. As we can
see, these processes are manifested as the first exothermic
peak on a DTA curve, and as the second interval of depression
of a decomposition velocity on a DTG curve. It is found that
the area of the first exothermic peak is proportionally related
to the content of slightly decomposed biomass in peat and
respectively inversely related to the degree of humification [1,
16]. The second exothermic peak manifests a decomposition
of more condensed compounds, for example aromatic
structure of lignin and humic matter [16]. According to [17]
results, high bitumen content in peat can also significantly
increase the intensity of the second peak.

The first most important process during the thermal
decomposition of peat humic acids is the loss of hygroscopic
moisture happening around 100 °C and represented in the
curves by a slight weight loss and a slight endothermic process
(Figures 1, 2). Although in the upper layer of the peat profile
the decomposition degree and the TGA curves of peat humic
acids significantly differ, these differences depend more on
sample pretreatment rather than on the way how the
hygroscopic moisture is fixed into the structure of humic
acids. Some similarities between humic acids and peat can be
observed, however, and we can state that the amount (the
intensity of signal related to elimination) of hygroscopically
bound water in humic acids is higher than in peat from the
corresponding layer. It has been suggested that the extent and
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intensity of this exothermic reaction is inversely related to the
degree of humification of the corresponding samples [10].

Although not very markedly, our study confirms this
suggestion, as we can see in the comparison of the
decomposition pattern of humic acids from the upper layer in
the Dzelve bog (with a very low decomposition degree) with
humic acids isolated from peat with a higher decomposition
degree. Comparison of TG, DTA, DTG curves between peat
and HAs isolated from peat in upper layer shows some
similarities - HS forming most part of peat mass in upper
layers or composition of HAs resembling their origin.
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Fig.1. TG, DTA, DTG curves of peat samples taken from Eipurs Bog, depth
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Fig.2. TG, DTA, DTG curves of peat samples taken from Eipurs Bog, depth

4.56 -4.62 m
120 350
TG
100 DTAj 300
— DTG
250
80 -
4 200
= 2
o 60 4 150 =
E e
1 100 A
40
1 50
20
10
0 . . . . . 50
0 100 200 300 400 500 600
Temperature, °c

Fig.3. TG, DTA, DTG curves of peat humic acid isolated from Eipurs Bog,
depth 0.0 —0.25 m

HAs isolated from the bottom layers and HAs from the
upper layers of peat profile differ in their origin. Comparison
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of TG, DTA, and DTG curves between peat and HA shows
that bottom layers forming more aromatic HAs and the
difference shows that peat with HAs contains plenty of other
compounds.

We can detect the first exothermic effect at 200 — 350 °C
with the mass loss between 50 % (peat) and 20 % (HS). The
peak shows results of thermal degradation of polysaccharides,
decarboxylation of acidic groups and dehydration of
hydroxylate aliphatic structures [6]. The second exothermic
peak shows decomposition of more condensed compounds, for
example aromatic structure of lignin and humic mater [16].
The second peak varies from 400 °C to 450 °C for peat and
400 °C to 550 °C for HA with mass loss — 18 % peat and 50 %
HA.

The bottom layer of peat profile shows increase of
aromaticity. This phenomenon we can interpret as presence of
lignin structures in the bottom layers formed from fen peat and
degradation of unstable compounds in Has structure.

The studied peats of the profile have a different degree of
decomposition and botanical composition, as described above.
The changes in the intensity of released water upon heating
are not significant throughout the profile and possibly can be

explained not only by bonding of hygroscopical water, but
also by the differences in peat drying conditions.

120 1000
—TG
100 DTAL g0
—DIG
80 - 1600
=
= £
5 60 - 1400 2
= <}
=
40 4200 A
20 | Ln-mq 10
0 -200
0 100 200 300 400 500 600

Temperature, °C

Fig.4. TG, DTA, DTG curves of peat humic acid isolated from Eipurs Bog,
depth 4.56 —4.62 m
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Fig.5. Differential thermal analysis (DTA) curves of humic acids isolated from the Eipurs Bog peat profile
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Fig.6. Differential thermal analysis (DTA) curves of humic acids isolated from the Dzelve Bog peat profile

The intensity of the second thermal effect (280-330 °C)
increases with depth in peat from the Eipurs Bog peat profile,
indicating presence of polysaccharides or more thermolabile
components of peat organic matter or humic acids. In the older
(7700 C years) peat samples, a shift of temperatures at which
decomposition happens can be observed, and a new peak
appears, indicating a different character of the processes of
peat decomposition evidently affected by the different peat
botanical composition in the deeper layers of the peat sample.
In peat from the Dzelve Bog consisting predominantly from
Sphagnum moss peat, the changes of peat decomposition peak
around 300 °C are not so expressed but at the same time more
uniform. Finally, the third peak in the DTA spectra,
characterizing thermal effects attributed to the pyrolysis of the
more condensed materials, such as aromatic components in the
core structures of humic materials, demonstrate presence of
relatively homogeneous structures (a comparatively sharp
peak in the case of the Dzelve Bog peat and much less
expressed intensity in peat from the Eipurs Bog, especially
from the deeper, more decomposed peat layers).The character
of thermal analysis of humic acids isolated from peat profiles
significantly differs from the character of peat decomposition.
The first peak indicating loss of hygroscopically bound water
does not demonstrate significant changes along the peat profile,
but the second peak characterizing the character of thermal
decomposition of more labile structures in humic acids is at first
much lower for peat humic acids than for peat, but its intensity
decreases with increasing peat decomposition degree. The most
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pronounced changes are evident in the decomposition character
at 450-500 °C.

The signal intensity in peat humic acids at higher
temperatures is much higher than in peat. As far as
decomposition at this interval of temperatures can be
associated with decomposition of more condensed aromatic
structures, we can conclude that such structures are significant
profile in the molecules of peat humic acids.
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Fig.7. Eipurs bog peat humic acid thermal decomposition curves (DTG) peak
area depending on the depth of the peat profile

Intensity of this signal (the area of the peak indicating
weight loss at the corresponding temperature) is well
correlated with the peat decomposition degree (Figure 7) and
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by analyzing the changes in the peat decomposition peat area
with the depth of the sample location is becomes possible to
follow the structural changes into peat composition. Thermal
treatment of peat can serve as a tool to increase peat
hydrophobicity and thus oil sorption capacity to develop
sorbents for oil removal (Figure 8).
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Fig.8. Oil sorption kinetics on raw and thermally treated peat

Thermal treatment allows to increase significantly oil
sorption capacity and the speed of the oil sorption.

To test the factors influencing oil sorption and the role of
thermal decomposition of humic acids, peat samples were
treated (saturated) with humic acid solutions, and later heated
(Figure 9).
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Fig.9: Oil sorption on thermally treated peats, enriched with humic acids

However treatment of peat with humic substances
significantly reduced the oil sorption capacity and the
reduction of the sorption capacity was dependent on the
amount of humic substances added. Thus this finding also
indicates the role of “other” ingredients of peat in their
hydrophobicity and especially on the sorption capacity of oil
after thermal treatment.

IV. CONCLUSIONS

Thermal analysis of peat profiles and corresponding humic
acids allows to determining structural changes in the studied

material and improving understanding of the diagenesis of
peat deposits and corresponding humic materials. Thermally
treated peat can be considered as prospective sorbent for oil
removal during spills.
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Oskars Purmalis, Dmitrijs PorSnovs, Maris Klavip$. Kiidras un tas humusvielu diferenciala termiska analize.

Petfjuma analizéts divu Latvijas augsto purvu kiidras profila un to huminskabju termogravimetriskais raksturs. Kiidras termogravimetrisko sadaliSanas raksturu
butiski ietekmé kuidras sastavs, vecums un tas izcelsme. Termogravimetrisko parametru analize lauj noteikt atskiribas ne tikai starp kiidru un no tas izdalitajam
huminskab&m, bet ari starp tadiem kiidru raksturojoSajiem parametriem ka kiidras vecums, sadaliSanas pakape, organisko vielu degradacijas raksturs un
organisko vielu sastavs. Tadgjadi kiidras un to humusvielu termogravimetriska analize ir izmantojama to izcelsmes noskaidroSanai. Kuidras termiska apstrade lauj
paatrinat organisko vielu transformaciju un to ipasibu izmainas, kas biitiski paaugstina to sp&ju saistit naftas produktus. Pieaugot kiidras hidrofobumam, to
termiski apstradajot, pieaug ari to pielietojuma iesp&jas naftas produktu sorbcijai.

Kiidras paraugi tika ievakti purva centralaja dala ar urbi kiidras paraugu iegiisanai. Tiem tika veikta datéSana izmantojot '*C, noteikta sadalisanas pakape,
botaniskais sastavs, pelnainiba, elementsastavs un mikroelementu saturs. No kudras paraugiem tika izdalitas huminskabes, izmantojot Starptautiskas humusvielu
pétnieku savienibas rekomend&tu metodi [12]. Termogravimetriskas analizes tika veiktas, izmantojot termogravimetru SII EXSTAR 6300 TG/DTA. Paraugu
iesvars termogravimetriskajai analizei bija 20 mg kiidras vai kiidras humusvielu, tie tika karséti temperatiiru intervala 25-550 °C ar karséSanas atrumu 10 °C
mindte.

Naftas produktu sorbcijas palielinasanai, kuidra tika apstradata ar ripnieciski razotu humusvielu prepdratu 1,5 — 100 g/l 0,1 M NaOH skiduma un karséta
laboratorijas zavskapi 5 stundas 240-250 °C

Pétijuma merkis — analizét kiidras un kiidras humusvielu termogravimetrisko raksturu 2 augstajos purvos Latvija, to atSkiribas atkariba no kudras veida un
izcelsmes, ka arT iesp€jas izmantot termiski apstradatu kiidru naftas produktu sorbcijai.

Ockapc ITypmanuc, Imutpuii llopmues, Mapuc KnsiBunbu. Jluddepenuuanbaplii TepMaibHbIi aHAIH3 TOP(A U TOP(PSAHBIX TYMHUHOBBIX KHCJIOT.

B naHHO# cTaThe pacCMOTPEH XapakTep TEPMHUYECKOrO paciajia BepXOBOro Topda ABYX JaTBUICKHX OOJOT, M €ro TyMHHOBBIX KHCIOT. Pesynbratst ATA
YKa3bIBAIOT HA TO, YTO XapaKTep pa3lIoKeHUs Topda 3aBHCHT OT €ro COCTaBa, BO3PAcTa, U MPOUCXOXKIeHNs. MccnenoBanne mapaMeTpoB TEPMUUECKOTO paclaja
Topda nmomMoraer HASHTH(HUIUPOBATH PABIHIHS MEXTY TOPHOM U CONEPIKALIMMICSI B HEM I'yMHHOBBIMHU BEILECTBAMH, TAKOKe YIIOMSHYTEIC IIapaMeTpPhl CBSI3aHbI
C TAaKUMHU CBOMCTBaMHU TOp(a, KaK CTENEHb Pa3I0oKEHHs, XapaKTep PasjoKeHHs M COCTaB OPraHMYECKOro BemiecTBa. DTo o3HadaeT, yTo JTA ryMHHOBBIX
BEIIECTB BO3MOKHO HCIIONB30BaTh U BRLICHEHUS HX MPOUCXOXkIeHHs. TepMudeckas 00paboTka Topda moMoraer yCKOPHTh TpaHC(HOPMAIHIO OPraHHIECKOro
BEIIECTBA, YTO 3HAUMTENIBHO YIIY4IIaeT ero rupodoOHbIe 1 oneopriIbHbIE CBOiCTBA. B pesynprate TepMudeckoit 00paboTKn Topda BO3pacTaIOT BO3MOKHOCTH
€ro HCIOJIb30BaHMUsI B KauecTBe COpOeHTa HEDTEIPOTYKTOB.

O6pastsr Topdha MOMyYeHs! B TEHTPATFHBIX YacTaX GOMOT, ¢ IOMOIIBIO Teoorudeckoro Gypa. IIponsseniena naTHpoBKa 06pa3oB ¢ MoMomIbio Metoma *C.
Taxoke ornpeziesieHa CTeNeHb Pa3IoKeHHs, O0TaHMYECKHI COCTaB, 30IbHOCTD, JJIEMEHTAPHBIN COCTaB, U COJEpKaHUEe MUKpolieMeHToB. I3 Topda, mo meromy
IHSS [12], 6b1H BIAENCHBI TYMHHOBBIE KUCIOTHI. TepMOrpaBUMETpHUYECKHi aHaau3 npoussesneH Ha aepusarorpade SII EXSTAR 6300 TG/DTA, ¢ naBeckoit
ob6pasua 20 mr, B uHTEpBaie temmepatyp 25-550° C, co ckopocTsio HarpeBanus 10 °C/muH.

Jlnst yiyqnieHust copOmy HeTenpoayKToB, Topd Obu1 06paboTan pacTBOpoM mpoMsinuieHHo npousBeneHHbIX I'K 8 NaOH, B koHmenTparmsx 1,5-100 r/n. 1
MOZIBEPTHYT TePMUUECKOil 00paboTke B ey, npu Temneparype 240-250 °C, B TedeHue 5 4acos.

Llens mccnenoBaHus: aHANIU3HPOBATh XapaKTep TEPMHUYECKOTO pacliaja BepXoBoro Topda AByX JlaTBHiCKuMX OO0JOT, M €ro 'yMUHOBBIX KHCJIOT M Pa3lIddHsi B
JTAaHHOM XapakTepe, B 3aBUCUMOCTH OT BHJa U IpoucxoxaeHus Topda. Taroke HcclieoBaHa BO3MOXKHOCTB HCIIOJIb30BaHUS TEPMIYECKH 00paboTaHHOro Topda B
Ka4yecTBe COpOeHTa He(TEPOTYKTOB.
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