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Abstract- Humic acid (HA) is a principal component of humic substances, which are the major organic constituents of soil, peat, coal, many 
upland streams, dystrophic lakes and ocean water. HA has an important impact on a variety of environment processes. This work aimed to 
characterize the HA extracted and purified from the Candiota coalfield (Brazil) by visible (VIS), Fourier transform infrared (FTIR), energy 
dispersive X-ray (EDX), inductively coupled plasma absorption emission (ICP-AES), and X-ray diffraction (XRD) spectroscopies, thermogra-
vimetry (TG), differential thermal analysis (DTA), and scanning electron microscopy (SEM). The results of these analyses showed that Can-
diota HA presents a high degree of humification, which is considered to be type A with a turbostratic structure. The elemental analysis (EDX/
ICP-AES) indicated the presence of low concentrations of heavy metals. 
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Introduction 
The organic matter of soils can be divided into non-humic and 
humic substances. Carbohydrates, amino acids, protein, lipids, 
nucleic acids, and lignins are non-humic substances that originate 
from plants and other organisms. However, humic substances 
(HSs) are materials synthesized during the decomposition of 
plants and animal residues with or without the assistance of micro-
organisms (humification). HSs are defined as hydrophilic, acidic, 
high molecular weight, amorphous, and colloidal polydispersed 
substances with a yellow to brown-black color [1]. HSs are not 
only found in soils, but are also distributed among several environ-
ments, such as streams, rivers, lakes, oceans, sediments, and 
geologic deposits [2,3,4]. HSs are major importers, exporters and 
transporters of solutes in soils and natural waters, and they play a 
much greater role than clays and minerals in this respect [5]. 
Based on their solubility properties, HSs are generally classified 
into the three following categories: humic acids (HAs), fulvic acids, 
and humin [6]. These three humic fractions are structurally similar 

and their properties differ, especially with respect to their molecu-
lar weight, their ultimate analysis, and the number of functional 
groups present [7]. The predominant fractions of humic substanc-
es are HAs [8]. HAs are defined as organic macromolecules with 
high molecular mass, larger carbon contents, and smaller oxygen 
contents due to their phenol and carboxylic groups and are solu-
ble at alkaline pH values [4]. HAs have an important role in soil 
fertility and to bind many heavy metallic ions through complexation 
[4,9,10]. HAs are present in larger amounts in terrestrial and geo-
logic humic matter and in smaller amounts in aquatic humic matter 
[1]. 
The mineral coal, which results from the accumulation of the re-
mains of organic material, contains HSs in its composition. The 
coal organic matter contains significant amounts of oxygen, nitro-
gen and sulfur. HSs also contain those elements in their composi-
tion in the form of functional groups such as carboxylic acid, ke-
tones, and amines [11]. The most important mineral coalfield in 
Brazil is the Candiota coalfield, which is located in the Rio Grande 
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do Sul state. Candiota contributes 37.9% of the national mineral 
coal because the Candiota field is the largest deposit of mineral 
coal in Latin America [12]. 
The characteristics of HAs are associated with their origin [13]. 
The physiochemical characterization of the HAs is indispensable 
[4,9,10]. Several methods (destructive and non-destructive) are 
used for the characterization of HAs. Different techniques supply 
important information for understanding the structure, composition 
and properties of these materials [14]. Fourier transform infrared 
(FTIR), ultraviolet-visible (UV-VIS), inductively coupled plasma 
absorption emission (ICP-AES) and solid-state 13C nuclear mag-
netic resonance (CP-MAS 13C NMR) spectroscopies; X-ray dif-
fraction (XRD); scanning electron microscopy (SEM); thermogra-
vimetry (TG); and differential thermal analysis (DTA) are some of 
the commonly techniques used for the characterization of HAs 
[15,16]. 
The purpose of this study is to characterize humic acids extracted 
from mineral coal from the Candiota coalfield (Rio Grande do Sul 
state, Brazil) using visible (VIS) absorbance, Fourier transform 
infrared (FTIR), energy dispersive X-ray (EDX), inductively cou-
pled plasma absorption emission (ICP-AES), and X-ray diffraction 
(XRD) spectroscopies, thermogravimetry (TG); differential thermal 
analysis (DTA); and scanning electron microscopy (SEM). 
 
Materials and Methods 
In this study, samples of mineral coal from the Candiota coalfield 
(Rio Grande do Sul State, Brazil) were collected directly from the 
mine in August of 2009. The samples were air-dried, ground, and 
sieved through a 1-mm sieve. Humic acid (HA) was isolated from 
the samples using conventional methods [4]. In brief, humic sub-
stances were extracted using 1.0 M NaOH. The extracted humic 
substances were then separated into HA and fulvic acid (FA) frac-
tions by acidifying the extract to pH 1-1.5 using 6.0 M HCl. The 
extracted HA was purified according to the procedure reported by 
Stevenson [4]. The HA fraction was suspended in a solution of 0.1 
M HCl and 0.3 M HF to remove mineral impurities and then dia-
lyzed until Cl- was eliminated. The purified HA from the mineral 
coal from the Candiota coalfield (CHA) was freeze-dried for chem-
ical analysis. 
For absorbance measurements, the CHA samples (1 mg) were 
dissolved in 100 mL of 0.1 M NaOH, and the absorbance (Abs) 
was measured at 400, 465, 600 and 665 nm with a J&M 
TIDASDAQ spectrometer. The results (mean value of ten repeti-
tions) were used to calculate the E4/E6 ratio (Abs465/Abs665) and ∆ 
Log K coefficient (Log Abs400 - Log Abs600) according to Giovanela 
[16]. These parameters are widely used for the characterization of 
humic substances. 
The Fourier transform infrared (FTIR) spectra were recorded in 
the transmission mode by a Shimadzu IR Prestige-21 spectropho-
tometer using a KBr pellet containing 1% CHA. The infrared spec-
tra were recorded at 4 cm-1 resolution from 5000 cm-1 to 450 cm-1. 
The spectra were automatically corrected for the KBr background 
to minimize the CO2 and H2O absorptions. 
The thermal analyses (TGA and DTA) were performed in a nitro-
gen atmosphere, with a 10 ºC/min heating ratio, from 23.8 ºC to 
1000 ºC, using Shimadzu DTG 60 equipment. 
The elemental composition of the CHA was determined by an 
energy dispersive X-ray analysis (EDX) and inductively coupled 

plasma atomic emission spectrometry (ICP-AES). Qualitative 
measurements were performed using a Shimadzu Ray Ny-EDX 
720. The concentrations of Al, Ca, Cd, Co, Cu, Fe, K, Mg, Mn, Mo, 
Na, Ni, Pb, V, Zn, and Sr were determined (mean value of three 
repetitions) by ICP-AES with a Perkin-Elmer ICP-AES instrument, 
model Optima 4300DV, after digestion (humid) in the microwave 
with a closed system using concentrated HNO3.  
The X-ray diffraction (XRD) patterns for the mineralogical anal-
yses were obtained at room temperature (300 K) using a Shimad-
zu XRD-6000 powder diffractometer. A Bragg-Bretano geometry 
was used with Cu-ka radiation. The tube was operated at 40 kV 
and 40 mA. The diffraction data were collected over the range of 
10º ≤ 2θ ≤ 80º with 0.02º steps and an integration time of 2 s per 
point. 
The SEM micrographs of the CHA powder were obtained with a 
Shimadzu SSX-550 scanning electron microscope. The freeze-
dried samples were previously coated with a thin gold layer in a 
Quick Coater SC-701 sputtering system for 10 min before analy-
sis. 
 
Results and Discussion 
The values of the E4/E6 ratio and the D log K coefficient for the 
CHA were 3.20 ± 0.10 and 0.42 ± 0.02, respectively, which are 
considered to be type A (D log K < 0.6 - high degree of humifica-
tion), according to Kumada [14]. These results suggest that the 
HA-C presents a high structural condensation (larger amount of 
aromatic structures than aliphatic structures) and a large molecu-
lar size [17]. The measured E4/E6 and D log K values are among 
the smallest values reported [4,16,18].  

Fig. 1- FTIR spectra of the CHA showing the principal absorption 
bands. 

 
Fig. 1 shows the FTIR spectrum for the CHA. The broad bands 
detected in the 3680-3000 cm-1 region were attributed to the O-H 
stretching of alcohols and/or phenols, as well as N-H stretching of 
amines and/or amides [19]. The bands between 3000 and 2855 
cm-1 correspond to the asymmetric and symmetric C-H stretching 
of methyl and methylene groups of aliphatic and nonstrained cy-
clic hydrocarbons [16]. This region shows the degree of saturation 
of the sample, revealing a low percentage of aliphatic carbons in 
the CHA. The sharp band at 1701 cm-1 was attributed to the C=O 
stretching vibrations due to carboxylic groups [20]. The strong 
band detected at 1608 cm-1 indicated the presence of aromatic 
ring C=C stretching [21]. Absorption at 1450 cm-1 was due to ali-
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phatic C-H deformation [8]. The absorption band attributed to the 
C-H bending of CH3 and C-H deformation of CH2 and CH3 groups 
was measured at 1375 cm-1 [16]. The bands at 1230 and 1030 cm
-1 corresponded, respectively, to the aromatic ether C-O-C and C-
O stretching of polysaccharide [19,22]. Absorption bands attribut-
ed to the aromatic C-H out-of-plane deformation of aromatic struc-
tures were observed in the 860-720 cm-1 region [23]. The Si-O 
stretching absorption occurred at 590 cm-1 [24]. This band may 
represent silicate impurities [25]. The bands observed in the FTIR 
showed that the CHA is rich in aromatic structures, according to 
results from VIS spectroscopy. 
The thermal analyses (Fig. 2) indicated the occurrence of three 
events: the first, between 28 and 140 ºC, corresponded to a 7.7% 
mass loss; the second, between 140 and 360 ºC, corresponded to 
an 8.8% mass loss; and the third, between 360 and 535 ºC 
(exothermic DTA peak at 450.7 ºC), corresponded to a 75% mass 
loss. The first two events were identified only in TG. The last was 
identified in TG as well as in DTA. The first event was attributed to 
the loss of free water (dehydration) from the CHA sample [26]. 
The second event was associated with the degradation of poly-
saccharides, the decarboxylation of acidic groups and the dehy-
dration of aliphatic alcohols [27]. The third event (which showed a 
larger mass loss) was attributed to the decomposition of aromatic 
structures and cleavage of C-C bonds [28]. Consequently, the 
strong exothermic peak at approximately 450 ºC showed a larger 
number of aromatic structures relative to the aliphatic structures in 
the CHA (high degree of humification). This characteristic has 
been observed in HAs extracted from coals [29]. 

Fig. 2- TG and DTA curves for the CHA. The value indicated rep-
resents an exothermic peak 

 
With respect to the elemental composition of the CHA, EDX quali-
tative measurements indicated the presence of Br, S, Rh, Ba, Ti, 
Fe, Ni, Mo, Na, Al, Si, Ca, Te, and V. Other elements may be 
present but not detectable by EDX because of low concentrations. 
Table 1 shows the results of the ICP-AES analysis. ICP-AES al-
lows for the determination of small concentrations (ppb) of metallic 
elements in a sample. All the elements investigated showed low 
concentrations. Na was the most prevalent element 
(approximately 1.05%), followed by Al (approximately 0.12%). 
Other elements showed concentrations below 0.03% or concen-
trations below the detection limit (Cd, Co, and Pb). Unpurified Has 
generally contain a large quantity of Na and Ca, which originate 

from the alkaline treatment during the extraction and high rates of 
occurrence of Si, Fe and Al in the form of impurities [30]. The low 
concentrations observed by ICP-AES revealed the effect of purifi-
cation of the CHA. The purification process performed after the 
extraction causes a significant loss of cations, thereby decreasing 
the elemental concentration. Very few of the metallic elements 
detected can be incorporated into the CHA structure because of 
the capacity of the CHA to bind many heavy metallic ions through 
complexation [31,32]. Other elements such as Si can originate 
from impurities. S should be incorporated into the CHA structure 
[33].  

 
Table 1- Result of ICP-AES measurements of HA-C. Concentra-

tions below the detection limit are marked as “*” 

Fig. 3- XRD pattern for the CHA. Some peaks associated with 
crystalline phases can be observed 

 
The X-ray diffraction pattern is shown in Fig. 3. A broad and sym-
metric peak was observed around at 2q = 24.80º, corresponding 
to an interplanar spacing of approximately 3.59 Å. A broad and 
feeble peak was also observed at approximately 2q = 40.40º, 
corresponding to an interplanar spacing of approximately 2.25 Å. 
These peaks were attributed to the (002)- and (01)-bands of 
graphite, respectively [34]. HAs with these bands contain stacked 
fractions of several layers with interplanar spacing between 3.4 
and 3.6 Å of condensed rings composed of several benzene rings 
(turbostratic structure) [14,15]. The type A HAs show this struc-
ture, which is associated with the high degree of humification this 
type of HAs [14]. Consequently, the CHA presumably has a tur-
bostratic structure. The X-ray diffraction pattern of the CHA was 
similar to the pattern of Sochiken-1 HA [14]. Sharp peaks 
(unidentified) associated with crystalline phases were also were 
observed on the diffractogram. These phases (impurities) presum-
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Metal Concentration (µgg-1) Metal Concentration (µgg-1) 

Al 1259 ± 55 Mo 60.6 ± 2,5 

Ca 201 ± 28 Na 10552 ± 62 

Cd * Ni 11 ± 2 

Co * Pb * 

Cu 15.5 ± 0,9 V 10.1 ± 0,4 

Fe 137 ± 15 Na 4.72 ± 0,22 

K 44.8 ± 2,0 Sr 3.46 ± 0,25 

Mg 45.4 ± 9,0 Mn 5.74 ± 1,30 
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ably are composed of the elements detected in the EDX/ICP-AES 
analyses. Further experiments will be performed to identify these 
crystalline phases. 
Fig. 4 shows SEM images of the CHA particles at different magni-
fications. Particles with different shapes and sizes can be ob-
served (Figs. 4a, 4b). At high magnification (Figs. 4c, 4d), the 
surfaces of these particles revealed a rough structure consisting 
of aggregates of particles smaller than 90 nm. The presence of 
some porous particles with a mean size of 110 nm was also ob-
served. These values were measured directly on the image at 
high magnification. Evidently, the values obtained are approxi-
mate because we are at the SEM resolution limit. The mecha-
nisms involved in the molecular aggregation process can be 
weak, such as London and van der Waals forces, or strong, such 
as charge transfer and hydrogen bonding [16]. High structural 
condensation and large-size molecules (suggested by the charac-
terization techniques) can favor the strong interactions between 
the CHA molecules. These interactions would promote the cohe-
sion of the molecules in small particles to form larger aggregates 
(particles observed in low magnifications) during the drying pro-
cess after purification. This hypothesis still needs to be tested. 

Fig. 4- SEM images of the CHA. Magnifications: (a) 100x, (b) 
500x, (c) 2000x, and (d) 5000x. Small pores can be observed on 

the rough surface at high magnification  
 
Conclusions 
Characterization by absorbance (E4/E6 ratio and ∆ Log K coeffi-
cient), FTIR, TG/DTA, XRD, and SEM showed that the purified 
humic acid from Candiota (CHA) presents a high degree of humifi-
cation, which is considered to be type A with a turbostratic struc-
ture. The E4/E6 and D log K values are among the smallest values 
reported for humic acids, presumably indicating that the CHA is 
relatively rich in carboxylic and phenolic groups. The functional 
groups that contribute most to surface charge and reactivity of 
humic substances are phenolic and carboxylic groups. The pres-
ence of carboxylic and phenolic groups gives the humic acids the 
ability to form complexes [4]. Consequently, the CHA can exhibit a 
high capacity to complex with heavy metallic ions. The elemental 

analysis (EDX/ICP-AES) indicated the presence of low concentra-
tions of heavy metals 
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