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)e effects of acid precipitation with different liquid acids on spectral properties of fulvic acid extracted from peat was studied to
select the most appropriate liquid acid for the acid precipitation step of the alkali solution acid precipitation method, and the new
process mechanism of peat utilization by coupling methane fermentation and extraction of fulvic acid was analyzed. )e alkali
solution acid precipitation method was adopted to extract fulvic acid from the methane-fermented group and methane-un-
fermented group. Different liquid acids were used to conduct acid precipitation during the extraction. And then, the charac-
terizations of fulvic acid samples were conducted through Fourier infrared spectroscopy, UV-Vis spectroscopy, and fluorescence
spectroscopy. )e yield and content of fulvic acid decreased significantly after methane fermentation. During the methane
fermentation process, some fulvic acid was consumed and utilized by microorganisms to promote the methane fermentation
process, resulting both in the decrease of methyl, hydroxyl, and ether bonds and in the increase of methylene, carbonyl, conjugated
double bond, benzene rings, and other groups.)e E4/E6 ratio shows that the E4/E6 ratio of fulvic acid was decreased after methane
fermentation, and the fermentation consumed the functional group with simpler structure such as aliphatic chain hydrocarbon of
fulvic acid while the structure with a higher degree of aromatization and conjugate cannot be consumed. When conducting acid
precipitation with different liquid acids, the yield of fulvic acid was the highest through acid precipitation with phosphoric acid.
)e fulvic acid obtained through acid precipitation with nitric acid has a higher content, more benzene rings, and the highest
degree of aromatization.

1. Introduction

)ere are abundant coal resources within Inner Mongolia,
including peat, anthracite, and lignite. )e main components
of peat include organic matter (53% on average) and humic
acid (36% on average) [1]. It has more pores, huge internal
surface area, and strong ability to adsorb water, which are
commonly used in flower gardening [2], crop planting [3],
and soil improvement [4] in Germany, Finland, Canada,
Sweden, and China. However, it is a waste to use peat only for
horticultural substrate and organic fertilizer. Peat should be
positioned as a raw material to improve its economic value.

As the main chemical component of peat, fulvic acid
(FA) is a macromolecular substance with benzene rings as
the basic unit. )ere are several active functional groups
such as carboxyl, hydroxyl, and methoxy distributed on the
benzene rings and side chains [5]. Fulvic acid, soluble in
alkali, acid, and water, is the best core component of soil
humus [6] and also the best plant growth regulator [7].

)e alkali solution acid precipitation is the common
extraction method of fulvic acid. Trofimova et al. [8] studied
the humic acid extracted from lowland peat and upland peat
by the alkali solution acid precipitation method. )e results
showed that the humic acid extracted from the lowland peat
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types contained large amounts of aromatic carbon, phenolic
and alcohol groups, carbohydrate residues, and ethers; the
humic acid of the upland peat types owned high content of
carbonyl, carboxyl, and ester groups. Yuanping et al. [9]
explored the optimal process for extracting biochemical
humic acid from the fermented furfural residue by the alkali
solution acid precipitation method. It was found that solid
biochemical humic acid with humic acid content of 76% and
yield of 49% was obtained under the conditions as follows:
the solid-liquid ratio was 1 : 7 during the alkali solution step,
the KOH concentration was 8%, the extraction time was 1
hour, the extraction temperature was 70°C, and the pH was
2.5 during the acid precipitation step.

In terms of the current research report on the extraction
of fulvic acid from peat, they paid more attention to the
method of extracting fulvic acid, so this ignored the full
usage of peat. And, Yuanping et al. [9] only found the best
pH was adjusted by hydrochloric acid; they did not study the
effect of extracting fulvic acid by the alkali solution acid
precipitation method with different liquid acids. With
herbaceous peat as the research object in this experiment, we
studied the effects of methane fermentation on spectral
characteristic change of fulvic acid extracted from peat by
the alkali solution acid precipitation method and analyzed
the mechanism of coupling peat methane fermentation and
extracting fulvic acid. At the same time, we studied the
effects of fulvic acid extracted from peat by different liquid
acid precipitation to find themost appropriate liquid acid for
precipitation.

We expected to realize the superposition of peat con-
version benefits and improve the overall economic benefits
of peat resource through the staged conversion of chemical
components of peat including organic matter and humic
acid, laying the foundation for the industrial extraction of
fulvic acid from peat.

2. Materials and Methods

2.1. Instruments and Reagents. Herbaceous peat was pro-
vided by Jilin Jixiang Co., Ltd.; activated sludge was
obtained from the sewage treatment plant located in a
southern suburb of Baotou; chromatographic pure fulvic
acid (FC) was provided by the Fusheng Industry. )e
automatic methane potential test system (AMPTS II) was
purchased from the Bioprocess Company of Sweden; the
Fourier-transform infrared (FTIR) spectrometer (RX1)
was purchased from Germany Bruker; the UV-visible

near-infrared (UV-VIS) spectrophotometer (CAYR 5
000) was purchased from Varian; the fluorescence lu-
minescence spectrometer (LS55) was purchased from
PerkinElmer.

2.2. Experimental Method

2.2.1. Methane Fermentation Group. )e automatic
methane potential test system (AMPTS II) of Bioprocess
Company of Sweden was adopted as the fermentation
experiment equipment. )e 200mL activated sludge and
40 g peat sieved into a size of 100mesh (Table 1 below)
were added in a fermentation system, then the initial pH
was adjusted to 7.0, and the water was added until the
volume of the total fermentation system was 400mL. It
was then flushed with pure nitrogen for 120 seconds to
provide an anaerobic condition. Finally, the fermentation
temperature was adjusted to 50°C. In the reaction process,
the stirring was controlled automatically by the motor,
and the stirring interval was 6 hours for each stirring of

Table 1: Fulvic acid in different experiment groups.

Test group Peat (g) Methane fermentation Acid precipitation
FMS 40 √ Sulfuric acid
FMN 40 √ Nitric acid
FMH 40 √ Hydrochloric acid
FMP 40 √ Phosphoric acid
FS 40 Sulfuric acid
FN 40 Nitric acid
FH 40 Hydrochloric acid
FP 40 Phosphoric acid
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Figure 1: Yield of fulvic acid.
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Figure 2: Content of fulvic acid.
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10min. )e daily methane production and total methane
production were recorded by the instrument automati-
cally. )ree parallel experiments were carried out in each
group, and the average value was taken. After the

completion of fermentation, the residue was dried to
extract fulvic acid for testing. In the unfermented group,
fulvic acid was extracted from herbaceous peat directly
for testing.
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Figure 3: (a) FTIR of fulvic acid. FTIR of fulvic acid by (b) sulfuric acid precipitation, (c) nitric acid precipitation, (d) hydrochloric acid
precipitation, and (e) phosphoric acid precipitation.
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2.2.2. Extraction of Fulvic Acid. A certain mass of samples
were weighed from two test groups with 5% sodium hy-
droxide (solid-liquid ratio 1 : 4) added and immersed for 24
hours. )e pH was adjusted to 10∼12 after the distilled water
of 20 times volume was added.)en, by heating at 80°C for 2
hours, the liquid supernatant was obtained through multiple
centrifugation processing several times. )e pH of liquid
supernatant was adjusted to 3 by adding different liquid
acids. )e fulvic acid extracted from the methane fermen-
tation group and acid precipitation by sulfuric acid, nitric
acid, hydrochloric acid, and phosphoric acid were named
FMS, FMN, FMH, and FMP, respectively. )e fulvic acid
was extracted from the unfermented group and acid pre-
cipitation by sulfuric acid (FS), nitric acid (FN), hydro-
chloric acid (FH), and phosphoric acid (FP), respectively
(Table 1 below). And, all of the fulvic acid samples were
taken and dried for testing.

2.2.3. Determination of Fulvic Acid Content. One milliliter
of fulvic acid was diluted to 100mL and filtered, 10mL of the
initial solution was discarded, then 5mL of the filtrate was
drawn into a 250mL Erlenmeyer flask, 5.00mL of
0.04mol·L−1 potassium dichromate was added, and 16mL of
concentrated sulfuric acid was slowly added and then heated
and oxidized in a boiling water bath for 30 minutes. After
cooling to the room temperature, 3–5 drops of o-phenan-
throline indicator was added, it was titrated to brown-red
with calibrated ferrous ammonium sulfate, and then a blank
test was made at the same time:

B �
0. 003 × V0 − V1( 􏼁 × N

C × V
, (1)

where B is the content of fulvic acid, mg·L−1, 0.003 is the
milligram equivalent of carbon, mg, V0 is the volume of
ammonium ferrous sulfate consumed during titration blank,
L, V1 is the volume of ammonium ferrous sulfate consumed
during titration sample, L, N is the concentration of ferrous
ammonium sulfate, mol·L−1, C is the conversion factor for
the humic acid carbon ratio (FAis the 0.54), and V is the
volume of the sample, L.

2.3. Spectral Analysis

2.3.1. Fourier-Transform Infrared Spectroscopy. One milli-
gram dried fulvic acid sample was taken and measured by
FTIR spectroscopy, and it was recorded. )e measurement
conditions of all the samples were completely identical.

2.3.2. UV-Vis Spectroscopy. Ten milligram fulvic acid
sample was weighed, which was dissolved with 70mL of
0.05mol·L−1 sodium bicarbonate solution. )en, the pH was
adjusted to 8.0 with 1% sodium hydroxide or 0.1mol·L−1

hydrochloric acid, and finally 0.05mol·L−1 was used to make
up to 100mL with sodium bicarbonate. )e absorption
curve of all the samples was measured by the UV-visible
near-infrared spectrophotometer, and the scanning wave-
length range was 200 nm to 800 nm. )e absorbance was
measured at 465 nm and 665 nm, and the E4/E6 ratio was
calculated.

2.3.3. Fluorescence Spectroscopy. Ten milligram fulvic acid
sample was weighed, which was dissolved with 70mL of
0.05mol·L−1 sodium bicarbonate solution. )en, the pH was
adjusted to 8.0 with 1% sodium hydroxide or 0.1mol·L−1

hydrochloric acid, and finally 0.05mol·L−1 was used to make
up to 100mL with sodium bicarbonate. And, the fluores-
cence spectra of all the samples were recorded on the
fluorescence spectrophotometer. Scanning method: the
scanning speed of both the emission and excitation
monochromators was 1000 nm·min−1, and the slit width of
both the emission and excitation monochromators was
8 nm.)e fluorescence emission spectrumwas scanned from
275 nm to 650 nm with a fixed excitation wavelength of
274 nm.

3. Results and Discussion

3.1. Yield of Fulvic Acid. )e yield of fulvic acid signifi-
cantly reduces after methane fermentation (Figure 1), the
sulfuric acid precipitation group reduces from 5.33% (FS)
to 4.19% (FMS), the nitric acid precipitation group re-
duces from 8.94% (FN) to 5.19% (FMN), the hydrochloric
acid precipitation group reduces from 8.55% (FH) to
6.02% (FMH), and the phosphoric acid precipitation
group reduces from 12.17% (FP) to 9.22% (FMP). It in-
dicates that methane fermentation degrades and con-
sumes part of the fulvic acid, resulting in a decrease in the
yield of fulvic acid.

)e yield of fulvic acid in the methane fermentation
group and the unfermented group was the highest by
phosphoric acid precipitation. )e yield of FP was up to
12.17%, while the yield of FMP was 9.22%, indicating that
the yield of fulvic acid is the highest between the methane
fermentation group and the unfermented group by phos-
phoric acid in the process of acid precipitation.

Table 2: Infrared peak position comparison.

Peak position Functional group Absorption type
3700∼3200 cm−1 Hydroxyl (-OH) Stretching vibration
2960± 10 cm−1 Methyl (-CH3) Antisymmetric stretching vibration
2925± 5 cm−1 Methylene (-CH2-) Antisymmetric stretching vibration
2400∼2300 cm−1 Instrument background peak —
1900∼1630 cm−1 Carbonyl (-C�O) Stretching vibration
1620∼1450 cm−1 On benzene ring C�C Stretching vibration
1300∼1000 cm−1 Alcohol, phenol, ether (C-O) Stretching vibration
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Figure 4: (a) UV-Vis of fulvic acid. UV-Vis of fulvic acid by (b) sulfuric acid precipitation, (c) nitric acid precipitation, (d) hydrochloric acid
precipitation, and (e) phosphoric acid precipitation.
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3.2. Content of Fulvic Acid. )e content refers to the pro-
portion of fulvic acid of the supernatant liquid precipitated
by different acids. )e content of the fulvic acid obtained
from the unfermented group is almost all higher than that of
the fulvic acid extracted from the methane fermentation
group (Figure 2). )e sulfuric acid precipitation group
decreases from 1.101mg·L−1 (FS) to 0.667mg·L−1 (FMS), the
hydrochloric acid precipitation group decreases from
0.944mg·L−1 (FH) to 0.333mg·L−1 (FMH), and the phos-
phoric acid precipitation group decreases from 1.111mg·L−1

(FP) to 0.611mg·L−1 (FMP). It proves that the fulvic acid was
degraded by microorganisms in the methane fermentation
process, resulting in a decrease in the content of fulvic acid.
)e fulvic acid by nitric acid precipitation shows an
anomaly, with the content of fulvic acid from the methane
fermentation group being higher than that of the unfer-
mented group, and it increases from 1.278mg·L−1 (FN) to
1.389mg·L−1 (FMN). It implies that the peat residue after
methane fermentation was oxidized and modified the by
nitric acid [10], leading to the increase of the fulvic acid
content.

)e highest content of fulvic acid is the precipitation by
nitric acid, and the lowest content of fulvic acid is the
precipitation by hydrochloric acid both in unfermented
group and methane fermentation group. In addition, the
content of FN and FMN is up to 1.278mg·L−1 and
1.389mg·L−1, respectively, and that of FH and FMH is only
0.944mg·L−1 and 0.333mg·L−1, respectively. It demonstrates
that both in the unfermented group and the methane fer-
mentation group, nitric acid is the best liquid acid to obtain
the fulvic acid with high content in the process of extracting
fulvic acid by the alkali solution acid precipitation method
under different liquid acids.

3.3. Infrared Spectrum of Fulvic Acid. )ere are multiple
absorption peaks in the mid-infrared range of
4000∼400 cm−1 of fulvic acid extracted from the unfer-
mented peat by acid precipitation with different liquid acids
(Figure 3).)e typical functional groups and the FTIR signal

with the possible compounds are listed in Table 2 for ref-
erence [11–14]. FTIR of FC is shown in Figure 3(a) to
provide a standard for other fulvic acid samples.

In the unfermented group, according to the peak in-
tensity in 3700∼3200 cm−1, the hydroxyl content is
FP> FH> FS> FN from high to low, with FP having a strong
absorption peak at 3490 cm−1. FP has a strong absorption at
2970 cm−1, and FH is lower, indicating that methyl content
of FP is the highest; FH is the second, and methyl content of
FN and FS are similar. )e absorption peak of methylene is
at 2925± 5 cm−1, FP and FH show a strong absorption peak
at 2925 cm−1, the absorption peak of FH blue shifted to
2920 cm−1, the absorption peak of FP red shifted to
2928 cm−1, and the methylene content is FP> FH> FS> FN
from high to low. )is is explained by the fact that a part of
the weak covalent bonds in the aliphatic group of FN were
broken with the oxidability of nitric acid, which generated
oxygen-containing functional groups including phenolic
hydroxyl, carbonyl, and carboxyl, resulting in a decrease of
methyl and methylene groups. It is possible that all bands in
the area from 1900 to 1630 cm−1 could be influenced by
liquid acids, and the absorption peak intensity is
FP> FN> FH> FS, with FN and FP containing more ben-
zene rings. FN and FP show a sharp absorption peak at
1620∼1450 cm−1, which proves that FN and FP contained
more benzene rings. Additionally, the absorption band of
1300∼1000 cm−1 shows a different pattern for FN compared
with FS, FH, and FP, indicating that FN contained more
hydroxyls or ether bonds than the others. FP contains more
functional groups with the highest yield and the second
highest content, indicating that phosphoric acid is the best
liquid acid for the unfermented peat.

In the methane fermentation group, FMN has the
strongest absorption at 3700∼3200 cm−1, which shows that
FMN includes the largest number of -OH. Both in
2960± 10 cm−1 and 2925± 5 cm−1, FMP has the strongest
absorption while FMN has the weakest absorption, so the
content of methyl and methylene is
FMP> FMS> FMH> FMN from high to low. FMN sample
characterizes by a broad strong absorption band at
1900∼1630 cm−1, with moderate absorption bands around
the 1600 cm−1 region. )ese results suggest that there are
more carbonyls and benzene rings in FMN. In the range of
1300∼1000 cm−1, FMN with more hydroxyl or ether bonds
shows a strong absorption peak at 1046 cm−1. FMN had the
highest content of various functional groups, so that nitric
acid is the most appropriate liquid acid for the methane
fermentation group.

After methane fermentation, the peak intensity of FMH
and FMP decreases significantly, and the peak intensity of
FMN reduces slightly. )e peat residue was oxidized and
modified by nitric acid in the methane fermentation process,
enablingmore fulvic acid to be precipitated [14]. In the range
of 4000∼1200 cm−1, FMS has the lower absorption peak after
methane fermentation; while in the range of 1200∼400 cm−1,
the absorption peak of FMS increases.)is may be caused by
H+ released by sulfuric acid during the acid precipitation
process. )e combination of metal ions and carboxyl groups
of the fulvic acid would be broken by H+ to form free fulvic
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Figure 5: E4/E6 of fulvic acid.
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Figure 6: (a) Fluorescence spectrum of fulvic acid. Fluorescence spectrum of fulvic acid by (b) sulfuric acid precipitation, (c) nitric acid
precipitation, (d) hydrochloric acid precipitation, and (e) phosphoric acid precipitation.
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acid. Extraction of fulvic acid requires the addition of more
sulfuric acid to provide H+, resulting in the presence of more
sulfate in the FMS and causing an increase in the ash of FMS
[15]. During the methane fermentation process, some methyl
groups were consumed, causing the C-O bond of alcohols,
phenols and ethers were broken which resulted both in the
decrease of methyl, hydroxyl, and ether bonds and in the
increase of methylene, carbonyl, and benzene rings.

3.4. UV-Vis Spectrum of Fulvic Acid. In the whole wave-
length range of 200∼800 nm, a trend was shown that in-
creases first and then decreases in Figure 4, which might be
attributed to the diversity of the chromophore group and
extended conjugation [16]. All of the samples have a strong
UV-visible absorption existing in the near ultraviolet range
(200∼250 nm). )e maximum absorption wavelength (λmax)
of FC appeared at 213 nm (Figure 4(a)). )is is the π⟶ π∗
transition of the characteristic absorption band (E band) of
the aromatic benzene ring conjugated double bond.)e λmax
of FMH red shifted from 216 nm (FH) to 237 nm, and the
λmax of FMP also red shifted from 214 nm (FP) to 241 nm
(Figures 4(d) and 4(e)). However, the blue shift of fulvic
acids precipitated by sulfuric acid and nitric acid is observed
in Figures 4(b) and 4(c); it shows that the utilization of liquid
acids made a significant influence on the structure of fulvic
acid.

In the hydrochloric acid group and phosphoric acid
group (Figures 4(d) and 4(e)), the λmax shifts towards the
longer wavelength after methane fermentation; it is found
that the fulvic acid samples are a kind of condensed aro-
matic, with both the number of rings and the conjugated
bond increasing. )e structure of the benzene ring contains
chromophore including phenolic hydroxyl groups, benzene
carboxylic groups, and conjugated double bonds, resulting
in a π⟶ π∗ transition and π⟶ π∗ transition occurring
together. A blue shift was found in the sulfuric acid group
and nitric acid group (Figures 4(b) and 4(c)) after methane
fermentation; it can be speculated that the FMS may contain
more sulfonic group (-SO3H) and FMN may contain many
nitro groups (-NO2), which causes the λmax of FMS and
FMN to move to the shorter wavelength.

)e E4/E6 ratio is defined as the ratio of absorbance at
wavelengths of 465 nm and 665 nm. It is one of the im-
portant indicators for characterizing the composition
structure of humic acids. Most scholars believe that it relates
to the degree of aromatization or conjugate [17]. )e E4/E6
ratio is inversely proportional to the degree of aromatization
or conjugate, that is, the larger the E4/E6 ratio, the lower the
molecular complexity, and the lower the degree of aroma-
tization or conjugate. )e E4/E6 ratio decreases after
methane fermentation (Figure 5), demonstrating that the
aromatization of fulvic acid samples in the methane fer-
mentation group is higher than that of fulvic acid samples in
the unfermented group. )e methane fermentation would
consume the groups of fulvic acid with simple structure
including aliphatic chain hydrocarbons, while the compo-
sition structure with higher aromatization and conjugate
cannot be consumed.

)e E4/E6 ratio of FH in the unfermented group and
FMP in themethane fermentation group are the highest with
the simplest molecular structure. )e E4/E6 ratio of FN and
FMN is the lowest, which indicates that the fulvic acid by
nitric acid precipitation has a higher degree of
aromatization.

3.5. Fluorescence Spectrum of Fulvic Acid. )e fluorescence
spectrum of fulvic acid shows a trend of increasing first and
then decreasing with wavelength increase, and the broad
absorption peaks appear at the wavelength of 450 nm
(Figure 6). )e maximum fluorescence absorption intensity
of fulvic acid extracted from the methane fermentation
group is lower than that of fulvic acid in the unfermented
group. )is is because the fulvic acid obtained from the
methane fermentation group contains more complicated
structures, a higher degree of aromatization including
carbonyl group and benzene rings, and the fluorescence is
quenched due to the influence of solvent and temperature of
solution.

)e structural complexity of the fulvic acid obtained by
different liquid acid precipitation is different. )e maximum
fluorescence peak of FH and FP is observed at 417 nm and
425 nm, blue shifted to 415 nm (FMH) and 416 nm (FMP)
after methane fermentation, respectively. )e blue-shifted
fluorescence peaks are believed to be due to the simple
structure including aliphatic chain hydrocarbons of FMH
and FMP utilized by the microorganisms during the
methane fermentation process, resulting in that FMH and
FMP had high degree of aromatization and complex
structure (Figures 6(d) and 6(e)). A clear red shift occurs in
the sulfuric acid group and nitric acid group (FS⟶ FMS:
418 nm⟶ 420 nm, FN⟶ FMN: 414 nm⟶ 417 nm.)
(Figures 6(b) and 6(c)). As sulfuric acid has strong acidity
and nitric acid has strong oxidizing nature, an abnormal
phenomenon occurred in FMS and FMN [14, 15].

4. Conclusion

(1) )e yield and content of fulvic acid extracted from
the peat residue after methane fermentation signif-
icantly reduces, and it shows that part of fulvic acid
will be degraded during methane fermentation. With
different liquid acid precipitation, the yield of fulvic
acid by phosphoric acid precipitation is the highest
and the highest content of fulvic acid is by nitric acid
precipitation.

(2) FP is the best choice for acid precipitation of un-
fermented peat with the largest number of various
functional groups. FMN contains the largest number
of various functional groups, so nitric acid is the
better choice for peat residue after methane fer-
mentation. Methane fermentation leads to the in-
crease of methylene, carbonyl, benzene ring, and
other functional groups and consumes simple and
easy-to-use groups in fulvic acid, resulting in the
reduction of methyl and hydroxyl groups.
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(3) )e UV-visible spectrum of fulvic acid shows that it
makes a significant influence on the structure of
fulvic acid by different liquid acid precipitation. FMS
contains more -SO3H, and FMN contains more
-NO2. )e E4/E6 ratio of fulvic acid decreases after
methane fermentation; the simpler structure of fulvic
acid is consumed and utilized during the methane
fermentation process while the structure with a
higher degree of aromatization and conjugate cannot
be consumed. )e fulvic acid with simplest molec-
ular structure by hydrochloric acid precipitation can
be used by microorganisms easily.

(4) )e fluorescence spectrum of fulvic acid finds that
the methane fermentation group contains more
complicated structures and a higher degree of aro-
matization. As sulfuric acid has strong acidity and
nitric acid has strong oxidizing nature, FMS and
FMN display some anomalous phenomenon in
spectrum analysis.
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