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Abstract: Based on the characteristics of the lignite sample, effects of assistant anthraquinone (AQ) on extraction yield of humic 
substances (HS) and the action mechanisms of AQ in alkaline condition were studied by Fouvier transform infrared (FT-IR) 
spectroscopy. The results indicate that assistant AQ can not only increase the extraction yield of HS but also reduce the alkali dosage 
(NaOH) as well as the extraction temperature and extraction time. Under the optimal conditions of alkali dosage of 9%, AQ dosage 
of 0.75%, extraction temperature of 80 ºC, extraction time of 30 min, stirring speed of 600 r/min and solid-to-liquid ratio of 1:3, the 
extraction yield of HS reaches 80.08%, which is increased by more than 20% compared with the conventional extraction. FT-IR 
spectra show that AQ is able to prevent dissolved HS from being destroyed into undissolved substance by alkali and HS obtained in 
the presence of AQ possesses more groups of —COOR and —COOH than that obtained without AQ. 
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1 Introduction 
 

Binders are essential in the production of iron ore 
pellets. One promising type of binder is based on humic 
substances (HS), which has been shown in laboratory 
studies to be suitable for producing iron ore pellets [1]. 
Lignite is used as a main source of the humic substances, 
and great reserves are found in China [1−2]. The humic 
substances are prepared by the extraction procedure of 
the original lignite sample. Therefore, humic substances 
would be much cheaper alternatives to the current 
organic binders. 

In recent years, researchers have focused on the HS 
extraction from lignite by the primary three methods: 
alkaline extraction, acid extraction and microorganism 
fermentation. Compared with the alkaline extraction 
method, HS extracted by acid extraction method contains 
more impurities, and microorganism fermentation 
method has longer reaction period and lower extraction 
yield [3−5]. Therefore, the two methods are only limited 
to the laboratory stage. 

At present, alkaline extraction for HS from lignite is 
widely used. But, during the extraction, there exists some 
problems to be resolved, including the low extraction 

yield, high extraction agent dosage and so on. Some 
researchers have used catalysts (such as nickel vitriol) or 
pretreating measures (including air oxidation, nitric acid 
oxidation and ultrasonic pretreatment) to improve the 
extraction process. However, the total extraction yield of 
HS is still very low (less than 60% usually) [6]. So far, 
there has been few reports on the extraction methods of 
HS from lignite with anthraquinone (AQ) as assistant in 
alkaline solution for improving the extraction yield. 

In this work, the characteristics of the lignite sample 
are firstly studied by chemical analysis method and 
FT-IR spectroscopy. And the assistant AQ is used to 
improve the extraction process of HS from lignite. More 
attention is paid to the effect of AQ and its dosage, alkali 
dosage and other extraction parameters on yield of HS 
during the extraction procedure. The action mechanisms 
of AQ are analyzed by FT-IR spectra at the same time. 
 
2 Experimental 
 
2.1 Raw materials 
2.1.1 Lignite 

The lignite sample was taken from Liling in Hunan 
Province, China. At the beginning, the sample was 
homogenized and dried at room temperature for three  
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days, then crushed to powers with the granularity below 
1 mm. 

As well-known, lignite contains organic and 
inorganic constituents simultaneously. The proximate 
analysis of lignite indicates that the sample consists of 
39.43% fixed carbon, 34.79% volatile matter and 25.78% 
ash. 

The FT-IR spectrum of the lignite is shown in Fig.1. 
 

 
Fig.1 FT-IR spectrum of lignite sample 
 

From Fig.1, by considering the high ash content in 
lignite, the absorption of some hetero-oxy compounds 
such as Si—O—Si (1 055−1 020 cm−1) or Si—O—C  
(1 110−1 080 cm−1) is also likely to occur within this 
range [7]. The absorption at 3 398 cm-1 is attributed to 
stretching of —OH groups. Within the wide frequency 
range from about 1 550 to 1 790 cm−1, peaks are 
principally assigned to protonate carboxylic (—COOH), 
carboxylate anion   (—COO—) and ester carbonyl  
(—COOR) groups [8−9]. It is noteworthy that there are 
protonated groups (—COOH) and ester carbonyl groups 
(—COOR) in the lignite [8−11]. 
2.1.2 Extractant and assistant AQ 

In this experiment, chemically pure sodium 
hydroxide (NaOH) was used as the extractant according 
to the former researches [1−2]. 

AQ stands for anthraquinone which is characterized 
by colorless or yellowish needle crystal. It is soluble in 
alcohol, ether and alkali solution. The FT-IR spectrum 
and structural formula of assistant AQ is shown in Fig.2, 
indicating that AQ consists of benzene rings and two 
carbonyl groups. Literatures have shown that AQ can 
maintain the stability of carbohydrate, and enhance the 
extraction yield and reaction rate in the chemical pulp 
production [12−13]. 
 
2.2 Methods 
2.2.1 FT-IR study 

The infrared spectra of lignite, assistant AQ and 
humic substances extracted from lignite were recorded  

 

 
Fig.2 FT-IR spectrum of AQ 
 
using a Nicolet Model Nexus670 series Fourier 
transform infrared spectrometer from Digilab operating 
in the range of 4 000–400 cm−1. The KBr pellet technique 
is adopted for recording the spectra. About 1 mg of the 
desired powder sample was thoroughly mixed with   
100 mg of spectroscopic grade KBr and pressed into 
pellets for recording the spectra. 
2.2.2 Extraction yield of humic substances 

Extraction yield of humic substances is calculated 
by the following equation [5−6]: 
 

dissres

diss

mm
m
+

=η                               (1) 

 
where η is the extraction yield, mdiss is the mass of the 
dissolved humic substances extracted from the 100 g 
lignite sample, and mres is the mass of the indiscerptible 
residues after extracting. 
2.2.3 Experimental flow sheet and procedures 

The experimental flow sheet is shown in Fig.3. 
 

 
Fig.3 Experimental flow sheet of extraction of HS 
 

As shown in Fig.3, the main testing procedures 
included extracting, filtrating, drying, and determining of 
extraction yield of HA. Firstly, 100 g of the lignite 
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sample was mixed with distilled water designed by solid- 
to-liquid (S/L) ratio in an enamel cup, which was heated 
by the electronic constant-temperature water-bath heater. 
Secondly, certain percentages of alkali and assistant AQ 
were placed into the enamel cup. Under the conditions of 
designed extraction temperature, time, and stirring speed, 
HS was extracted from the lignite and transferred into the 
solution. After extracting, the residue and filtrate were 
separated by a vacuum suction filter. The filtrates and 
residue were dried at 60 °C to a constant mass. Finally, 
extraction yield of HS was calculated according to 
Eq.(1). 
 
3 Results and discussion 
 
3.1 Effects of solid-to-liquid (S/L) ratio and stirring 

speed 
The former literature [14] has shown that S/L ratio 

and stirring speed have obvious effects on the extraction 
process of HS. And the experimental results are listed in 
Table 1. The other experimental conditions are as follows: 
alkali dosage of 12%, AQ dosage of 0.25%, extraction 
temperature of 100 ºC, and extraction time of 60 min. 
 
Table 1 Effects of S/L ratio and stirring speed on extraction 
yield of HS 

Experimental condition 

S/L ratio Stirring speed/(r·min−1) 
η/% 

 400 50.48 

1:3 600 62.44 

 800 62.81 

1:2  53.77 

1:3 600 62.44 

1:4  57.49 

 
As shown in Table 1, the extraction yield of HS is 

obviously increased when the stirring speed ranges from 
400 r/min to 600 r/min. But the extraction yields of HS is 
increased slightly when the stirring speed is increased 
from 600 r/min to 800 r/min. Considering that high 
stirring speed leads to energy consumption, stirring 
speed of 600 r/min is fixed in the later tests. It is also 
seen from Table 1 that, with the change of S/L ratio from 
1:2 to 1:4, the variation trend of extraction yield of HS is 
sharply increased then slowed down. With the decrease 
of S/L ratio, the concentration of alkali solution is 
obviously reduced under the same alkali dosage. 
Generally speaking, the extraction yield of HS will reach 
the optimum value until the alkali concentration is up to 
a significant quantity. 

From the results, the optimal S/L ratio and stirring 
speed are chosen as 1:3 and 600 r/min, respectively. 

3.2 Effects of AQ dosage 
Fig.4 illustrates the effect of AQ dosage on HS 

extraction yield. The experimental conditions are fixed as 
follows: alkali dosage of 12%, extraction temperature of 
100 ºC, time of 60 min, S/L ratio of 1:3 and stirring 
speed of 600 r/min. 
 

 
Fig.4 Effect of AQ dosage on extraction yield of HS 
 

As shown from Fig.4, assistant AQ significantly 
improves the extraction yield of HS. With the variation 
of AQ dosage from 0 to 1.0%, the extraction yield 
presents a rising trend. As far as the extraction yield is 
concerned, it almost reaches the utmost value of 82.75% 
if AQ dosage is up to 0.75%. 

The structural differences between the HS-A, HS-A 
extracted with 0.75% AQ dosage and HS-B, HS-B 
extracted without AQ are studied by FT-IR spectroscopy. 
As displayed in Fig.5, differences in structural signatures 
are observed between HS-A and HS-B. The relative peak 
intensities, reflecting the relative amount of each 
functional group, are different for HS-A and HS-B. The 
spectra show that the bands are centered between      
1 700 cm−1 and 800 cm−1, but the bands at 1 695 cm−1 
and 1 275 cm−1 for HS-A are stronger than those for 
HS-B. On the HS-B spectrum, the peak at 1 344 cm−1 for 
HS-A undergoes a shift towards higher wavenumber at 
 

 
Fig.5 FT-IR spectra of HS 
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1 391 cm−1 [15−16]. Fig.5 also shows that the most 
discriminating variables for the two HS are FT-IR 
functional groups of O—H (H-bonded COOH) and    
—COOR. In comparison with HS-B, HS-A has more 
groups of —COOR and —COOH. This gives forcible 
evidence that assistant AQ is capable of preventing HS 
from being destroyed by NaOH, which increases the 
extraction yield of HS. 
 
3.3 Effects of alkali dosage 

Under the conditions of extraction temperature of 
100 ºC, extraction time of 60 min, S/L ratio of 1:3 and 
stirring speed of 600 r/min, effects of alkali dosage on 
extraction yield of HS are studied and the results are 
plotted in Fig.6. 
 

 
Fig.6 Effects of alkali dosage on extraction yield of HS 
 

Fig.6 indicates that the extraction yield of HS 
without AQ is obviously increased when the alkali 
dosage ranges from 7% to 12%. When the alkali dosage 
is 12%, the extraction yield of HS almost reaches the 
maximum of 60.38%. While the alkali dosage further 
increases to 15% or 17%, the extraction yield starts to 
decrease. The changing rule of extraction yield is the 
same as that presented in Ref.[14]. The main reason is 
that the dissolvable carbohydrates in the lignite are easily 
destroyed and changed into indissoluble substances with 
higher sodium hydroxide dosage, resulting in the 
decrease of extraction yield of HS [15, 17]. 

In the presence of 0.75% assistant AQ during 
alkaline extraction, the extraction yield of HS always 
presents an ascending trend with the increase of alkali 
dosage between 7% and 17%, sharply increases when the 
alkali dosage is enhanced from 7% to 9%, while the 
extraction yield is improved only a little along with a 
further rising of alkali dosage. When using assistant AQ 
in the alkaline extraction, the dissolvable carbohydrates 
in HS are prevented from being destroyed by alkali to 
some degree, even if the dosage of sodium hydroxide is 
high. 

Under the condition of alkali dosage of 9%, the 
extraction yield of HS gets to 81.24%. While under the 
optimal condition of alkali dosage of 12%, the extraction 
yield of HS without assistant AQ is no more than 60.38%. 
The results show that using 0.75% AQ as assistant can 
reduce alkali dosage (NaOH) by 3% at least. 
 
3.4 Effects of extraction temperature 

Under the conditions of alkali dosage of 9%, 
assistant AQ dosage of 0.75%, extraction time of 60 min, 
S/L ratio of 1:3, and stirring speed of 600 r/min, the 
effects of extraction temperature on extraction yield of 
HS are tested and displayed in Fig.7. 
 

  
Fig.7 Effects of extraction temperature on extraction yield of 
HS 
 

From Fig.7, it can be seen that the extraction yield 
of HS presents an ascending tendency with the increase 
of extraction temperature. Under the condition of 
assistant AQ of 0.75%, an extraction yield above 74.32% 
can be obtained when the temperature is higher than   
60 ºC. At 80 ºC and 100 ºC, the extraction yield is almost 
the same. At 80 ºC, an extraction yield of 80.56% can be 
obtained in the presence of 0.75% AQ. 

Fig.7 also shows that using 0.75% AQ as assistant 
can reduce the extraction temperature by 20 ºC, 
compared with the conventional extraction temperature 
of 100 ºC without assistant AQ. 
 
3.5 Effects of extraction time 

Fig.8 illustrates how extraction time affects the 
extraction yield under the conditions that alkali dosage is 
9%, assistant AQ dosage is 0.75%, extraction temperature 
is 80 ºC, S/L ratio is 1:3 and stirring speed is 600 r/min. 

As shown in Fig.8, with prolonging the extraction 
time from 10 min to 30 min, the extraction yield is 
increased from 30.76% to 80.08%. However, extraction 
time has little impact on the extraction yield if it is 
further increased to 60 min. 
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Fig.8 Effects of extraction time on extraction yield of HS 
 

The results also imply that assistant AQ can 
decrease the extraction time by about 30 min, compared 
with the conventional optimal extraction time of 60 min. 
 
4 Conclusions 
 

1) FT-IR spectra indicate that the lignite sample 
mainly consists of —OH (3 398 cm−1) groups and    
—COOH, —COO— and —COOR (1 550−1 790 cm−1) 
groups, as well as some hetero-oxy compounds, such as 
Si—O—Si (1 055−1 020 cm−1) or Si—O—C (1 110−   
1 080 cm−1). 

2) Anthraquinone (AQ) is used to improve the 
extraction process of HS from lignite for the first time. 
Determination of FT-IR spectra shows that HS-A 
obtained in the presence of 0.75% AQ has more groups 
of —COOR and —COOH than HS-B obtained without 
AQ, and assistant AQ can prevent dissolved HS from 
being destroyed into undissolved substance by NaOH, 
which increases the extraction yield of HS. 

3) Assistant anthraquinone (AQ) has positive 
influence on the extraction yield of HS. Compared with 
the conventional extraction conditions without AQ, the 
extraction yield of HS is increased by more than 20% by 
using AQ. However, the extraction temperature is 
decreased by 20 ºC, the alkali dosage (NaOH) by 3% at 
least, and the extraction time is reduced to 30 min. 

4) When using anthraquinone (AQ) as assistant, 
optimal experimental parameters are obtained as follows: 
alkali dosage of 9%, AQ dosage of 0.75%, extraction 
temperature of 80 ºC, extraction time of 30 min, S/L ratio 
of 1:3 and stirring speed of 600 r/min. Under these 
conditions, the extraction yield of HS is 80.08%. 
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