
The Austrian Journal of Technical 
and Natural Sciences, No 11 – 12

ISSN 2310-5607

CALCULATION METHOD FOR DETERMINING THE REMAINING RESOURCE63

ppublishing.org

The Austrian Journal of Technical 
and Natural Sciences, No 11 – 12

DOI:10.29013/AJT-23-11.12-63-68 

QUALITATIVE CHARACTERISTICS OF A FUEL BRIQUETTE 
OBTAINED BASED ON LICORICE ROOT AND A BINDING MIXTURE

Tursunov Bakhodir Junaydullayevich 1, Adizov Bobirjon Zamirovich 2

1 Department of General Technical Sciences, Asian International University Uzbekistan
2 Institute of General and Inorganic Chemistry of the Academy 

of Sciences of the Republic of Uzbekistan, Uzbekistan

Cite: Tursunov, B. J., Adizov, B. Z. (2023). Qualitative Characteristics of a Fuel Briquette 
Obtained Based on Licorice Root and a Binding Mixture. Austrian Journal of Technical and 
Natural Sciences 2023, No 11-12. https://doi.org/10.29013/AJT-23-11.12-63-68

Abstract
Based on dried spent licorice roots (length 10–15 mm and thickness 3–7 mm) and a ready-

made binder mixture (gossypol resin 50%, oil sludge 70% and quicklime 1.5%), a fuel briquette 
was obtained in a ratio of 12:1. The qualitative characteristics of the fuel briquette were determined 
in the following order: water absorption of the fuel briquette, total moisture of the fuel briquette, 
ash content, mass fraction of total sulfur in the fuel briquette and the release of volatile substances. 
Based on the results obtained, the fuel briquette FB-4 turned out to be the best briquette.
Keywords: Licorice root, binder mixture, fuel briquette, water absorption, sulfur, ash 
content, volatile substances

Introduction
Currently, in Uzbekistan, most fuel bri-

quettes are made from coal and wood, as 
they are very economical and environmen-
tally friendly. Analyzing information, articles, 
patents, dissertations and other data on the 
production of fuel briquettes, we can conclude 
that raw materials have a very important as-
pect for the quality of the product.

In Uzbekistan, about 5 thousand tons of 
oil sludge are generated annually at refineries, 
and in oil and fat plants about 20 thousand 
tons of gossypol resin are used as a by-prod-
uct.

In recent years, in Karakalpakstan, the 
production of medicines from licorice roots 

has increased many times and a huge amount 
of waste from spent licorice roots has accu-
mulated, since in most cases they are not 
used and sometimes are not disposed of. The 
problem of recycling spent licorice roots in 
our country is one of the most pressing, since 
currently, with existing processing methods, 
almost half of the biomass of licorice roots is 
lost. This indicates a low level of woodworking 
technological processes. The most significant 
results in the use of spent licorice roots have 
been achieved by countries with a highly de-
veloped sawmill and woodworking industry, 
which is the main supplier of waste.

Today, after processing licorice, waste is 
generated in large quantities, that is, licorice 
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roots. Spent licorice roots are used as combus-
tion wood or fertilizer for poorly enriched soil. 
Many scientists are working on how to ratio-
nally use waste licorice roots for the needs of 
humanity.

The binder mixture was prepared from 
gossypol resin, oil sludge and quicklime. 
During the experiments, the composition of 
the sample of the finished binder mixture was 
selected: gossypol resin 50%, oil sludge 70% 
and quicklime 1.5%. Then, in order to obtain 
a high-quality fuel briquette, you first need to 
dry the spent licorice roots to ensure adhesion 
to the binder mixture.

High-quality drying of spent licorice roots 
was carried out in an ABM-065 drum dryer. 
After conducting experiments, a fraction of 
licorice root with a length of 10–15 mm and 
a thickness of 3–7 mm was selected, which 
was dried at a temperature of 70 ºC. Based on 
dried spent licorice roots (length 10–15 mm 
and thickness 3–7 mm) and a ready-made 
binder mixture (gossypol resin 50%, oil sludge 
70% and quicklime 1.5%), a fuel briquette was 
obtained in a ratio of 12:1.

Methods
The qualitative characteristics of the fuel 

briquette were determined in the following or-
der: water absorption of the fuel briquette, total 
moisture of the fuel briquette, ash content, mass 
fraction of total sulfur in the fuel briquette and 
the release of volatile substances.

Determination of water absorption 
of fuel briquettes. The water absorption 
of fuel briquettes (GOST 21289–75) was 
determined by keeping them in water at 
room temperature for 2 hours. Seven whole 
briquettes were weighed and immersed on 
a metal mesh in water to a depth of 30 mm 
from the surface. After being under water, the 
grid with briquettes was taken out, the water 
was allowed to drain for 2 minutes, then the 
briquettes were weighed on technical scales.

The water absorption of the fuel briquette 
(W), in percent, was calculated using the for-
mula

W
m m

m
�

�1

where m -mass of briquettes before testing, g; 
m1– mass of briquettes after testing, g.

Determination of total moisture. The 
determination of total moisture was carried 
out according to GOST R 52911–2008 using 
a one-step method.

The initial fuel briquette sample was 
crushed to a maximum piece size of 11.2 mm 
and reduced to a minimum weight of 2.5 kg. 
The tray with the briquette was placed in a dry-
ing cabinet at 105–110 ºС in air. Air exchange 
rate – up to 5 times per hour. Drying was con-
sidered complete if the weight loss of the sample 
during the time between two dryings did not 
exceed 0.2% of the total weight loss.

The mass fraction of total moisture Wt, in 
percent, was determined by the formula

W
m m
m mt �

�
�

2 3

2 1

100·

where m2 -mass of the tray with the sample 
before drying, g; m3– mass of the tray with the 
sample after drying, g; m1– mass of an empty 
tray, g.

The arithmetic mean value of the results of 
two parallel determinations was taken as the 
result of determining the mass fraction of total 
moisture. Calculations were carried out with 
an accuracy of 0.01% and rounded to 0.1%.

Determination of ash content. To 
determine the ash content of a fuel briquette 
(GOST 11022–95) (Konyukhov, V.Yu., Ker-
ban, N.V., 2015), an analytical sample was 
used, crushed to the size of particles passing 
through a sieve with a mesh size of 0.2 mm. 
Before starting the determination, the analyt-
ical sample was thoroughly mixed for 1 min 
mechanically.

The pre-heated crucible was weighed, 
1–2 g of sample was evenly distributed and 
weighed again. Weighing error is no more 
than 0.1 mg. The crucible with the sample was 
placed in a muffle furnace at room tempera-
ture. Over 60 minutes, the oven temperature 
was increased to 500 ºC and this temperature 
was maintained for 30 minutes. Next, heating 
was continued to (815 ± 10) ºС in the same 
oven and maintained at this temperature for 
at least 60 minutes.

After calcination, the crucible was removed 
from the furnace and cooled on a thick metal 
plate for 10 min, and then placed in a desicca-
tor without a drying agent. After cooling, the 
crucible with the ash residue was weighed.
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Then control calcinations were carried out 
at (815 ± 10) ºС for several 15-minute peri-
ods until the subsequent mass change was no 
more than 1 mg.

The ash content of analytical sample A, %, 
by weight, was calculated using the formula

A
m m
m m

�
�
�

3 1

2 1

100·

where is the m1 -mass of the crucible, g; m2– 
mass of crucible with sample, g; m3– mass of 
crucible with ash, g.

The arithmetic mean of the two closest 
definitions was taken as the test result.

Determination of total sulfur. Deter-
mination of the mass fraction of total sulfur in 
the fuel briquette was carried out according to 
GOST 8606–93 using the gravimetric meth-
od. This method is based on the absorption of 
sulfur oxides formed during the combustion of 
a sample of fuel by an Eschka mixture consist-
ing of magnesium oxide and anhydrous sodium 
carbonate with the formation of magnesium 
and sodium sulfates. The resulting salts were 
dissolved in hot water and precipitated with 
barium chloride in a solution acidified with hy-
drochloric acid. Based on the amount of barium 
sulfate, the mass fraction of total sulfur, %, was 
calculated using the formula

S
m m

m
K SO

�
� �� �13 74 0 033482 3

1

2 4
, , �

where is the m1– mass of the sample, g; m2– 
mass of barium sulfate obtained during de-
termination, g; m3– mass of barium sulfate 
obtained during control determination, g; 
ρK SO2 4

– mass concentration of potassium sul-
fate solution, g/dm3.

The result was taken as the arithmetic 
mean of two parallel determinations with an 
accuracy of ± 0.1%.

Determination of the yield of volatile 
substances. The yield of volatile substances 
was determined according to GOST 6382–
2001 (Rasskazova, A.V., Alexandrova, T.N., 
2013) by heating a sample sample without 
access to air at a temperature of 900 ºC for 7 
minutes and calculated by the weight loss of 
the sample minus the weight loss due to the 
humidity of the sample.

The yield of volatile substances from the 
analytical sample of the tested fuel Va,%, was 
calculated using the formula

V
m m

m m
Wa a�

�
�

�
100 2 3

2 1
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where is the m1 -mass of an empty crucible 
with a lid, g; m2– mass of the crucible with lid 
and sample before testing, g; m3– mass of the 
crucible with a lid and non-volatile residue 
after testing, g; Wa – mass fraction of moisture 
in the analytical sample, %.

The yield of non-volatile residue from the 
analytical sample of the tested fuel (NV)a, %, 
was calculated using the formula

NV
m m

m m
a� � �

�
�

100 3 1
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If the mass fraction of carbon dioxide from 
carbonates in the fuel sample is more than 2%, 
the yield of volatile substances corrected for 
carbon dioxide from carbonates VCO

a

2
, %, was 

calculated using the formula

V V CO CO
NV

CO
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where (СО2)
а is the mass fraction of carbon di-

oxide from carbonates in the analytical sample; 
CO

NV

a

2� � – mass fraction of carbon dioxide from 
carbonates in the non-volatile residue.

The result was taken as the arithmetic 
mean of two determinations that were within 
the acceptable discrepancies.

Results and discussion
To conduct research on the water absorp-

tion of fuel briquettes, we obtained samples 
based on dried spent licorice root (fraction 
size 10–15 mm long and 3–7 mm thick) and 
a binder mixture (Table 1).

Table 1. – Ratio of dried spent licorice root 
(DSLR) and binder mixture (BM) for ob-

taining fuel briquettes
Samples FB DSLR: BM

Fuel briquette –1 9:1
Fuel briquette –2 10:1
Fuel briquette –3 11:1
Fuel briquette –4 12:1
Fuel briquette –5 13:1
Fuel briquette –6 14:1
Fuel briquette –7 15:1

Note: FB – fuel briquette, DSLR – dried 
spent licorice root, BM – binder mixture.
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The final results of water absorption of fuel 
briquettes can be seen in Figure1.

Figure 1. Dependence of water absorption of a fuel briquette on its composition

As can be seen from Figure 1, fuel bri-
quettes FB-1, FB-2, FB-3 and FB-4 have the 
lowest water absorption rate than others, be-
cause this aspect is influenced by the adhe-

sive strength of the composition of the fuel 
briquette.

Each sample of fuel briquette was exam-
ined to determine the mass fraction of total 
moisture, which is shown in Table 2.

Table 2. Mass fraction of total moisture of the fuel briquette

Index
Samples of fuel briquettes

FB-1 FB-2 FB-3 FB-4 FB-5 FB-6 FB-7
Mass fraction of total moisture. % 0.06 0.09 0.14 0.19 0.29 0.36 0.48

As can be seen from Table 2, the lower 
the mass fraction of total moisture in the bri-
quette, the better its quality for use as a fuel 
briquette. But since not only quality, but also 
efficiency also plays an important role in the 
production of fuel briquettes. Based on the 
GOST requirements, the most acceptable sam-
ple turned out to be FB-4 for production.

Research to determine the ash content of 
a fuel briquette plays a very important role, 
since the formation of ash affects the environ-
ment. The formation of ash for each briquette 
sample with increasing temperature can be 
seen in Figure 2.

Figure 2. Dependence of the ash content of a fuel briquette 
on the amount of binder mixture in the composition
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As can be seen from Figure 2, the forma-
tion of ash content of the FB-4 fuel briquette 
at a temperature of 500 °C is 1.4%, at a tem-
perature of 815 °C it is 1.8%, and at a tem-
perature of 825 °C the ash content of the an-
alytical sample is 2.1%. The formation of ash 
content in other fuel briquette samples was 
higher than in the FB-4 fuel briquette.

The following study to determine the mass 
fraction of total sulfur in a fuel briquette was 
carried out according to the gravimetric meth-
od. Based on the amount of barium sulfate, 
the mass fraction of total sulfur in each sample 
of fuel briquette was calculated; the results 
obtained are shown in Table 3.

Table 3. Mass fraction of total sulfur in the fuel briquette

Index
Samples of fuel briquettes

FB-1 FB-2 FB-3 FB-4 FB-5 FB-6 FB-7
Mass fraction of total sulfur. % 0.49 0.38 0.23 0.16 0.12 0.09 0.07

The following study to determine the yield 
of volatile substances from a fuel briquette 
was carried out in accordance with GOST 

6382–2001. The results of the data on the re-
lease of volatile substances from each sample 
of the fuel briquette can be seen in Figure 3.

Figure 3. Dependence of the yield of volatile substanc-
es from a fuel briquette on its composition

As can be seen from Figure 3, the yield of 
volatile substances from a fuel briquette will 
directly depend on the amount of binder mix-
ture used. Since the ratio of licorice root and 
binder mixture in each briquette is different 
and the amount of binder mixture decreases, 
the yield of volatile substances in the samples 
also decreased from 13.7 to 4.2%.

Conclusion
In this work, samples of fuel briquettes 

were obtained based on dried spent licorice 
root (fraction size 10–15 mm long and 3–7 mm 

thick) and a binder mixture in a ratio of 12:1. 
After all tests have been carried out, namely, 
the water absorption of the TB-4 fuel briquette 
meets the requirements of the standard, the 
mass fraction of the total moisture of the TB-4 
fuel briquette is less than 0.2%, the formation 
of ash when heating the TB-4 fuel briquette has 
the lowest indicator. The mass fraction of total 
sulfur in the TB-4 fuel briquette complies with 
GOST requirements, and the yield of volatile 
substances from the TB-4 fuel briquette direct-
ly depends on the amount of binder mixture 
used in the briquette.
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