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With the aim of investigating the efficiency of biochar for desalination,
experiments with adsorbent treatment at four levels including sesame flour,
biochar at temperatures of 400, 500 and 600 °C and salt water treatment at
four levels including 5, 10, 20 and 35 dS/m were conducted in three
replications as a factorial experiment in the form of a completely randomized
design in a discontinuous environment. The adsorption of the salinity factor
ions was studied in the presence and absence of copper ions. The results
showed that the desalination capacity without the presence of copper ions in
the best adsorbent (Biochar 600) was obtained at the studied salinities of
411.6 mg/g. While the desalination capacity in the presence of copper ions
using the same adsorbent at the studied salinities was 382.2 mg/g, indicating
competition between ions and 8.0% decrease in adsorption capacity for
salinity 35 dS/m. In both the presence and absence of copper, the highest
adsorption was assigned to chlorine and sodium ions and the lowest to
potassium ion. In summary, sesame flour biochar, owing to its high active
surface area, porous structure, and suitable functional groups on the surface,
effectively adsorbs salt ions in the presence of copper ions during the
adsorption process.
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Efficiency of Biochar for Desalination

EXTENDED ABSTRACT

Introduction

The role and importance of brackish and saline
water in lIran's agriculture in the future as a
suitable and cheap source of water should be
studied and paid attention to so that it can be used
for the development of the cultivated area through
special management. On the other hand, the
contamination of various ecosystems with
potentially toxic elements is one of the most
important environmental problems threatening the
life of plants, animals and especially humans.
Industrial effluents are a major source of various
types of metal pollution in natural waters.
Irrigation of agricultural land with wastewater
causes many environmental problems and, due to
the non-degradable nature and also the cumulative
property of metals, they cause many risks to
human health. Various adsorbents are used to
remove pollutants from aqueous solutions,
including zeolite, plant residues, clay, activated
carbon, etc. Today, surface absorption is
recognized as an effective and economical method
of purifying saltwater and wastewater. In recent
years, the use of biochar as a carbon sequestrate to
remove various pollutants has been welcomed. In
general, biochar is used to mitigate the harmful
effects of climate change, to produce energy, to
improve the condition of soil and land
management, to manage agricultural waste and to
reduce the risks posed by the spread of pollution
in nature. It is believed that very little research has
been carried out, or that different levels of salinity
in the presence of potentially toxic elements have
not been studied. This research has attempted to
investigate this issue using carbon absorbents
made from sesame flour.

Material and Methods

In this research, the possibility of removing salt
ions in the presence and absence of copper ions in
saline water environments by sesame flour (BO)
and biochar produced from it at temperatures 400
(B1), 500 (B2), and 600 (B3) was tested. First,
sesame flour was converted to biochar.
Experiments with adsorbent treatment at four
levels (sesame flour, biochar at temperatures of
400, 500, and 600 degrees Celsius), salt water
treatment at four levels (5, 10, 20, and 35 dS/m)
in three replications. It was conducted as a
factorial experiment in the form of a completely
randomized design in a discontinuous
environment. Data analysis and comparison of
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means were performed using SPSS version 22
software and LSD test at 5% level. To adapt the
test conditions to natural conditions, a sample of
drainage water from the Chah-Afzal Ardakan well
area with a salinity of 35 dS/m was used, and other
salinity concentrations were prepared by adding
distilled water. CuSO4 with a concentration of
100 mg/liter was used to prepare the saline
solution containing copper ions. 100 ml of salt
water was added to each conical flask and the lid
was closed. The samples were then placed on a
shaker at a temperature of 25 °C for 120 min at
180 rpm. The resulting solution was left to stand
for 48 hr to separate the solid and liquid
components. It was then passed through filter
paper and the concentration of dissolved ions

including  sodium,  potassium,  calcium,
magnesium, chlorine and bicarbonate was
measured. The adsorption capacity and

percentage of water salinity factor ions and copper
ions by the adsorbents were also calculated.

Results

According to the obtained results, at a salinity of
35 dS/m, the highest and lowest amount of
adsorbed ions were related to chlorine and
potassium ions, respectively, with values of 184.9
and 10.1 mg/g, and the salinity of the solution
after Adsorption for all four levels of salinity
reached 3.9, 7.5, 14.4 and 24.5 dS/m. The salt
absorption capacity of the prepared adsorbents
ranged from 7.9 to 411.6 mg/g. Also, the
desalination capacity of the best adsorbent for
absorption (600 biochar) in electrical conductivity
of 5, 10, 20 and 35 dS/m is 43.7, 80.9, 188.9 and
411.6 mg/qg respectively. According to the results
of these absorption values, it reduces the total ions
of water salinity by 22.7, 24.6 and 8. 27 and 1.30
percent. The highest and lowest percentages of
absorption by adsorbents in water with a salinity
of 35 dS/m are related to sesame flour and Biochar
600 with values of 9.6 and 30.1%. Table (1) shows
adsorption rate of soluble ions without the
presence of copper by the prepared adsorbents.
The different concentration of different ions in the
initial solution affects the amount of adsorption.
According to the obtained results, the amount of
adsorption of different salinity ions from the
wastewater was also higher for chlorine and
sodium than for other salinity ions, as well as the
adsorption of salinity without the presence of
copper. According to the results obtained, at a
salinity of 35 dS/m, the highest and lowest
amounts of adsorbed ions were related to chlorine
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and potassium ions, with values of 176.3 and 9.7
mg/g, respectively. Potassium with the lowest
amount of adsorption had the least significant

difference, and chlorine and sodium also had the
most significant difference at the 5% level.

Table 1 Absorption rate of soluble ions without the presence of copper by the prepared absorbents.

Absorption rate of soluble ions (mg/g)

EC2

Adsorbent (ES% ) K Na Ca Mg cl HCOs (ds/m)
BO 5 01h  3.6m -0.3h 0.1 2.8k 02 18
BO 10 0.3gh 122k  -Lii 09 125 -1.0ij 9.3
BO 20 0.5gh  28.7g 2.4 A1ij 354 1.8ij 18.2
BO 35 099  634e  -6.1k 24j 789 2.9 31.6
B1 5 0.6gh 7.8l 0.79 0.8 11.1f 1.2h 4.4
B1 10 13f  188i 1.7f 14fh  215i 3.1f 8.5
B1 20 21e  4509f 3.4d 3.1f 64.3f 4.2¢f 16.4
B1 35 41c  1183c  5.2c 484 128.1c 5.3 28.2
B2 5 10g 86 1.1fg 12fh  15.8ij 219 42
B2 10 21e  21.6h 2.3e 259 27.4h 4.3ef 8.2
B2 20 3.4ce 52.4¢ef 4.7cd 4.5d 79.1e 6.7d 15.6
B2 35 76b 13350  8.9b 86b  149.8b 10.4b 26.8
B3 5 15f 138 2.2 18fh  20.6i 3.8f 3.9
B3 10 31ce 2779 4lcd 37e  358g 6.5d 75
B3 20 49d  68.9d 7.3 57c  92.3d 9.8¢ 14.4
B3 35 101a  1676a 1581  149a  1849a 18.3a 245

The numbers that have a common letter in each column have no significant difference at the 5% probability level.

Conclusions
The results of this section showed that:

1. By increasing the pyrolysis temperature,
biochar production efficiency decreased and
biochar's specific surface area, cross-sectional
area and volume of pores, electrical conductivity,
pH and its ash increased.

2. Chlorine and sodium ions had the highest
concentration in the analysis of drain water with
different electrical conductivities. Meanwhile, the
amount of adsorption of different ions of salinity
from drainage water with and without the
presence of copper ions for chlorine and sodium
was higher than other ions of salinity, and the
highest adsorption capacity was obtained for
biochar 600.

3. The adsorption capacity for this adsorbent in
reducing salinity without the presence of copper
ions was 411.6 mg/g, and also for removing
salinity from drainage water with the presence of
copper ions, 382.2 mg/g was obtained, which
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shows the presence of copper ion caused more
competition between ions and in general caused a
reduction of about 8% of salt adsorption at a
salinity of 35 dS/m, and the salinity of the solution
after adsorption for all four adsorbents was 3.9,
7.7,14.8, and 2.25 dS /m.

4. In both the presence and absence of copper, the
highest adsorption was assigned to chlorine and
sodium ions and the lowest to potassium ion. The
amount of sodium adsorption by biochar 600
adsorbent in the presence of copper ion with a
concentration of 100 mg/l was obtained between
20.8 and 154.3 mg/g.

Data Availability

The data used in this research are presented in the
paper.
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Table 1 Chemical analysis of used salt water

EC TDS K Na Ca Mg Cl HCO;
(dS/m) mg/|
5 3071.8 48.2 814.3 53.3 134.1 1240 299.5
10 6118.3 75.1 1654.4 125.9 255.2 2589.9 448.3
20 12213 131.8 3526.2 257.1 388.6 5318.1 622.8
35 21338.3 171.3 6356.8 488.2 577.2 9407.9 944.1
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Parameter Unit Sesame residues Biochar 400 Biochar 500 Biochar 600
Bulk density g/cm?® 0.187 0.387 0.417 0.478
Specific area m?/g 73.21 198.43 238.17 317.21
Average pore diameter  nm 3.18 2.53 2.24 1.87
Pore volume cm®/g 0.043 0.101 0.123 0.168
Yield efficiency % - 48.19 41.98 37.85
Ash % - 18.46 20.21 23.13
pH - 7.35 8.01 8.22 8.3

EC dS/m 0.24 0.17 0.16 0.16
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Fig. 1 Infrared spectrum of biochar made from sesame flour at temperatures of 400, 500 and 600 a) before
absorption and b) after absorption
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Table 3 Absorption rate of soluble ions without the presence of copper by the prepared adsorbents

Adsorption rate of soluble ions (mg/g)

EC2

Adsorbent (dES%] , K Na Ca Mg cl HCO; (dS/m)
BO 5 01h  36m  03h 01 48k 0.2i 28
BO 10 03gh 122k  -11i  -09ij 125 1.0ij 93
BO 20  05gh 2879 -24j  -11ij  354g 1.8ij 18.2
BO 35 09y 634 -6k -24] 789 2.9 316
B1 5  06gh 78 079  08h  114f 1.2h 44
B1 10 13f 1881  17f  14fh 215 3.1f 85
B1 20 2le  459f  3.4d 31f  643f 4.2f 16.4
B1 35 41c  1183c  52c  48d  128.1c 5 3 28.2
B2 5 10g 86 11fg  12fh  158i 2.1g 4.2
B2 10 21e  21.6h  23¢ 259  27.4h 43¢t 8.2
B2 20 34ce 524ef  47cd  45d  79.1e 6.7 15.6
B2 35 76b 13350  89b  86b 1498  10.4b 26.8
B3 5 15f  138]  22¢  18fh  20.6i 3.8 3.9
B3 10 3lce 2779 4lcd  37e  358g 6.5 75
B3 20  49d e89od  73b  57c  923d 9.8¢c 14.4
B3 35  101a 167.6a 158a 1492 18492  183a 245

il o 07 Jloist mhaw 5o jlo siee Sglas w8l aiiiin S e By SO 6l e oy 4 golael
The numbers that have a common letter in each column have no significant difference at the 5% probability level
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Fig. 2 Comparison of the average amount of
desalination by the absorbents under study
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Fig. 3 Comparison of desalination percentage by
absorbents at different salinity levels of drainage
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Table 4 Adsorption rate of salinity ions in the presence of copper ion by prepared adsorbents

Adsorption rate of salinity ions (mg/g)

Adsorption  EC (dS/m) Na Ca Mg Cl HCO;
BO 5 0.1i 3.5k -0.4i -0.2h 4.6i -0.3i
BO 10 0.2i 11.8i -1.2j -1.0hi 11.4h -1.1j
BO 20 0.4hi  26.99 -2.3k -1.3hi 32.79 -1.7jk
BO 35 0.7h 60.2d -7.1i -2.5i 71.6e -3.2k
B1 5 0.5hi 7.3j 0.6h 0.69 10.3h 1.0h
B1 10 1.1g 17.2h 1.5fh 1.3eg 19.6eg 2.8f
Bl 20 1.9f 40.8f 3.1f 2.8e 87.7f 3.9e
B1 35 3.7d 109.7¢ 4.7d 4.4d 118.4¢ 4.9d
B2 5 0.99 7.9 0.9h 1.1eg 14.6h 1.89
B2 10 1.7f 19.9h 2.19 2.3f 24.3g 4.0e
B2 20 3.1e 47.2e 4.1e 4.3d 73.8e 6.2c
B2 35 7.1b 121.6b 7.9b 8.1b 139.7b 9.8b
B3 5 13g  12.8jh 1.9g 1.4eg 18.9eg 3.6df
B3 10 2.7¢ef 25.3g 4.0e 3.3df 32.29 6.3c
B3 20 4.6¢ 62.7d 6.4c 5.4c 86.9d 9.4b
B3 35 9.7a 152.7a 13.4a 12.7a 176.3a 17.4a
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Table 5 Desalination rate in the presence of copper
ions by the studied adsorbents

EC2 Desalinati  Desalinati
Adsorbe ds/m) 4/ on on
nt ( (m) capacity  percentag
EC1 (mg/g) €
BO 5 4.8 7.3i 3.8
BO 10 9.4 20.1k 6.1
BO 20 18.4 54.79 8.1
BO 35 31.9 119.7d 8.7
Bl 5 4.5 20.3k 10.5
B1 10 8.7 43.5i 13.2
B1 20 16.7 111.2d 16.4
B1 35 28.7 245.8¢ 18.0
B2 5 4.3 27.2j 14.1
B2 10 8.3 54.3¢g 16.5
B2 20 15.9 138.7f 20.4
B2 35 27.5 294.2b 21.5
B3 5 3.9 39.9i 20.7
B3 10 1.7 73.8h 22.5
B3 20 14.8 175.4e 25.9
B3 35 25.2 382.2a 28.0
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