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Avrticle Info ABSTRACT

Avrticle type: Background and Objectives: So far, many methods have been used to
Full Length Research Paper  jmprove the quality of the soil dynamic, depending on the desired goal
(whether it is for crop cultivation and amendment of arable and agricultural

. . ] soils or in terms of construction and increasing soil stability). One of the
értlc_le h,'Story' methods is the use of zeolite, chitosan and biochar modifiers separately.

eceived: 11.07.2023 - . . -

Revised: 01.18.2024 Biochar is carbon-rich and can have a favorable effect on the mechanical
Accepted: 01.21.2024 properties of the soil and increase soil stability. Zeolite is used as a
physical soil modifier to increase Soil stability ventilation and improve the

structure of sandy and clay soils. Chitosan, which is the most abundant

Keywords: biological polymer, has the potential to increase the interaction between
Coefficient of linear soil particles and improve the soil's mechanical properties. Soils that are
Consistency limit, not suitable in terms of mechanical properties have low water infiltration

Double composite,
Extensibility,
Triple composite

rates, plant accessible moisture and low soil structure stability. So far, there
have been no studies on the effect of the zeolite, chitosan and biochar
composites on the soil dynamic properties. The purpose of this research is
to investigate the effect of double and triple composites on some soil
dynamic properties such as coefficient of linear extensibility (COLE),
liquid limit (LL), plastic limit (PL) moistures and plasticity index (PL).

Materials and Methods: This research was conducted with a completely
randomized design with two factors, soil type and composite type, in three
replicates. In this research, double and triple composites were produced
from zeolite, chitosan and rice husk biochar. Dual composites include
zeolite-chitosan (ZC), zeolite-biochar (ZB), chitosan-biochar (CB) and
triple composites include zeolite-chitosan-biochar (ZBC). Double
composites ZC, CB and triple composite ZBC were synthesized using
magnetic stirrer and acetic acid (5%), half molar sodium hydroxide and
double composite ZB with ultrasonication and were prepared on a
laboratory scale. The treatment period was incubated for three months with
a field capacity moisture content of 65%. The mean comparison of the
treatments was done with the least significant difference (LSD) test at the
5% probability level.



mailto:m.salahedin88@gmail.com
mailto:kiani@gau.ac.ir
mailto:mbarani2002@yahoo.com
mailto:malekzadeh.elham@gmail.com
mailto:hras2010@gmail.com

Results: The results showed that the type of composites had a significant
effect on the liquid limit, coefficient of linear extensibility, and plasticity
index of the soil. The greatest effect was related to the ZBC triple
composite. This composite increased the liquid limit by 42.8% compared to
the control soil and caused a 58.8% decrease in the coefficient of linear
extensibility compared to the control soil. It was also observed that the
plasticity index of the soil decreased with the use of composites compared
to the control soil, and its effect was more significant in the ZBC
composite in both study soils (48.5-60%) than in other composites.

Conclusion: This research showed that double and triple composites can
be used as suitable modifiers to improve the mechanical quality of the soil.
Because with the increase of the liquid limit, moisture absorption and water
retention in the soil increases. Also, increasing the coefficient of linear
extensibility prevents the cracking of the soil. Also, the soil that has a
lower plasticity index is less soil wasted. Therefore, based on the Results of
this research, ZBC triple composite is recommended as the most effective
combination for improving the physical and mechanical quality due to the
increase in the liquid limit, decrease in the coefficient of linear extensibility
of the soil, as well as the effect on the reduction of the plastic limit of both
soil texture. It is also suggested to carry out additional studies using
different levels of composites and comparing their effects on the
mechanical properties of the soil.
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Table 1. Some physical and chemical properties of the studied soils.
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Soil Clay Silt Sand Total Nitrogen ~ Organic Carbon EC pH Soil
Texture (%) (%) (%) (%) (%) (ds m?) )
oz g z .
S ) 15 50 35 0.11 2 141.78 6.4 s
Silt loam Gorgan Gulf
o~ 5 .“ .
S 10 65 25 0.06 1.2 7.44 7.04 s
Silt loam Atrak Basin
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Table 2. Results of the zeolite analysis.

%Si0, %Al,05 %Fe,03 %CaO %Na,O %MgO %K,0
68.19 11.86 1.13 3.12 1.01 0.83 1.61
(3T 53 eslital 30 O35S 4 o0 ol Y J g
Table 3. Results of the chitosan analysis.

et S5 035 5y
Acetylene Molecular weight pH
(%) (kda) ()
88 20 5
(3T 3 e3lital 3,58 Hla g 435 i —f Jpax
Table 2. Results of biochar analysis.
35S RIZENW 55 035 S ens S glas el
S H Total Nitrogen Organic Carbon EC pH
(%) (%) (%) (%) (ms m™) ¢
0.68 2.8 1.44 40.35 2.45 7.8
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Table 5. Analysis of dual and triple composites.

F ol s Ui sS O Sl g S 5 Sl s 55 Ol 55— 55 robe
Chitosan-Biochar Zeolite-Chitosan-Biochar Zeolite-Biochar Zeolite-Chitosan Elements
44.68 48.63 12.15 23.15 C% .» 5
3.41 3.76 3.79 5.64 N% 035
37.64 47.75 52.33 45.22 0% o351
0.52 0.54 1.48 0.59 Na% o
- 0.44 0.99 0.89 Mg% (v 5
0.09 3.86 4.73 2.65 A% o sicn T
0.59 0.88 0.62 0.14 S% >35S
- 0.88 1.46 0.95 K% oolsy

(ZBC) x5 05 525- 55 «(CB) Lx 5o 013 528 «(ZB) )l s w55 (ZC) 05 8- 2l 35
* Zeolite-Chitosan (ZC), Zeolite-Biochar (ZB), Chitosan-Biochar (CB), Zeolite-Chitosan-Biochar (ZBC)
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Figure 1. Field Emission Scanning Electron Microscope of dual and triple composites.
(A) Zeolite-Chitosan, (B) Zeolite-Biochar, (C) Zeolite-Chitosan-Biochar, (D) Chitosan-Biochar.
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Table 6. Results of the variance parameters Analysis.
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Table 7. Analysis of average comparing soil type on mechanical properties.
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Table 8. Analysis of average comparing composite type on mechanical properties.
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Table 9. Analysis of average comparing of interaction effect of soil type x composite on plasticity index.
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