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Abstract

Due to greenhouse gas emissions and land-use change, the world climate and its geographical climate are changing. Due to
population growth and increasing industrial and agricultural activities, the emission of carbon compounds and gases into the
environment is increasing. For this reason, in addition to wasting energy, the environment is also polluted. With proper
management and technology, the emission of such gases can be reduced to carbon solids. These carbon solids, called
"biochar", have a variety of applications in various industries, including agriculture. Bio char can be transformed into Nano
biochar by applying processes. In this case, the physical and chemical properties of this valuable material increase and the
reduction of pollutant emissions, soil remediation, energy production and waste control is done in a more favorable way. In
the recent past, the area under cultivation increased in order to increase agricultural production. This practice has now
changed somewhat, and researchers and farmers are looking for ways to increase production per unit area. However,
increasing production per unit area in some cases leads to pressure on the cultivated land. In this case, if not properly
managed, over-harvesting of nutrients from the soil will occur and after a certain period of time, the soil will be depleted of
such valuable elements. In such cases, one of the most effective ways is to add soil remedies. These modifiers are added to
improve the physical, chemical, and biological conditions of the soil. One of these substances, which also increases the
efficiency of fertilizer and irrigation water, is biochar. Biochar can also be called Nano biochar due to its structural properties.
The addition of Nano biochar improves the plant culture environment and helps in proper soil management.

Keywords: Nano biochar, biological conditions, soil, environment, energy production, soil remediation, pollutant emissions.

1. Introduction adverse effects on the global carbon cycle and

Although the contribution of each of the factors
influencing climate change is unclear, greenhouse gas
emissions are undoubtedly one of the most important.
In recent years, the increase in human activities has
led to the production and emission of such gases [1-
5]. One way to absorb and separate carbon is to
remove greenhouse gases from the output of
industrial plants and store them in safe tanks [6-10].
Emissions of carbon dioxide from the soil also have

ecosystem [11-13]. Soil organic carbon (SOC) is the
largest carbon reservoir and is twice the amount of
carbon in the atmosphere [14-17]. Preservation or
emission of soil organic carbon is one of the
important factors affecting the concentration of
atmospheric  carbon dioxide [18-22]. Carbon
sequestration in soil is a slow process but is an
effective  natural strategy to moderate the
concentration of carbon dioxide in the atmosphere
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[23-26]. Estimates suggest that small changes in soil
organic carbon have significant effects on
atmospheric carbon dioxide concentrations; A 5 %
change in SOC can change more than 16 % of
atmospheric carbon dioxide [27-31]. Agricultural
soils usually lose a significant amount of organic
carbon due to improper cultivation and plowing [32-
36]. For this reason, changes in plowing methods,
suitable fallow, the use of deep-rooted plants, and
carbon sequestration in the soil can increase soil
organic carbon content. In the meantime, carbon
sequestration is done in different ways [37-42]. Table
1 lists several of these methods and the advantages
and limitations of each. Among the mentioned
methods, the method from which the carbon
produced has long-term effects and has considerable
stability against chemical and biological agents is
more appropriate [43-45]. Biochar has these
properties and due to its use, in addition to reducing
soil organic matter, increasing and reducing carbon
dioxide from the soil, by improving the physical and
chemical properties of the soil, the growth rate and
yield will increase [46-50]. The production of more
and more not agricultural products is global demand.
Intensification of agricultural activities over time has
led to erosion and reduced soil fertility [51-53]. Some
traditional agricultural methods also reduce the
amount of soil organic matter (SOM), in which case
the soil structure is plunged into the abyss of
destruction [54-57]. As a result, the retention of
nutrients and water in the soil is reduced. Organic
farming methods also improve soil fertility indices
such as SOM and pH by about 5 to 34% depending
on environmental conditions compared to
conventional methods. Therefore, it is necessary to
prevent excessive degradation and erosion of
agricultural soils by adding modifiers to the soil [58-
61]. Biochar can be mentioned as a material for
improving soil conditions. Biochar, obtained from the
pyrolysis of plant materials, has a crystalline structure
[62-65]. The biochar compound can be divided into
three parts: resistant carbon, sensitive carbon, and
ash. This material has many Nanopores and pores and
due to the stability of its carbon (having an aromatic
structure), it is resistant to biodegradation. As a
result, microorganisms cannot use the carbon in it as
an energy source [66-70]. The H/ C and O / C ratios
in biochar are less than 0.6 and 0.4, respectively, and
the lower these ratios are, the better the biochar is
formed, the better the carbonization of the plant
material is done, and the better [71-73]. It is

Egypt. J. Chem. 65, No. 12 (2022)

considered suitable for soil. Biochar ash also contains
minerals and macro and microelements [74-77]. The
presence of these elements plays a key role in the
chemical and aromatic structure of biochar [78-80].
For example, the element nitrogen can be attached to
one or two carbon atoms, but the effect of this bond
on the behavior of biochar in the soil is unknown [81-
83]. Iron-rich biochar formed from plant fertilizers at
temperatures above 600 ° C has Fe3C bonds and
ferromagnetic iron clusters [84-86]. Compared to the
raw material, biochar is formed at different
temperatures, and as this temperature increases, more
stable carbon compounds are formed. Increasing the
temperature by removing excess material in the raw
material leads to an increase in the specific surface
area of the biochar [87-90]. The specific surface area
of this material is more than 500 m2/gm, which can
be increased not by applying a series of physical and
chemical processes [10-12]. The addition of such a
high specific surface material and resistance to
biodegradation affects the physical condition of the
soil. It can also affect soil water dynamics and
nutrient cycles [91-92]. Figure 1 shows the general
effects of biochar in the soil. This article tries to
investigate the effect of biochar on the physical and
chemical properties of soil [1- 2]

Figurel. Biochar effects in soil [13].

2. Production of Nano biochar

Nano biochar is a carbon-rich material that is formed
during the process of pyrolysis and by the
carbonization of biomass. The difference between
thermal decomposition and combustion is the
presence or absence of oxygen (see Figure 2). In the
combustion process, biomass can be converted to
gases and carbon dioxide, ash mixed with metal
oxides, silica, and other volatile inorganic elements
by the application of temperature and oxygen [93-
94]. If oxygen is removed from the reaction,
thermochemical conversion of the biomass takes
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place and no carbon dioxide gas is produced. In this
case, carbon appears as a solid called biochar. Other
products produced in the thermal decomposition
process include Liquid bio-oil and Syngas such as
hydrogen, methane, and other hydrocarbon gases. In
general, thermal decomposition takes place in two
modes, fast and slow, and depends on the amount of
heat applied to the biomass [95-96]. If the applied
temperature is less than 100 ° C / min, the thermal
decomposition will be slow and the Biochar and
Syngas will be the final products of the reaction.
Rapid thermal decomposition usually occurs in the
presence of temperatures above 1000 ° C / min, in
which case biofuels are also produced [2].

1.1. Structural properties of Nano biochar
Biochar is formed from polycyclic aromatic
hydrocarbons in which 6 carbon atoms are bonded
together in a ring. The presence of such an aromatic
structure makes Biochar stable against biological and
chemical changes [97]. In addition to carbon, biochar
is composed of other elements such as hydrogen and
oxygen. Depending on the raw material used to
produce the biochar, different minerals such as
nitrogen, phosphorus, and sulfur can also be present.
This carbon substance has many functional groups
such as hydroxyl, ketone, ester, aldehyde, amino,
nitro, and carboxyl. Bio chars, on the other hand,
contain significant amounts of Humic Acids and
fulvic organic acids. Depending on the composition
and heterogeneous level of the biochar, these
materials may exhibit hydrophilic or hydrophobic
properties and have alkaline or acidic properties. For
this reason, bio chares have the ability to combine
with organic and inorganic materials [98-99]. In the
conversion of plant biomass to Nano biochar, the
intrinsic and internal structure (Phototaxy) of the
plant is preserved and this is very important because
the vascular system of plants has a special order and
is composed of strong cell walls that the final biochar
inherits (See Figure 3). In Nano biochar, the size of
the pores is divided into three categories: (1)
macrospores with a diameter of more than 50 nm, (2)
mesoporous with a diameter between 2 and 50 nm,
and (3) microspores (Microspores) With a diameter
of less than 2 nm.

Tablel. Different methods of carbon sequestration
increase soil organic carbon [2].
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Figure 2. Difference between combustion process and
thermal decomposition [2].

In general, micrometer porosity plays the role of
transmitting air into the biochar and can act as a place
where microorganisms can perform their activities
well and protect themselves against adverse
conditions. In micrometric and micrometer porosities,
adsorption/desorption of organic and inorganic ions
and molecules takes place. This increases the biochar
capacity to store nutrients in the soil [22-25]. The
specific surface area of Nano biochar is much higher
than that of clay particles (more than 1500 m2/gm).
Nano biochar properties such as elemental
composition, porosity percentage, particle or pore
size, and the presence of degradable hydrocarbons are
a direct function of the parameters of the thermal
decomposition process and the type of biomass. The
structure of Nano biochar porosity strongly depends
on the applied temperature [26-27]. High
temperatures and how long the biomass is affected
are very important. These factors determine the
amount of Nano biochar produced from the biomass.
Basically, at a certain temperature, volatile
compounds and components are released from the
biomass, which leads to the formation of not
micrometer pores[100-101]. In general, the sum of
the total specific surface area and not micrometer
pores increases with increasing temperature. The
maximum specific surface area occurs in the
temperature range of 650 to 850 ° C.

Carbon sequestration method’s

properties

Absorption and storage by plants

A simple method but the return of carbon to the
atmosphere by plant decomposition

Cultivation without plowing and crop rotation

It takes a long time.

Crop cover with deep roots

A simple method but with short-term effects

Use of biochar

Stable and long-lasting, need further research

Geologic sequestration

Very high cost and sophisticated technology
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There are several reasons for this, but the most
important is the presence of a liquid consisting of
hydrocarbons, resins, alcohols, and other compounds
(Tars) that during the production process of Nano
biochar, prevents the formation of not micrometer
pores and with the disappearance of this material at
an average temperature of 750 ° C, more not
micrometer pores are created and the specific surface
area increases more effectively. In lignin-based Nano
biochar, the amount of ash in the raw material affects
carbonization. By reducing this amount of ash, the
produced Nano biochar shows better properties and
characteristics. The presence of lipid compounds,
Humic Acid, and folic acid reduces the porosity of
biochar [28]. Depending on the type of primary
biomass in some samples, the cellular structure melts
under heat and becomes plastic. This phenomenon
can prevent the formation of not micrometer pores in
biochar. Of course, the rate of increase in temperature
also affects the melting of the cell structure. Studies
on pinewood show that if the rate of increase is 20 °
C /' s, Nano biochar is formed with the appropriate
structure, but if this increase in temperature is done
rapidly at a heating rate of 500 ° C / s, the cellular
structure of the melt is formed and not micrometer
pores will not be able to form. A series of physical
and chemical processes also increase the specific
surface area of the Nano biochar, which is called
"biochar activation”. Physical activation methods
include the use of oxidizing gases such as ordinary
steam, carbon dioxide, or oxygen, which are applied
to Nano biochar at temperatures above 700 to 1200 °
C. The basis of the chemical activation method is the
combination of biomass with acids, bases, or salts
before carbonization [29-30]. Chemically activated
Nano biochemistry is carbonized at lower

temperatures than physical processes, but the amount
of specific surface area created by both processes is
almost the same [2, 3].

Figure 3. SEM images of biochar from the pyrolysis
of (a), (b) wood sawdust, and (c) sisal leaves [2].

3. Results and Discussion

3.1. Effect of Nano biochar on soil organic
carbon content

As mentioned, soil organic carbon (SOC)
decomposes over time and is released into the
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atmosphere as carbon dioxide gas. Based on the
results, adding Nano biochar to the soil significantly
increases the soil’s organic carbon[104-106]. For
example, by adding 8% Nano biochar to the soil, the
amount of organic carbon increases by about 41%,
and after 210 days, the Nano biochar added to the soil
does not decrease. Based on the results, it is
hypothesized that Nano biochar increases the stability
of soil organic carbon and reduces its mineralization.
Soil organic carbon stability can be increased in the
following three ways [31-33]:

(1) physical stabilization of organic carbon by
aggregation, (2) fusion of organic carbon with clay
and silt particles (silt or fine-grained soil), And (3)
soil biochemical stabilization through the formation
of degradable SOC compounds[105-107]. Among the
mentioned factors, the uptake of soil organic carbon
into the biochar is the most likely cause of increasing
SOC stability. In most studies, SOC decomposition is
reduced by adding biochar to the soil (see Figure 4)

[1].
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Figure4. Effect of Nano biochar on soil organic
carbon content [34].

3.2. Effect of Nano biochar on carbon dioxide
emissions from soil

Initially, carbon dioxide emissions are increased
by adding biochar to the soil. For example, adding
8% biochar to the soil increases carbon dioxide
emissions into the soil containing biochar during the
first 20 days; But after 120 days, gas emissions are
much lower. In other words, carbon dioxide
emissions are reduced by increasing soil biochar over
long periods of time. In general, the emission of
carbon dioxide from the soil depends on soil
conditions,  soil  microbial  population, and
physicochemical properties of biochar [34-36].
However, by adding biochar to the soil, its unstable
part may stimulate and increase the growth of
microorganisms[108-110].  Biochar  micrometric
porosity increases the soil moisture-holding capacity,
and increasing moisture means reducing the
decomposition of SOC. Therefore, biochar indirectly

structure

Microbial

-
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reduces carbon dioxide emissions by increasing soil
moisture (See Figure 4) [1].

3.3. Effect of Nano biochar on soil physical
properties
The difference in physical structure between soil and
biochar leads to changes in tensile strength,
hydrodynamics, and gas flow in the soil. These
events can also affect the lives of soil animals. All of
these effects depend on the type and characteristics of
the biochar used (raw material and heat). When the
tensile strength of biochar is lower than the soil (clay-
rich soil), the addition of biochar reduces the tensile
strength of the soil. Typically, in a study performed
on Alf sols soils (soils specific to coniferous and
deciduous forest areas (Alf sols)), it was found that
with the addition of biochar, the tensile strength was
reduced from 4.64 to 31 kPa. Mechanical impedance
reduction is a very important factor that affects root
growth [37-39]. At this time, the roots are less
resistant to soil and the plant can easily develop its
roots, but this is only one of the factors that increase
the growth and development of roots in the culture
medium[111-113]. In one study, the root of the plant
developed well when 10% of the culture medium was
biochar, and when this ratio increased to 15% or
more, no significant change in root growth was
observed (Figure 5). Root growth and mycorrhizae
(fungi coexisting with plant roots: Mycorrhiza), soil
mineral elements have also increased, which is one of
the factors increasing the seed germination rate in
soils containing biochar. Decreased tensile strength
may increase the mobility and displacement of
invertebrates in the soil. Invertebrates move through
the soil and feed on substances that contain a variety
of vitamins and nutrients, which in turn increases soil
fertility. By reducing the bulk density of the soil,
Biochar increases the porosity and porosity of the
soil, which affects the amount of water retention in
the soil, the model of root development, and soil
organisms. This event can be explained by the low
density of biochar bulk relative to soil minerals [40-
41]. Biochar has macro and micropores (diameter
about 1 to more than 50 nm) that can withstand the
weather well, thus reducing the density of Biochar
bulk in the soil significantly. According to studies,
the density of biochar bulbs varies between 0.09 to
0.5 grams per cubic centimeter, depending on the
type of raw material. This amount is much less than
the bulk density of soils. In one study, by adding 60
tons per hectare of biochar to the soil (with a bulk
density of 56.1 g / cubic centimeter), the bulk density
of soil decreased by about 5.8% [2].

3.4. The effect of Nano biochar on soil chemical
properties

The properties of known and unknown organic matter
in Biochar change over time due to processes such as
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aeration, reaction with organic matter and soil
minerals, and oxidation by microorganisms. The
addition of biochar causes changes in pH, electrical
conductivity (EC), cation exchange capacity (CEC),
and soil nutrient content. Depending on the raw
material from which the biochar is formed, the pH of
the biochar is very variable and is around 4 to 12. The
higher the temperature when biochar is formed, the
higher its final pH, which changes over time and can
increase or decrease [114-117].

Ulochar Lrtect
= =ty 10% 20%

0%

Figure 5. The effect of biochar on increasing root and
stem growth - from left to right soil containing zero,
10, 15, and 20% of biochar [42].

This property has also been attributed to that raw
material. Observations show that the pH of oak
biochar decreased from 9.4 to 7.4 after one year and
in contrast, the pH of biochar from corn forage
decreased from 7.6 to 1.8 during the same period
Found. This increase and decrease in biochar have
been attributed to the functional groups in it
Researchers believe that the reason for the decrease
in pH is more in the oxidation of carbon to carboxylic
acid groups. While the cause of the increase in pH is
attributed to the dissolution of alkaline compounds
[42-43]. Therefore, the biochar in the soil can change
the pH of the soil with its changes over time. Biochar
can have a positive or negative net charge and
initially has a lower cation exchange capacity than
soil organic matter [118-120]. The higher the ash
content of the raw material from which the biochar is
formed, the higher the CEC and charge density in the
final product. Of course, the amount of CEC biochar
also depends on the temperature during its formation.
The CEC in biochar is mostly related to the
functional groups of organic acids such as humic
acid, and such compounds are destroyed when the
formation temperature rises too high. As a result, the
final CEC rate of the biochar is reduced (Figure 6).
For example, biochar consisting of corn forage at 350
° C has a CEC of 3.419 mmol/kg, which decreases to
about 1.252 mmol/kg at a temperature of more than
600 ° C. Adding high CEC bio charity improves soil
conditions and can prevent nutrient wastage (due to
sedimentation, adsorption to soil minerals and
leaching). As a result, the efficiency of the fertilizer
increases, and more nutrients are provided to the
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plant during the growing season. According to
research, biochar can reduce the leaching rate of
nitrogen fertilizers (ammonium compounds) by about
60%. On the other hand, this property causes the
adsorption of heavy metals and organic soil
contaminants (such as pesticides, etc.) and reduces
the level of pollution in the soil. Biochar can also
absorb soil organic matter, thus not only increasing
its CEC but also protecting soil organic carbon. As a
result, soil organic carbon is not decomposed and the
amount of soil organic matter increases over
time[121-123]. Biochar cation exchange capacity
allows it to absorb elements such as sodium, calcium,
and magnesium and thus play an effective role in
reducing the salinity (EC) and osmotic potential of
the soil solution [44-46]. As a result, the plant is
under less salinity stress, and plant yield increases.
Biochar can also reduce the concentration of soluble
compounds such as phenol in soil solution. In acidic
soils, the concentration of elements such as
aluminum and manganese in the soil solution
increases [47-49]. The presence of these elements, in
addition to causing poisoning, also interferes with the
absorption of other nutrients by the plant, which
Biochar can reduce their toxicity by reducing the
concentration of these elements [50]. The
combination of biochar with acidic solutions causes
some elements such as Si, Fe, S, P, K, Mg and Ca to
be released from it and enter the soil solution, as a
result of which plants and microorganisms can use it
[2, 3, 4].

Figure 6. Schematic of the chemical composition of
biochar and its types of functional groups [50].

4. Conclusion

1. Addition of Nano biochar to the soil increases
the stability of soil organic carbon against
environmental factors and reduces its mineralization.
This significantly reduces carbon dioxide emissions.
Increasing organic carbon also has effects such as
improving soil structure, increasing water holding
capacity in the soil, increasing the activity of
microorganisms, and increasing the bioavailability of
nutrients for the soil. Therefore, as the amount of soil
biochar increases, its positive effects on the
environment will increase.
2. In general, Nano biochar produced from different
plant materials and different thermal decomposition
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conditions have unique physicochemical properties.
This material with different absorption properties can
have positive effects on a variety of soils. Nano
biochar production is an effective and green
technology that can increase the efficiency of water
and fertilizer use in the soil. It can also be used as a
substrate for macro and micronutrients so that the
nutrients in the substrate absorb all the fertilizer of
frankincense. Nano biochar with several properties
can improve plant growth in saline soil conditions.
The ability to remove a variety of organic and
inorganic contaminants from the soil is another
advantage of Nano biochar. It is hoped that by using
such materials, fertile agricultural soils will be free
from the risk of destruction and erosion and the
production of agricultural products per unit area will
increase.

abbreviations
WHC water holding capacity
SOC Soil organic carbon

References

1. Atkinson, C.J., Fitzgerald, J.D.Hipps, N.A.
(2010). Potential mechanisms for achieving
agricultural benefits biochar application to
temperate soils: a review. PlantSoil, 337(1-2): 1-
18.

2. Hua, L., Lu, Z., Ma, HJin, S. (2014). Effect of
biochar on carbon dioxide release, organic carbon
accumulation,aggregation of soil. Environmental
Progress & Sustainable Energy, 33(3): 941-946.

3. Peterson, S.C., Jackson, M.A.Appell, M. (2013).
Biochar: SustainableVersatile. 1143: 193-205.

4. Ulyett, J., Sakrabani, R., Kibblewhite, M.Hann,
M. (2014). Impact of biochar addition on water
retention, nitrificationcarbon dioxide evolution
two sandy loam soils. European Journal of Soil
Science, 65(1): 96-104.

5. Lehmann, J., Rillig, M.C., Thies, J., Masiello,
C.A., Hockaday, W.C.Crowley, D. (2011).
Biochar effects on soil biota — A review. Soil
BiologyBiochemistry, 43(9): 1812-1836.

6. Chen,J., Wang, Y.Y., Wu, J.H., Si, H.P.Lin, K.Y.
(2013). The Research of Biochar Adsorption on
Soil. Applied MechanicsMaterials, 448-453: 417-
424,

7. Ahmad M, Lee SS, Lim JE, Lee SE, Cho JS,
Moon DH, Hashimoto Y, Ok YS (2014)
Speciation and phytoavailability of lead and
antimony in a small arms range soil amended with
mussel shell, cow bone and biochar: EXAFS
spectroscopy ~ and  chemical extractions.
Chemosphere 95:433-441.

8. Bai SH, Xu Z, Blumfield TJ, Reverchon F (2015)
Human footprints in urban forests: implication of



Production, Structural properties Nano biochar and Effects Nano biochar in

613

10

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

nitrogen deposition for nitrogen and carbon
storage. J Soils Sediments 15:1927-1936.
Brassard P, Godbout S, Raghavan V (2016) Soil
biochar amendment as a climate change
mitigation tool: Key parameters and mechanisms
involved. J Environ Manag 181:484-497.

.Burrell LD, Zehetner F, Rampazzo N, Wimmer

B, Soja G (2016) Long-term effects of biochar on
soil physical properties. Geoderma 282:96-102.
Bussotti F, Pollastrini M, Holland V,
Briiggemann W (2015) Functional traits and
adaptive capacity of European forests to climate
change. Environ Exp Bot 111:91-113.

Chang L, Wang BF, Liu XH, Callaham MA, Ge F
(2017) Recovery of collembola in pinus
tabulaeformis plantations. Pedosphere 27:129-—
137.

Chen JH, Li SH, Liang CF, Xu QF, Li YC, Qin
H, Fuhrmann JJ (2017) Response of microbial
community structure and function to short-term
biochar amendment in an intensively managed
bamboo (Phyllostachys praecox) plantation soil:
effect of particle size and addition rate. Sci Total
Environ 574:24-33.

Dai ZM, Zhang XJ, Tang C, Muhammad N, Wu
JJ, Brookes PC, Xu JM (2017) Potential role of
biochars in decreasing soil acidification—a
critical review. Sci Total Environ 581-582:601—
611.

Deng W, Van Zwieten L, Lin Z, Liu X, Sarmah
AK, Wang H (2017) Sugarcane bagasse biochars
impact respiration and greenhouse gas emissions
from a latosol. J Soils Sediments 17:632—640.
Ding Y, Liu YG, Liu SB, Li ZW, Tan XF, Huang
XX, Zheng GM, Zhou L, Zheng BH (2016)
Biochar to improve soil fertility: a review. Agron
Sustain Dev 36:36.

Dutta T, Kwon E, Bhattacharya SS, Jeon BH,
Deep A, Uchimiya M, Kim KH (2017) Polycyclic
aromatic hydrocarbons and volatile organic
compounds in biochar and biochar-amended soil:
a review. GCB Bioenergy 9:990-1004.

Fargeon H, Aubry-Kientz M, Brunaux O,
Descroix L, Gaspard R, Guitet S, Rossi V,
Hérault B (2016) Vulnerability of commercial
tree species to water stress in logged forests of the
guiana shield. Forests 7:1-21.

Glisczynski FV, Pude R, Amelung W, Sandhage-
Hofmann A (2016) Biochar-compost substrates in
short-rotation coppice: effects on soil and trees in
a three-year field experiment. J Plant Nutr Soil
Sci 179:574-583.

Gul S, Whalen JK, Thomas BW, Sachdeva V,
Deng H (2015) Physico-chemical properties and
microbial responses in biochar-amended soils:
mechanisms and future directions. Agric Ecosyst
Environ 206:46-59.

Egypt. J. Chem. 65, No. 12 (2022)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gundale MJ, Nilsson MC, Pluchon N, Wardle DA
(2016) The effect of biochar management on soil
and plant community properties in a boreal forest.
GCB Bioenergy 8:777-789.

Hawthorne I, Johnson MS, Jassal RS, Black TA,
Grant NJ, Smukler SM (2017) Application of
biochar and nitrogen influences fluxes of CO2,
CH4 and N20O in a forest soil. J Environ Manag
192:203-214.

He L, Fan S, Miiller K, Hu G, Huang H, Zhang X,
Lin X, Che L, Wang H (2016a) Biochar reduces
the bioavailability of di-(2-ethylhexyl) phthalate
in soil. Chemosphere 142:24-27.

He YH, Zhou XH, Jiang LL, Li M, Du ZG, Zhou
GY, Shao JJ, Wang XH, Xu ZH, Bai SH, Wallace
H, Xu CY (2016b) Effects of biochar application
on soil greenhouse gas fluxes: a meta-analysis.
GCB Bioenergy 9:743-755.

Heydari M, Prévosto B, Naji HR, Mehrabi AA,
Pothier D (2017) Influence of soil properties and
burial depth on Persian oak (Quercus brantii,
Lindl) establishment in different microhabitats
resulting from traditional forest practices. Eur J
Forest Res 136:1-19.

Huang P, Ge C, Feng D, Yu H, Luo J, Li J, Strong
PJ, Sarmah AK, Bolan NS, Wang H (2018)
Effects of metal ions and pH on ofloxacin
sorption to cassava residue-derived biochar. Sci
Total Environ.
https://doi.org/10.1016/j.scitotenv.2017.10.177.
Jeffery S, Verheijen FG, Kammann C, Abalos D
(2016) Biochar effects on methane emissions
from soils: a meta-analysis. Soil Biol Biochem
101:251-258.

Li YC, Li YF, Chang SX, Liang X, Qin H, Chen
JH, Xu QF (2017a) Linking soil fungal
community structure and function to soil organic
carbon chemical composition in intensively
managed subtropical bamboo forests. Soil Biol
Biochem 107:19-31.

Li ZG, Gu CM, Zhang RH, Ibrahim M, Zhang
GS, Wang L, Zhang RQ, Chen F, Liu Y (2017b)
The benefic effect induced by biochar on soil
erosion and nutrient loss of slopping land under
natural rainfall conditions in central China. Agric
Water Manag 185:145-150.

Lin ZB, Liu Q, Liu G, Cowie AL, Bei QC, Liu
BJ, Wang XJ, Ma J, Zhu JG, Xie ZB (2017)
Effects of different biochars on Pinus elliottii
growth, N use efficiency, soil N20 and CH4
emissions and C storage in a subtropical area of
China. Pedosphere 27:248-261.

Liu S, Zhang Y, Zong Y, Hu Z, Wu S, Zhou J, Jin
Y, Zou J (2016) Response of soil carbon dioxide
fluxes, soil organic carbon and microbial biomass
carbon to biochar amendment: a meta-analysis.
GCB Bioenergy 8:392-406.



614 B. Abed Hussein et.al.

32.Lu K, Yang X, Shen J, Robinson B, Huang H, Liu
D, Bolan N, Pei J, Wang H (2014a) Effect of
bamboo and rice straw biochars on the
bioavailability of Cd, Cu, Pb and Zn to Sedum
plumbizincicola. Agric Ecosyst Environ 191:124—
132.

33.Lu SG, Sun FF, Zong YT (2014b) Effect of rice
husk biochar and coal fly ash on some physical
properties of expansive clayey soil (Vertisol).
Catena 114:37-44.

34.Lu K, Yang X, Gielen G, Bolan N, Ok YS, Niazi
NK, Xu S, Yuan G, Chen X, Zhang X, Liu D,
Song Z, Liu X, Wang H (2017) Effect of bamboo
and rice straw biochars on the mobility and
redistribution of heavy metals (Cd, Cu, Pb and
Zn) in contaminated soil. J Environ Manage
186(Part 2):285-292.

35.Luo Y, Lin Q, Durenkamp M, Dungait AJ,
Brookes PC (2017a) Soil priming effects
following substrates addition to biochar-treated
soils after 431 days of pre-incubation. Biol Fertil
Soils 53:315-326.

36.Luo Y, Zang HD, Yu ZY, Chen ZY, Gunina A,
Kuzyakov Y, Xu JM, Zhang KL, Brookes PC
(2017b) Priming effects in biochar enriched soils
using a three-source-partitioning approach: 14C
labelling and 13C natural abundance. Soil Biol
Biochem 106:28-35.

37.Mertens J, Germer J, de Aradjo Filho JC,
Sauerborn J (2017) Effect of biochar, clay
substrate and manure application on water
availability and tree-seedling performance in a
sandy soil. Arch Agron Soil Sci 63:969-983.

38. Mitchell PJ, Simpson AJ, Soong R, Schurman JS,
Thomas SC, Simpson MJ (2016) Biochar
amendment and phosphorus fertilization altered
forest soil microbial community and native soil
organic matter molecular composition.
Biogeochemistry 130:227-245.

39.Nguyen TT, Xu CY, Tahmasbian I, Che RX, Xu
ZH, Zhou XH, Wallace HM, Bai SH (2017)
Effects of biochar on soil available inorganic
nitrogen: a review and meta-analysis. Geoderma
288:79-96.

40. Niazi NK, Bibi I, Shahid M, Ok YS, Burton ED,
Wang H, Shaheen SM, Rinklebe J, Luttge A
(2018) Arsenic removal by perilla leaf biochar in
aqueous solutions and groundwater: an integrated
spectroscopic and microscopic examination.
Environ Pollut 232:31-41.

41.Qi F, Kuppusamy S, Naidu R, Bolan NS, Ok YS,
Lamb D, Li Y, Yu L, Semple KT, Wang H (2017)
Pyrogenic carbon and its role in contaminant
immobilization in soils. Crit Rev Environ Sci
Technol.
https://doi.org/10.1080/10643389.2017.1328918.

Egypt. J. Chem. 65, No. 12 (2022)

42.Rhoades CC, Minatre KL, Pierson DN, Fegel TS,
Cotrufo MF, Kelly EF (2017) Examining the
potential of forest residue-based amendments for
post-wildfire rehabilitation in Colorado, USA.
Scientifica.
https://doi.org/10.1155/2017/4758316.

43.Wang ZY, Chen L, Sun FL, Luo XX, Wang HF,
Liu GC, Xu ZH, Jiang ZX, Pan B, Zheng H
(2017) Effects of adding biochar on the properties
and nitrogen bioavailability of an acidic soil. Eur
J Soil Sci 68:559-572.

44, Wrobel-Tobiszewska A, Boersma M, Adams P,
Singh B, Franks S, Sargison JE (2016) Biochar
for eucalyptus forestry plantations. Acta Hortic
1108:55-62.

45, Xu Y, Seshadri B, Sarkar B, Wang H, Rumpel C,
Sparks D, Farrell M, Hall T, Yang X, Bolan N
(2018) Biochar modulates heavy metal toxicity
and improves microbial carbon use efficiency in
soil. Sci Total Environ 621:148-159.

46.Yuan Y, Bolan N, Prévoteau A, Vithanage M,
Biswas JK, Ok YS, Wang H (2017) Applications
of biochar in redox-mediated reactions. Bioresour
Technol 246:271-281.

47.Zhang K, Chen L, Li Y, Brookes PC, Xu JM, Luo
Y (2016a) The effects of combinations of biochar,
lime, and organic fertilizer on nitrification and
nitrifiers. Biol Fertil Soils 53:77-87.

48.Zhang X, Sarmah AK, Bolan NS, He L, Lin X,
Che L, Tang C, Wang H (2016b) Effect of aging
process on adsorption of diethyl phthalate in soils
amended with bamboo biochar. Chemosphere
142:28-34.

49. Muhammad Shaaban, Lukas Van Zwieten, Saqib
Bashir, Aneela Younas, Avelino Nufez-Delgado,
Muhammad Afzal Chhajro, Kashif Ali Kubar,
Umeed Ali, Muhammad Shoaib Rana, Mirza
Abid Mehmood, Ronggui Hu,A concise review of
biochar application to agricultural soils to
improve soil conditions and fight
pollution,Journal of Environmental
Management,VVolume 28,2018, 429-440.

50.Li, Y., Hu, S., Chen, J. et al. Effects of biochar
application in forest ecosystems on soil properties
and greenhouse gas emissions: a review. J Soils
Sediments 18, 546-563 (2018).
https://doi.org/10.1007/s11368-017-1906-y.

51. Salimi, M., Pirouzfar, V. & Kianfar, E. Enhanced
gas transport properties in silica nanoparticle
filler-polystyrene  nanocomposite  membranes.
Colloid Polym Sci 295, 215-226 (2017).
https://doi.org/10.1007/s00396-016-3998-0.

52. Kianfar, E. Synthesis and Characterization of
AIPO4/ZSM-5 Catalyst for Methanol Conversion
to Dimethyl Ether. Russ J Appl Chem 91, 1711-



Production, Structural properties Nano biochar and Effects Nano biochar in 615

1720 (2018).
https://doi.org/10.1134/S1070427218100208.
53.Kianfar, E. Ethylene to Propylene Conversion
over Ni-W/ZSM-5 Catalyst. Russ J Appl Chem
92, 1094-1101 (2019).

https://doi.org/10.1134/S1070427219080068.

54 Kianfar, E., Salimi, M., Kianfar, F., kianfar,M.,
Razavikia,S.A.H. CO2/N2 Separation Using
Polyvinyl Chloride Iso-Phthalic Acid/Aluminium
Nitrate Nanocomposite Membrane. Macromol.
Res. 21, 83-89 (2019).
https://doi.org/10.1007/s13233-019-7009-4.

55. Kianfar, E. Ethylene to Propylene over Zeolite
ZSM-5: Improved Catalyst Performance by
Treatment with CuO. Russ J Appl Chem 92, 933-
939 (2019).
https://doi.org/10.1134/S1070427219070085.

56.Kianfar, E., Shirshahi, M., Kianfar, F. Kianfar, F.
Simultaneous Prediction of the Density, Viscosity
and Electrical Conductivity of Pyridinium-Based
Hydrophobic lonic Liquids Using Artificial
Neural Network. Silicon 10, 2617-2625 (2018).
https://doi.org/10.1007/s12633-018-9798-z.

57.Salimi, M., Pirouzfar, V. & Kianfar, E. Novel
nanocomposite  membranes  prepared  with
PVC/ABS and silica nanoparticles for C2H6/CH4
separation. Polym. Sci. Ser. A 59, 566-574
(2017).
https://doi.org/10.1134/S0965545X17040071.

58. Kianfar, F., Kianfar, E. Synthesis of Isophthalic
Acid/Aluminum Nitrate Thin Film
Nanocomposite Membrane for Hard Water
Softening. J Inorg Organomet Polym 29, 2176—
2185 (2019). https://doi.org/10.1007/s10904-019-
01177-1.

59. Kianfar, E., Azimikia, R. & Faghih, S.M. Simple
and Strong Dative Attachment of a-Diimine
Nickel (Il) Catalysts on Supports for Ethylene
Polymerization with Controlled Morphology.
Catal Lett 150, 2322-2330 (2020).
https://doi.org/10.1007/s10562-020-03116-z.

60.Kianfar, E. Nanozeolites: synthesized, properties,
applications. J Sol-Gel Sci Technol 91, 415-429
(2019). https://doi.org/10.1007/s10971-019-
05012-4.

61.Liu, H., Kianfar, E. Investigation the Synthesis of
Nano-SAPO-34 Catalyst Prepared by Different
Templates for MTO Process. Catal Lett 151, 787—
802 (2021). https://doi.org/10.1007/s10562-020-
03333-6

62.Kianfar E, Salimi M, Hajimirzaee S, Koohestani
B. Methanol to gasoline conversion over
CuO/ZSM-5  catalyst  synthesized  using
sonochemistry method. International Journal of
Chemical Reactor Engineering.; 17(2018).

63.Kianfar, E, Salimi, M, Pirouzfar, V, Koohestani,
B. Synthesis of modified catalyst and stabilization

Egypt. J. Chem. 65, No. 12 (2022)

of CuO/NH4-ZSM-5 for conversion of methanol
to gasoline. Int J Appl Ceram Technol.; 15: 734-
741(2018). https://doi.org/10.1111/ijac.12830

64. Kianfar, Ehsan, Salimi, Mahmoud, Pirouzfar,
Vahid and Koohestani, Behnam. "Synthesis and
Modification of Zeolite ZSM-5 Catalyst with
Solutions of Calcium Carbonate (CaCO3) and
Sodium Carbonate (Na2CO3) for Methanol to
Gasoline Conversion" International Journal of
Chemical Reactor Engineering, vol. 16, no. 7, pp.
20170229(2018).  https://doi.org/10.1515/ijcre-
2017-0229

65. Ehsan kianfar. Comparison and assessment of
Zeolite Catalysts performance Dimethyl ether and
light olefins production through methanol: A
review, Reviews in Inorganic Chemistry. 39: 157-
177(2019).

66. Ehsan Kianfar and Mahmoud Salimi, A Review
on the Production of Light Olefins from
Hydrocarbons Cracking and Methanol
Conversion: In book: Advances in Chemistry
Research, Volume 59: Edition: James C. Taylor
Chapter: 1: Publisher: Nova Science Publishers,
Inc., NY, USA.2020.

67.Ehsan Kianfar and Ali Razavi, Zeolite catalyst
based selective for the process MTG: A review:
In book: Zeolites: Advances in Research and
Applications, Edition: Annett Mahler Chapter: 8:
Publisher: Nova Science Publishers, Inc., NY,
USA.2020.

68.Ehsan Kianfar, Zeolites: Properties, Applications,
Modification and Selectivity: In book: Zeolites:
Advances in Research and Applications, Edition:
Annett Mahler Chapter: 1: Publisher: Nova
Science Publishers, Inc., NY, USA.2020.

69. Kianfar E, Hajimirzaee S, Musavian SS, Mehr
AS. Zeolite-based Catalysts for Methanol to
Gasoline process: A review. Microchemical
Journal. 104822(2020).

70.Ehsan Kianfar, Mehdi Baghernejad, Yasaman
Rahimdashti. Study synthesis of vanadium oxide
nanotubes with two template hexadecylamin and
hexylamine, Biological Forum.; 7: 1671-
1685(2015).

71.Ehsan kianfar. Synthesizing of vanadium oxide
nanotubes using hydrothermal and ultrasonic
method. Publisher: Lambert  Academic
Publishing. 1-80(2020). ISBN: 978-613-9-81541-
8.

72.Kianfar E, Pirouzfar V, Sakhaeinia H. An
experimental study on absorption/stripping CO2
using Mono-ethanol amine hollow fiber
membrane contactor. J. Taiwan Inst. Chem. Eng.
80: 954 -962(2017).

73. Kianfar E, Viet C. Polymeric membranes on base
of PolyMethyl methacrylate for air separation: a



616 B. Abed Hussein et.al.

review. Journal of Materials Research and
Technology. Volume 10, 1437-1461(2021).
74.S.s.nmousavian,P Faravar, Z, Zarei,
R,zimikia,M.G. Monjezi,E.kianfar.Modeling and
simulation absorption of CO2 using hollow fiber
membranes (HFM) with mono-ethanol amine
with computational fluid dynamics. J. Environ.
Chem. Eng. Volume 8, Issue 4, 103946 (2020).

75. Zhidong Yang, Liehui Zhang, Yuhui Zhou, Hui
Wang, Lichen Wen, and Ehsan Kianfar,
Investigation of effective parameters on SAPO-34
Nano catalyst the methanol-to-olefin conversion
process: A review, Reviews in Inorganic
Chemistry, Volume 40, Issue 3, Pages 91-
105(2020). DOI: https://doi.org/10.1515/revic-
2020-0003.

76. Chengyun Gao, Jiayou Liao, Jinggiong Lu, Jiwei
Ma and Ehsan Kianfar. The effect of
nanoparticles on gas permeability with polyimide
membranes and network hybrid membranes: a
review, Reviews in Inorganic Chemistry.2020.
https://doi.org/10.1515/revic-2020-0007.

77.Ehsan Kianfar, Mahmoud Salimi, Behnam
Koohestani .Zeolite CATALYST: A Review on
the Production of Light Olefins. Publisher:
Lambert Academic Publishing. 1-
116(2020).1SBN:978-620-3-04259-7.

78.Ehsan Kianfar,. Investigation on catalysts of
“Methanol to light Olefins”. Publisher: Lambert
Academic Publishing. 1-168(2020).ISBN: 978-
620-3-19402-9.

79.Kianfar E. Application of Nanotechnology in
Enhanced Recovery Oil and Gas Importance &
Applications of Nanotechnology, MedDocs
Publishers.Vol. 5, Chapter 3, pp. 16-21(2020).

80. Kianfar E. Catalytic Properties of Nanomaterials
and Factors Affecting it Importance &
Applications of Nanotechnology, MedDocs
Publishers.Vol. 5, Chapter 4, pp. 22-25(2020).

81.Kianfar E. Introducing the Application of
Nanotechnology  in  Lithium-lon  Battery
Importance & Applications of Nanotechnology,
MedDocs Publishers. Vol. 4, Chapter 4, pp. 1-
7(2020).

82.Ehsan Kianfar; H. Mazaheri. Synthesis of
Nanocomposite (CAU-10-H) Thin-Film
Nanocomposite (TFN) Membrane for Removal of
Color from the Water. Fine Chemical
Engineering. 1, 83-91(2020).

83.Ehsan Kianfar. Simultaneous Prediction of the
Density and Viscosity of the Ternary System
Water-Ethanol-Ethylene Glycol Using Support
Vector Machine. Fine Chemical Engineering. 1,
69-74(2020).

84. Ehsan Kianfar; Mahmoud Salimi; Behnam
Koohestani. Methanol to Gasoline Conversion

Egypt. J. Chem. 65, No. 12 (2022)

over CuO / ZSM-5 Catalyst Synthesized and
Influence of Water on Conversion. Fine Chemical
Engineering. 1, 75-82(2020).

85.Ehsan Kianfar. An Experimental Study PVDF
and PSF Hollow Fiber Membranes for Chemical
Absorption Carbon Dioxide. Fine Chemical
Engineering. 1, 92-103(2020).

86.Ehsan Kianfar; Sajjad Mafi. lonic Liquids:
Properties, Application, and Synthesis. Fine
Chemical Engineering. 2, 22-31(2020).

87. Faghih, S. M.; Kianfar, E. Modeling of fluid bed
reactor of ethylene dichloride production in
Abadan Petrochemical based on three-phase
hydrodynamic model. Int. J. Chem. React. Eng.
16, 1-14(2018).

88.Ehsan Kianfar; H. Mazaheri. Methanol to
gasoline: A Sustainable Transport Fuel, In book:
Advances in Chemistry Research. Volume 66,
Edition: james C.taylorChapter: 4Publisher: Nova
Science Publishers, Inc., NY, USA.2020.

89. Kianfar,“A Comparison and Assessment on
Performance of Zeolite Catalyst Based Selective
for theProcess Methanol to Gasoline: A Review,
“in Advances in Chemistry Research, Vol. 63,
Chapter 2 (NewYork: Nova Science Publishers,
Inc.) .2020.

90.Ehsan Kianfar, Saeed Hajimirzaee, Seyed
Mohammad Faghih, et al. Polyvinyl chloride +
nanoparticles titanium oxide Membrane for
Separation of 02 / N2. Advances in
Nanotechnology. NY, USA: Nova Science
Publishers, Inc.2020.

91. Ehsan Kianfar. Synthesis of characterization
Nanoparticles isophthalic acid / aluminum nitrate
(CAU-10-H) using method  hydrothermal.
Advances in Chemistry Research. NY, USA:
Nova Science Publishers, Inc.2020.

92.Ehsan Kianfar. CO2 Capture with lonic Liquids:
A Review. Advances in Chemistry Research.
Volume 67Publisher: Nova Science Publishers,
Inc., NY, USA.2020.

93.Ehsan  Kianfar. Enhanced Light Olefins
Production via Methanol Dehydration over
Promoted SAPO-34. Advances in Chemistry
Research. Volume 63, Chapter: 4, Nova Science
Publishers, Inc., NY, USA.2020.

94.Ehsan Kianfar. Gas hydrate: applications,
structure, formation, separation  processes,
Thermodynamics.  Advances in  Chemistry

Research. Volume 62, Edition: James C. Taylor.
Chapter: 8. Publisher: Nova Science Publishers,
Inc., NY, USA.2020.

95. Mehran Kianfar, Farshid Kianfar, Ehsan Kianfar.
The Effect of Nano-Composites on the Mechanic
and Morphological Characteristics of NBR/PA6



Production, Structural properties Nano biochar and Effects Nano biochar in 617

Blends. American Journal of Oil and Chemical
Technologies 4(1):29-44, (2016).

96. Ehsan Kianfar , The Effect of Nano-Composites
on the Mechanic and  Morphological
Characteristics of NBR/PA6 Blends. American
Journal of Oil and Chemical Technologies
4(1):27-42, (2016).

97. Farshad Kianfar,Seyed Reza Mahdavi
Moghadaml and Ehsan Kianfar, Energy
Optimization of llam Gas Refinery Unit 100 by
using HYSYS Refinery Software, Indian Journal
of Science and Technology, Vol 8(S9), 431-436,
(2015).

98. Ehsan Kianfar, Production and ldentification of
Vanadium Oxide Nanotubes, Indian Journal of
Science and Technology, Vol 8(S9), 455-464,
(2015).

99. Farshad Kianfar,Seyed Reza Mahdavi
Moghadaml and Ehsan Kianfar, Synthesis of
Spiro  Pyran by using Silica-Bonded N-
Propyldiethylenetriamine as Recyclable Basic
Catalyst, Indian Journal of Science and
Technology, Vol 8(11), 68669, (2015).

100. Saeed Hajimirzaee, Amin Soleimani Mehr &
Ehsan Kianfar. Modified ZSM-5 Zeolite for
Conversion of LPG to Aromatics, Polycyclic
Aromatic Compounds (2020), DOI:
10.1080/10406638.2020.1833048.

101. Kianfar, E. Investigation of the Effect of
Crystallization Temperature and Time in
Synthesis of SAPO-34 Catalyst for the Production
of Light Olefins. Pet. Chem. 61, 527-537 (2021).
https://doi.org/10.1134/S0965544121050030.

102. Xiaoping Huang, Yufang Zhu, Ehsan Kianfar.
Nano Biosensors: properties, applications and
Electrochemical Techniques, Journal of Materials
Research and Technology. Volume 12, Pages
1649-1672(2021). DOI:
10.1016/j.jmrt.2021.03.048.

103. Kianfar, E. Protein nanoparticles in drug
delivery: animal protein, plant proteins and
protein  cages, albumin nanoparticles. J
Nanobiotechnol 19, 159 (2021).
https://doi.org/10.1186/s12951-021-00896-3.

104. Kianfar, E. Magnetic nanoparticles in targeted
drug delivery: A review. Journal of
Superconductivity and Novel Magnetism, (2020).
https://doi.org/10.1007/s10948-021-05932-9.

105. Syah, Rahmad, Zahar, Marziah and Kianfar,
Ehsan. "Nanoreactors: properties, applications
and characterization" International Journal of
Chemical Reactor Engineering, vol., no., (2021),
pp. 000010151520210069.
https://doi.org/10.1515/ijcre-2021-0069.

106. Majdi, H.S., Latipov, Z.A., Borisov, V. et al.
Nano and Battery Anode: A Review. Nanoscale

Egypt. J. Chem. 65, No. 12 (2022)

Res Lett 16, 177 (2021).
https://doi.org/10.1186/s11671-021-03631-x.
107. Dmitry Bokov, Abduladheem Turki Jalil, Supat
Chupradit, Wanich Suksatan, Mohammad Javed
Ansari, Iman H. Shewael, Gabdrakhman H.
Valiev, Ehsan Kianfar, "Nanomaterial by Sol-Gel
Method: Synthesis and Application”, Advances in
Materials Science and Engineering, vol. 2021,
Article ID 5102014, 21 pages, 2021.

https://doi.org/10.1155/2021/5102014.

108. Ansari, M.J., Kadhim, M.M., Hussein, B.A. et
al. Synthesis and Stability of Magnetic
Nanoparticles. BioNanoSci. (2022).
https://doi.org/10.1007/s12668-022-00947-5.

109. Supat Chupradit, M. Kavitha, Wanich Suksatan,
Mohammad Javed Ansari, Zuhair 1. Al
Mashhadani, Mustafa M. Kadhim, Yasser Fakri
Mustafa, Shafik S. Shafik, Ehsan Kianfar,
"Morphological  Control:  Properties  and
Applications of Metal Nanostructures”, Advances
in Materials Science and Engineering, vol. 2022,
Article ID 1971891, 15 pages, 2022.
https://doi.org/10.1155/2022/1971891.

110. Omer Dhia Aldeen Salah Aldeen, Mustafa Z.
Mahmoud, Hasan Sh. Majdi, Dhameer A. Mutlak,
Khusniddin Fakhriddinovich Uktamov, Ehsan
kianfar, "Investigation of Effective Parameters Ce
and Zr in the Synthesis of H-ZSM-5 and SAPO-
34 on the Production of Light Olefins from
Naphtha", Advances in Materials Science and
Engineering, vol. 2022, Article ID 6165180, 22
pages, 2022.
https://doi.org/10.1155/2022/6165180.

111. Asep Suryatna, Indah Raya, Lakshmi
Thangavelu, Firas Rahi Alhachami, Mustafa M.
Kadhim, Usama S. Altimari, Zaid H. Mahmoud,
Yasser Fakri Mustafa, Ehsan Kianfar, "A Review
of High-Energy Density Lithium-Air Battery
Technology: Investigating the Effect of Oxides
and Nanocatalysts”, Journal of Chemistry, vol.
2022, Article ID 2762647, 32 pages, 2022.
https://doi.org/10.1155/2022/2762647.

112. Abdelbasset, W.K., Jasim, S.A., Bokov, D.O. et
al. Comparison and evaluation of the performance
of graphene-based biosensors. Carbon Lett.
(2022). https://doi.org/10.1007/s42823-022-
00338-6.

113. Jasim, S.A., Kadhim, M.M., KN, V. et al.
Molecular Junctions: Introduction and Physical
Foundations, Nanoelectrical Conductivity and
Electronic Structure and Charge Transfer in
Organic Molecular Junctions. Braz J Phys 52, 31
(2022). https://doi.org/10.1007/s13538-021-
01033-z.

114. Dehghan, M., Tahmasebipour, M., &
Ebrahimi, S. (2022). Design, fabrication, and
characterization of an SLA 3D printed



618 B. Abed Hussein et.al.

nanocomposite electromagnetic microactuator.
Microelectronic Engineering, 254, 111695.

115. Shakir Alkhafaji, R., Muhsin Khalfa, H., LF
Almsaid, H. (2022). Rat Hepatocellular Primary
Cells: A Cellular and Genetic Assessment of the
Chitosan Nanoparticles-Induced Damage and
Cytotoxicity. Archives of Razi Institute, 77(2),
579-584. doi: 10.22092/ari.2022.357103.1974

116.1ssa, M. (2022). Rapid Enzymatically Reduction
of Zincum Gluconicum for the Biomanufacturing
of Zinc Oxide Nanoparticles by
Mycoextracellular ~ Filtrate  of  Penicillium
Digitatum (Pdig-B3) as a Soft Green Technique.
Archives of Razi Institute, 77(1), 101-110. doi:
10.22092/ari.2021.356422.1841

117. Fakri Mustafa, Y., Riyadh Khalil, R., Tareq
Mohammed, E., Bashir, M., Khudhayer Oglah,
M. (2021). Effects of Structural Manipulation on
the Bioactivity of some Coumarin-Based
Products. Archives of Razi Institute, 76(5), 1297-
1305. doi: 10.22092/ari.2021.356100.1776

118.Mohammad, M., Ahmed, S., Alameri, R. (2021).
Green Medicine: A Novel Preparation Method for
Green Synthesizing of Iron Nanoparticles Derived
from Beta Vulgaris Extract. Archives of Razi
Institute, 76(5), 1327-1332. doi:
10.22092/ari.2021.355933.1740

119. Saied, S., Mohammed, S., Khaleel, B.,
Saleh, M. (2021). Comparative Studies between
Conventional Techniques and Green Chemistry to
Synthesis of Novel Piperidinium Salts lonic
Liquids (PBSILs). Journal of Chemical Health
Risks, 11(4), 451-456. doi:
10.22034/jchr.2021.686640

120. Kundu, R., Biswas, C., Ahmed, J., Naime,
J., Ara, M. (2020). A Study on the Adsorption of
Cadmium(ll) from Aqueous Solution onto
Activated Carbon Originated from Bombax ceiba
Fruit Shell. Journal of Chemical Health Risks,
10(4), 243-252. doi:
10.22034/jchr.2020.1903764.1154

121. Honarvar, Z., Farhoodi, M., Khani, M.,
Mohammadi, A., Shokri, B., Jannatiha, N.,
Shojaee-Aliabadi, S. (2021). Antimicrobial and
Physicochemical Properties of Plasma Treated
Bio-Coating Polypropylene Films Containing
satureja hortensis Essential Oil. Iranian Journal of
Chemistry and Chemical Engineering (IJCCE),
40(4), 1216-1228. doi:
10.30492/ijcce.2020.43324

122. Aramesh Boroujeni, Z., Asadi Aghbalaghi,
Z. (2021). Electrochemical  Determination
Venlafaxine at NiO/GR Nanocomposite Modified
Carbon Paste Electrode. Iranian Journal of
Chemistry and Chemical Engineering (IJCCE),

Egypt. J. Chem. 65, No. 12 (2022)

40(4), 1042-1053. doi:
10.30492/ijcce.2020.39188

123.  A.A M..FB,S..,GP,S.,M, M. ,B,N.
+~MM,S. .,AY,S..,S.D,H.,R,G. ., &AM,
G. . (2021). Influence of Reaction Temperature on
Bioethanol  Production by  Saccharomyces
Cerevisiae  Using Cassava as Substrate.
International Journal of Sustainable Energy and
Environmental Research, 10(1), 9-16.
https://doi.org/10.18488/journal.13.2021.101.9.16



