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Abstract

Thesynthesis in a single step from charcoal nut shells (Ns) to obtained a novel Ns. Biochar/ ZnO
bio-composite. The chemical activation of the Bio-carbon with a solution of ZnCl, at 0.136 mole
and neutral pH to give a pure composite at T=600 °C which is characterized by scanning electron
microscope(SEM), x ray diffraction(DRX) and spectroscopy Fourier transform-infrared (FTIR) and
UV-Visible spectroscopy to studyadsorption of copper ions. The adsorption kinetic appropriate to
the Experimental data is the pseudo-second order model kinetic. The experimental adsorption
capacity for copper ions is 1273 mg/ gat temperature 20°C. Thus, the low-cost synthesis of the
ZnO Bio-composite is a promoter axis for the adsorption of copperions.

Keywords-biochar, kinetic models, adsorption, isotherm, Nut shells, copper.
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1. Introduction

The Industrial activities are very important sources of environmental pollution, which contains

many heavy metal ions such as Cu?*,Zn?", Ni** ,Ca *'and Pb*' ionsare widely distributed in the
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environment and these ions are very important for life and very toxic to living organisms
including human beings [1]. In particular, Cu?" is an important metal ion present in the effluents
of industries. However, Cu*" ion is dangerous to human health treatment process used to treat
pollutants for Cu?'ions, photo catalytic degradation, oxidation, biological degradation strategies
(2, 3], filtration, extraction, reduction and bio-adsorption. Bio-adsorption method is a very good
process to deal with removedCu** ioncontamination from wastewater because it is not
expensivetechnology than other methods and less harmful to the environment [4]. Biochar have
made substantial breakthroughs in reducing greenhouse gas emissions and global warming,
reducing soil nutrient leaching losses, sequester atmospheric carbon into the soil, increasing
agricultural  productivity, reducing bioavailability of environmental contaminants and
subsequently, becoming a value-added product sustaining bio-economy. Bio-economy implies
the exploration and exploitation of bio-resources, which involves the use of biotechnology to
create new bio-products of economic value. Biochar is a marketable bio-product, which can be

used in agriculture, industries and energy sector [5].

In recent years, the ease of modification of Biochar by metal oxides has attracted the attention of
several researchers to improve the adsorbent properties of pollutants [6]. For example, adding
MnO to biochar facilitates the removal of Pb (II) and Cd (II) ions[7]. However, if iron oxide is
added inparallel with magnesium oxide and Biochar to form the composite (Mg/ Fe-LHD

biochar), this increases the co-adsorption of cations and anions [8].

Originality of this work, we studied the adsorption ofCu*ions solution to use a raw nut shells
obtained from Algeria to produce the nut shells biochar is abbreviated (Ns. BC). This bio-carbon
was prepared in a single step and low synthesis with chemical activation using zinc chloride
solution at ZnCl=0.136mole and a neutral pH at temperature T= 600°C to give a pure
composite (Ns.BC/ ZnO). The novel biochar/ ZnO composite has been characterized and

applied to structural properties surface functional groups.

In this work we studied many parameters to effect from copper adsorption like stirring time,
massbioproduct (Ns.BC/ ZnO) composite andinitial concentration of copper(Il) ions effect. All
adsorption tests were conduct at neutral pH. The experimental adsorption capacity at

equilibrium(Q.) calculated with the isothermal and kinetic models.
2. Experimental
The different measuring devices used are:

. . X-ray diffraction (XRD) analysis of the biochar/ ZnO composite was carried out on an

equipped name in the two angle ranging from 5° to 80°.

. Fourier transforms infrared (FTIR) spectroscopy measurements using 6700 FTIR

technique Spectrometer over the wave range from 4000 to 400 cm’'.
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. Spectroscopy UV-Visible using Shimadzu model.

. pH meter usin HANNA pH 210model with a combination electrode (Bioblock

Scientific).

. EDS technique “Tescan Vega 3” was used for surface morphology and elemental analysis

of the prepared material.

J SEM The Scanning electron microscopy illustrates the surface physical morphology of

pure bio-composite biochar/ ZnO.

The raw material was used as an adsorbent, we prepared from the nut shells from Algeria to the
production of pure composite. The cleaning with distilled water several times raw material (nut
shells) to remove all impurities. Next step is drying in an oven at 105 °C for night. After, pre-
carbonization at 200 °C for six hours to allow the elimination of the rest of the impurities. After
cooling of the nut shells from the carbonized put in an electric grinder in order to obtain
homogeneous materials for the needs of laboratory studies. The grinding time depends on the
mass to be ground at 15-20 min. The sizes of the particles used for the adsorption tests were
mechanically isolated using vibrating electric sieves whose mesh size corresponds to diameters
Xp=0.2 mm. We mix 20 g raw charcoal with zinc chloride solution at mZnCl,=18,53g to
activated bio carbon and keep stirring for half hour. The mixture putted in an oven for ten hours
at 105 °C. The product placed in the same muffle furnace up to 600 °C for 4 hours and
maintained at this temperature for one and a half hours (1.5) then cooled in the open air.We
prepared stock solutions with a concentration of copper 10g.I" of distilled water using copper
sulfate (Cu (SO4)). Then we diluted in different proportions to prepare solutions of lower

concentrations used in our tests.

Adsorption tests were carried out discontinuously at 293 K (except for temperature effect
experiments) and studied three repetitions of the same experiment. In 250 ml Erlenmeyer flasks
containing copperions solution at a specified concentration, 1g (Ns.BC/ ZnO)adsorbent was
introduced. The mixtures were stirred at a speed of 200 rpm for the desired time. The solutions
were then filtered through a 0.45 pm membrane filter and the residual copper ions content was
detected by a UV-vis spectrophotometer(Shimadzu model) at 810 nm. In the isotherm study,
copper solutions with concentrations ranging from 1 to 8g/l were used at a constant temperature

(-293 K)

Percent metal removal (%)[9-11]and adsorption capacityat equilibrium (Qe )[12-18]were

calculatedby equationslisted in table 1
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Table 1: Equations of the different isotherm and kinetic models

Equation formula SYMBOLES AND UNITS
C:—C
% = (1C—6) x 100
1 %: rate copper (II) removal
\%
Qe = (Co — Ce) X m Q. : adsorption capacityat
equilibrium(mg/g)
Co : initial concentration of Cu *ions
(g/
Freundlich
Ce:  equilibrium  concentration  of
In Qe = InKF + %lnCe adsorbent in solution(g/l).
Langmuir 1 (1 1 1
8 Qe_(KL QO) x (Ce) + Qo

1

R=——
714K, %G,

V: volume of solution (1)
m : mass of the adsorbent use(g) .

n: constant related to the adsorption

intensity.

Tob Regul Sci. ™ 2023 ;9(2): 929 - 949

932



Hanane Rehali et. al
Structural And Morphological Properties Of (Ns. B¢/ Zno)Bio-Composite Adsorption

Temkin Qo: maximum capacity adsorption

/
Qe=BInKt+Blnc, \"&®

Ki :  Langmuir isotherm equilibrium

constant (I/mg)

R:: indicates the conformational property

RT of the isotherm

BZA—Q

Ke:  Temkin isotherm  equilibrium

constant (1/g)

R=8.314]. mol'.K"!

AQ: variation in adsorption energy

(J/mole)

Qt: the adsorption capacity at time (t)

(mg/g)

R: universal ideal gas constant (J/mol.

K).

T: absolute temperature (K)

ki: the constant of pseudo first order

Kinetic first order kinetic model (1/min)

Ln (Qe Qo) = Ln Q.- kit

Kineric second order ka: constant of the pseudo second-order

adsorption (g/ (mg.min))

¢ R2: correlation coefficient

o= loem) o
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Intraparticle Q=K t"?+C

diffusion
Kin: constant of intra particle diffusion
model (mg/g.min™"?)

3. Result and Discussion

Fig.1 displays the identification of functional groups within the adsorbent (walnut shells) used in
this research at two different temperatures: 20 °C and 200 °C. A broad band located at [3050-
3670] cm™ is likely attributed to the (O-H) vibration of water molecules [10]. In the spectral
range between 2914 cm™ and 2851 cm™', we observed vibrations related to the (C-H)
asymmetrical stretching, which can be attributed to the presence of methyl/methylene groups
[12-16]. The vibration associated with the aromatic (C = C) ring stretching of lignin was
identified at 1602 cm™ [13-17]. The absorption bands at 1390 cm™ can be attributed to
aromatic skeleton vibrations combined with (C-H) in-plane deformations of biochars [8], as well
as the aromatic C-O and phenolic O-H stretching due to the presence of cellulose, hemicellulose,
and lignin [8-13]at 1089 cm™.

Additionally, Fig. 2reveals the appearance of two novel bands assigned to (Zn-O) at 703 cm™
and (O-Zn-0O) at 993 cm™, indicating stretching vibration groups [19].

Ns.BC(25° C)
Ns.BC(200°C)

2350

Transmittance (%)

( ( 3670
3050
>1602
= 1390

L] L] L] L] L] L] L]
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig.1.FTIR Spectrum of Ns.BC.
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Composite at 600°C\
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Fig.2. FTIR Spectrum of Ns.BC/ ZnObio-composite

We used Xray diffraction (XRD) technology to detect the crystalline aspect of our precursor and
(Ns.BC/ ZnO) composite under the influence of temperature. All the results of the structural
analysis (DRX) presented in Fig 3.

o
©
—

Ns.BC (25°C)

A A .‘“A“'“

Ns.BC (200°C)

Intensity (a. u.)

Ns.BC/ZnO (600°C)

Ns.BC/ZnO
(600°C, cu?t)

(00-41-1487) Crmn
(00-41-1487) ZNO s

10 20 30 40 50 60 70 80
Position 2 0 (°)

o
(=)
~—

— 002

b=

(SN
~— S
| —

Fig.3.XRD Patternsof Ns.BC and (Ns.BC/ ZnO)bio-composite.

The spread reflection of the (002) and (101) planes in the vicinity of (28 = 24°) and (26 = 40°)
suggests a low crystallinity in the formed biochar, confirming its amorphous carbon structure as
per JCPDS no. (00-41-1487) [20-22]. However, a sharp peak at 16° corresponding to the (110)

plane of cellulose Iz is observed in calcined nutshells [23].

The activation of carbon in a molar solution of ZnCl, at a neutral pH and a temperature of

600°C results in a robust insertion of ZnO with a single hexagonal wurtzite structure. The X-ray
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diffraction (XRD) pattern shows the presence of crystalline planes (100), (002), (101), (102),
(110), (103), (200), (112), (201), (004), and (202) at 20 positions of 31.83°, 34.5°, 36.31°,
47.64°, 56.65°, 62.95°, 66.49°, 68.0°, and 69.17°, respectively, identical to JCPDS no. (00-36-
1451).

The equation of the formation of ZnO :

A

ZnO(OH), ZnO+ H,O —_—
600 °C

Additionally, the size of ZnO crystallites, calculated using the Debye—Scherrer equation
(Dsa=(kxA)/(Bcos(8))) [22, 23], where k = 0.9 is the shape factor and B is the full width at half
maximum, is 32.3 nm, and it increases to 39.7 nm after adsorption. This confirms the formation
of a heterojunction between the biochar structure and the ZnO crystallites in the presence of

copper ions.

Fig 4. (a and b) shows SEM images of (Ns.BC) and (Ns.BC/ ZnO) bio-composite. The two
previous compounds were chosen for the morphological study because (Ns.BC) formed at 200
°C is a support of zinc oxide molecules. Both materials appear to have an irregular and porous
structure, which is similar to the results (Ying Wang et al., 2020)[24] who used nut shells
biochar as a precursor. Fig4. (2b) shows (Ns.BC/ ZnO) bio-composite that has more open pores
than none activate biochar. These results indicate that the process of simultaneous activation and
insertion of ZnO on the surface is effective in reducing the H,O molecules of the carbon pore

structure [25].
The micrograph ofFig 4. (b1) shows that size ZnO aggregations vary from 1.84 pm to 5.4 pm.

Moreover, fig 4 (d and e) present EDS spectrum and atom weight ratio of Ns.BC and Ns.BC/
ZnO bio-composite. The results shows that all the elements Carbon(C), Oxygen(O)
andZinc(Zn) are uniformly dispersed and without impurities. According to the studies of Sajjadi
et al. [25] and Chen et al. [26], the good aggregation of ZnO particles on the biochar support is

due to its high carbon content and low oxygen content.

Fig5. indicated that the removal of copper (%) on (Ns.BC/ZnO)bio-composite decreased
gradually with an increase in the initial concentration of Cu?'ions. At low concentrations, the
copper ions had a large number of available adsorption sites[27]. However, at the higher
initialconcentration of copper ions solution, the competition of Cu?* ions for adsorption sites of

the Ns.BC/ ZnO adsorbent becomes important.
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Fig. 4.SEM image of (a) Ns.BC(b) Ns.BC/ ZnO(d) EDS of Ns.BC (¢) EDS of Ns.BC /

ZnO bio-composite.

As a result, each unit mass of adsorbent is subjected to higher amounts of Cu*" ions. The
adsorption sites became saturated, and no more sites were available for further sorption.

Therefore, the adsorption of Cu**on Ns.BC/ ZnO composite is dependent on the initialCu®*ion
concentration [27, 28].

70
]
60 Iy —
— |
=
— 50
[=53
o
=10
S 40
“—
o
S 30
o
s
oc 20
10
o T T T T
o 2 a 6 8

initial concentration of copper ((g/l)

Fig. 5.Initial concentration effect on amount Cu*' ionsadsorbed (v= 200rpm, T= 20 °C) using a

pure bio-composite (Ns.BC/ ZnO)

Results Fig. 6.showed that the adsorption of Cu®* ionsoccurred in two stages , where in the initial
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phase goes up quickly. This is attributed to the high number of available free sites for adsorbing the
Cu? ions  molecules[27, 28].With in sixty minutes, the capacity of copper (II) adsorption about
(1273 mg/g) ofthe total Cu ** ions concentration (8 g/l).After ninety minutes a gradual decrease in the
speed of the adsorption process is noted, where copper ions slowly occupy the remaining active sites

due to the saturation adsorbent surface[29-31].

1400

Qt{mgs)

T T T T T T
o 20 40 60 80 100 120
Stirring time (Min)

Fig. 6.Stirring time effect on amount of Cu*'adsorbed (v= 200rpm, T= 20 °C) using a pure
bio-composite(Ns.BC/ ZnO)

The adsorption removal efficiency increased with the adsorbent dose(Fig7). This phenomenon
can be attributedto the increased doseof Ns.BC/ ZnOadsorbent, resulting in an increase in the
availability of active sites on the surface of each biochar. However, these adsorption sites
remained unsaturated during the adsorptionreaction. These results have beenpreviously reported
in other studies that investigated the influence of variations in the adsorbent dose onthe

adsorption of copper ion [27, 32].

v=200rpm -/

3 ; T=20 °C _——
= [ ]
o 60 - /
o
o
o |
*5 |
© 40 -
=
o
=
D
o

20 +

(0] v v v v
0,0 0,5 1,0 1,5 2,0

Dose of Ns.BC/ Zno composite(g/l)

Fig.7.Effect of dosage (Ns.BC/ ZnO) bio-composite on removal Cu*'ions

Tob Regul Sci. ™ 2023 ;9(2): 929 - 949 938



Hanane Rehali et. al
Structural And Morphological Properties Of (Ns. B¢/ Zno)Bio-Composite Adsorption

Fig.8 demonstrate the value of n was much greater thanl, there was a considerably strong
interaction between Cu**and Ns.BC/ ZnO adsorbent became the adsorption process was

inclined to take place[16].

0,0035 =

y=0.89x-0.508
R2= 0.99

0,0030 =

0,0025 =

1/Qe

0,0020 =

0,0015 -

0,0010 =

0,0005 T T T T T
0,0004 0,0006 0,0008 0,0010 0,0012 0,0014

1/Ce

Fig.8. Freundlich isotherm on removal Cu(Il) ions using (Ns.BC/ ZnO) bio-composite.

Comparison of fitting the Langmuirisotherm [33] is thermo -equation on the Cu *' ions
adsorption by a pure (Ns.BC/ ZnO) composite carried out at T= 20 °C and stirring speed
200rpm.Fig 9. shown a good fit of Langmuir isotherm were estimated R?=0.999.The results of

this model are listed in Table (2).
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Fig.9.Langmuir isotherm on removal Cu?'ions using (Ns.BC/ ZnO)bio-composite.

From this research work, the value of separation factorwere calculatedR;-0.75 indicating that the
equilibrium adsorption was favorable and it showed that the value of R* of the Langmuir
isotherm was higher than that of Temkin model proving that the adsorption data fitted well to
Langmuir isotherm.This indicated that the adsorption process was a mainly monolayer bonding

process occurring in specific heterogeneous binding sites[34].

The following values were estimated: AQ = 3.4 mLol which is an indication of the heat of

adsorption indicating a chemical adsorption process and the value R? obtained from the Temkin
model [35-37]were less comparable to those obtained from the Freundlich and Langmuir

isotherms.
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1200
1000 = y=679,91X+728,347
R?=0.989
/\c; 800 =
{e>]
E
D
&’ 600 -
400 =
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6,6 6,8 7,0 7,2 7.4 7.6 7.8 8,0

InCe

Fig.10.Temkin isotherm on removal Cu (II)ionsusing Ns.BC/ZnO bio-composite

Table2: Parameters of isotherm models

Models Parameters units Values
R? - 0.99
Kf L/g 0.601
Freundlich n - 1.12
R? 0.999
Qo mg/g 1302
Rp 0.75
Langmuir K, /g 0.408
R? - 0.98
Temkin Kt llg 291
AQ J/mol  3.34

The pseudo first order kinetic model (Fig.11)wereexplained by Lagergren [38, 39]equation listed
in table 1. The pseudo second-order kinetic [38], which is described by the chemical

Tob Regul Sci. ™ 2023 ;9(2): 929 - 949 941
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reactionsThe pseudo second-order Kinetic modelshowing that the R* value was almost 1 as well

plot than pseudo-first order kinetic model. These results are seen in Table3.

6,2
6od " y = -0.026X + 6.401
] R2=0.988
5,8 4 T=20°C and C=8g/I
5.6+
¢
& 5.4
=
— 5,24
5,0 -
4,8 -
416 T T T T T T
10 20 30 40 50 60
time(min)

Fig.11. Pseudo first order Kinetic on removal Cu*'ions using (Ns.BC/ ZnO) bio- composite.

0,10 4
y = 7.269E"4 X + 0.00082
Rz = 0.997
0,08 c=8g/l and T=20 °C
.. 0,06 -
(@4
]
0,04 -
0,02
-,
0,00 ' r T T r r
o 20 40 60 80 100 120

time(min)
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0,10 4
y = 7.269E"4 X + 0.00082
R? = 0.997

0,084 |c=8g/ and T=20 °C

+ 0,06 =
o
—~
+—
0,04 -
0,02
u
0,00 T T T T T T
0 20 40 60 80 100 120
time(min)
0,10

y = 7.269E™4 X + 0.007
R2 = 0.997
0,08 = C=8g/l and T=20 °C

0,06 =

t/Qt

0,04 -

0,02 =

0,00 T T T T T T
0 20 40 60 80 100 120

time(min)

Fig.12. Pseudo second kinetic model to removal Cu*'ions using (Ns.BC/ ZnO) bio-

composite.
The intraparticle diffusion equation expressed as Weber and Morris [38]listed in table 1.

Fig.11, Fig.12 and Fig.13 shown three models plots, the constants (ki, ks, Kin) and Qe were
determined using the slope and intercept of these plots, respectively. The experimental results of
the parameter of the three models kinetic were calculated and listed in Table 3, the pseudo

seccond order kinetic model well plot with a R* wvalue close to 1.
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t0,5(min0.5)

10 12

Fig.13. Intra-particle diffusion model on removal Cu*'ions using (Ns.BC/ ZnO) bio-composite

Table3: Parameters of order Kinetic models for adsorption copper (II) using Ns.BC/ZnO bio-

composite.
Models Parameters units Values
Pseudo R2 - 0.989
first order K. min™! 0.026
Qe mg/g 602
R? - 0.99
Pseudo K, g/mg.min 0.00092
second order
Q. mg/g 1220
R? - 0.716
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K (mg/g.min"?) 0.00667
Intraparticle
diffusion
C - 0.647
4. Conclusion

We used nut shells abiomass aslow-cost adsorbent in the treatment of waste water. This raw material
can be characterized by DRX,MEB and FTIR. The step of carbonized NS-biochar at T=600°C and
the activation with zinc chloride solution to gives a pure bio- composite (Ns. BC/ ZnO). The FTIR
spectrum of (Ns.BC) confirmed two novel peaks is assigned to (Zn-O) at 703cm™ and (O-Zn-O) at
993cm™ stretching vibrations group.This bio-composite (Ns.BC/ZnO) is good adsorbents to
eliminate Cu (II) ions solution. The kinetic of adsorption Cu (II) ionscan be fitted a good by Pseudo-
second-order model. The maximum adsorption capacity for Cu (II) ions were calculated Q=1273 mg/
g at 20°C. The stability of the (Ns. BC/ ZnO) bio-composite and its good morphological properties

allowed good adsorption of copper ions in polluted waters, which pavesthe way for its application to

other heavy metals threatening the environment.
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