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Abstract

The problem of water pollution with various types of pollutants, including heavy
metals, is a challenge for researchers in all parts of the world. Therefore, there are
many studies and research to solve this problem and reduce its seriousness,
including our current study, which includes an attempt to increase the adsorption
efficiency of the surface of biochar prepared at two temperatures (300°C and
600°C) from Wheat straw and walnut shells by preparing several surfaces and
nano materials for the adsorption of cadmium(ll) ion from its agueous solution
(Cd*).

This study included the preparation of silver oxide nanoparticles (Ag,0 NPs) in an
environmentally friendly way using silver nitrate salt (AgNO3) as a source of silver
ions and with the help of the aqueous extract of the seaweed plant (Melia
azedarach) as a reducing agent and in the presence of an aqueous solution of
sodium oxide as a precipitation agent, followed by the preparation of binary
composites of biochar. Prepared at two temperatures (300 and 600°C) with
nano-silver oxide by solution treatment method.

The prepared silver nanoparticles, biochar, and binary composites were
characterized using techniques (With the help of X-ray energy dispersion
spectroscopy, it was confirmed that silver oxide nanoparticles (Ag,0 NPs) were
prepared, as the percentage of silver element was (95.3%), with an accuracy of up
to (= 0.50). X-ray diffraction (XRD) technique showed that the size of the silver
oxide nanoparticles (Ag,0 NPs) was 56.44 nm, and the particle size of the biochar
sourced from wheat straw at the two temperatures of the study was (63.5 nm at
300 °C) and (41.25 nm at 600 °C), respectively. On the other hand, the particle
size of the biochar, which comes from walnut shells and was prepared at two
temperatures (264 nm at 300 °C) and (35 nm at 600 °C), was calculated. In
contrast, the X-ray diffraction patterns of the biochar prepared from wheat straw
showed that increasing the temperature from (300 °C) to (600 °C) for two hours
had a noticeable effect on the shape and composition of the product. On the
other hand, increasing the temperature had a clear effect on the crystal structure
of the biochar prepared from walnut shells. On the other hand, the compositions
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prepared from silver oxide with the two types of biochar had a significant effect
on The shape and size of the nanoparticles is shown in the FE-SEM images. The
elements (O, C, H, N, S) present in the samples were measured using a (CHNS)
device and showed different results for (carbon, hydrogen, oxygen, nitrogen and
sulfur), as there was a decrease in the percentages of both nitrogen and oxygen
and an increase in the percentage Carbon at 600°C. The prepared surfaces were
used to study the adsorption of cadmium ion from an aqueous solution (Cd*?) at
an initial concentration (50 ppm). The effect of equilibrium time and temperature
on the adsorption process was studied. The results of the effect of the contact
time between the prepared surfaces and the aqueous solution of cadmium(ll) ion
showed a variation in the removal values up and down up to the equilibrium time
of 120 minutes. The effect of temperature on the adsorption process of cadmium
ion Cd** was calculated at temperatures (298, 301, 318, 328) and it was at a
temperature of 328. The highest adsorption rate of 94% was given to the surface
of the binary composite of walnut shells/silver oxide prepared at 600 °C.

The results of the change in the amount of adsorbed material over time were
analyzed according to kinetic models (pseudo-first order, pseudo-second order)
and the results showed that they followed the pseudo-second order model. The
thermodynamic functions AG, AH, and AS were calculated. The results showed
that the negative sign of the values of (AH) for the adsorption process of cadmium
ion (Cd*?) on all surfaces under study indicates that the adsorption process is
heat-emitting, as we can see from the values of AH) for each Surfaces indicate
that the adsorption process is physical, which indicates the possibility of using the
surfaces more than once, while the negative sign of the (AS) values indicates the
organization of the cadmium ion (Cd**) molecules on the adsorbed surfaces, and
the values of the compression free energy (AG) for the adsorption of the cadmium
ion (Cd*?) is positive for surfaces before modification (walnut straw) and at both
preparation temperatures, as well as for binary complexes, which indicates that
the adsorption process is not spontaneous, while in the case of the surface of
wheat straw before modification and at both preparation temperatures, the
values of the compressive free energy (AG) were negative, which means that This
surface undergoes a spontaneous adsorption process, and the reason for this is
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due to the nature of the source from which the biochar is prepared. Based on
these results, the adsorption of cadmium ion from its agueous solution on all
surfaces studied is chemical-physical adsorption.

Finally, several isotherms were studied and it was found that the Langmuir
isotherm is the best one that can describe the adsorption of cadmium(ll) ions on
the prepared surfaces.
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Characterization
- UV-Vis spectroscopy
-X-ray diffraction

- Transmission
electron microscopy

- Scanning electron

- microscopy
+ Plant M, ®|= - Photo-luminescence
extract ' . spectroscopy

AgNO, (Leaf/Shoot/Root)

Nanoparticles

Applications
- Antimicrobial
- Anticancer

- Antioxidant

- Antidiabetic

- Drug delivery

[
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I SingleSite
Il Multiite
I Generalized
IV, Cooperative
V. Dissocative
VI, Multlayer
Case |: SingleSite (Simple] | | Case Il: Muktiste Langmuic | | Case Ill: Generalied | | Case IV: Cooperative || Case V: Dissociative | | Case Vi Multilayer 06
Langmuir Adsorption (S1). | | Adsorption  (MSL). - The | | Langmuir Adsorption (). | | Adsorption (). The | | Adsortin (OK). In this | | Adsorgtin  (MLA) | 0 pspeqipe1
The adsorption isotherm | | contrbution of each type of | | When the role of | | Quadratic Adsorption (QA) | | specffic  case of Brunever = Emmett = OMSNMTWH
equation (the adsorbed | | ste to the total amount | | adsorbate-adsorbate isthe simplest CAmodel. In | | homonuclear Teler (B€T) Mullayer | O Adsorbed Type3
quantity,Na,asafunctionof | | adsorbed is smply additive, | | attractions  can  be | | his particular case, the | | diatomic/monatomic Adsorgtion is most wel- 0
buk gas pressure, P) is | | leading to the MSL | | neglected, the adsorption | | quadratic adsorption (QA) | | dissociative adsorption e moklyer | wsirt
found to be (where K | | adsorption isotherm | | fsotherm s simply the | | isotherm isobtained (DA), the adsorption adsontioniothem.fora | ¥Sie2
(having ~ dimensions o | | equation continuum analogy to the A 4 WP isotherm of the atomic . Y4
inverse pressure isthe '\'(P)-lfl' & MSLmodel. MP)J—HZKHKW’ species A, asa function of surface co.ntamng ) :
Langmuirbinding constant: | | " & "i+KP o [0 il Ty — the pressure of the buk adsofptbn sites, the BET | ¢
,v‘(p).ro.ri Where the sum is over the "“'LWM( b I"gmkh gaseous molecular .multulayet adsorption
I+kp number of differenttypesof | | K(U) = e ™ fohe ndeg eonsan ) ns. ® 1| species A2, ((A+A= R2) bahem & o
binding sites, Ki is the | | Langmuir constant of asite numbe'r of adsorpton ste, || g R T
Langmuir constant for skes | | offerng energy of and gisa factor desrbing s ar X
of type i and the total | | agsorption . the  magniude o || ILEF Kis an analogous binding
number of sites s simply adsorbate-adsorbate constant.
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