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ABSTRACT

In this work, we were interested in the modification and characterization of activated carbon-supported
by metallic nanoparticles. To clarify more about our experience, it was based on the modification process which
is related to the synthesis of two modified activated carbon by metallic nanoparticles, where each of them had
different protocols. Secondly, we focused on the characterization methods such as the blue methylene index, the
iodine value, and the determination of the point of zero charges, the infrared analysis, and the application of the
adsorption on the methylene blue. The experimental results showed that the modified activated carbon that was
modified in protocol two was the more efficient one but couldn’t exceed the commercial efficiency, going to the
application of the activated carbon, the experimental data were analyzed by Langmuir, Freundlich, and Temkin
models. it is perfectly described by the Langmuir model with a correlation coefficient of 0.8, The values indicate
that our activated carbon produced in the laboratory has a decent affinity for this dye, and the strong adsorption
of methylene blue on Merck and modified activated carbon is probably due to the presence of increased porosity.

Keywords: metallic nanoparticles, Activated Carbon, Characterization, Adsorption.
RESUME

Dans ce travail, nous nous sommes intéressés a la modification et a la caractérisation du charbon actif
supporté par des nanoparticules métalliques. Pour en savoir plus sur notre expérience, celle-ci était basée sur le
processus de modification qui est lié a la synthése de deux charbons actifs modifiés par des nanoparticules
métalliques, ou chacun d'entre eux avait des protocoles différents. Ensuite, nous nous sommes concentrés sur les
méthodes de caractérisation telles que I'indice de méthyléne bleu, l'indice d'iode, la détermination du point de
charge zéro, l'analyse infrarouge et l'application de l'adsorption sur le bleu de méthyléne. Les résultats
expérimentaux ont montré que le charbon actif modifié¢ dans le protocole deux était le plus efficace, mais qu'il ne
pouvait pas dépasser l'efficacité commerciale, En ce qui concerne l'application du charbon actif, les données
expérimentales ont été analysées par les modeles de Langmuir, Freundlich et Temkin. Il est parfaitement décrit
par le modéle de Langmuir avec un coefficient de corrélation de 0,8, Les valeurs indiquent que notre charbon actif
produit en laboratoire a une affinité décente pour ce colorant, et la forte adsorption du bleu de méthyléne sur le
charbon actif Merck et le charbon actif modifié est probablement due a la présence d'une porosité accrue.

Mots-clés : nanoparticules métalliques, charbon actif, caractérisation, Adsorption.

Laile
28 (L ja3 (e 2y dall e g1 Aianall 4 Ul Clarally o s dall Tadiall () 50 81 G 555 Jianly (g US Janll N2

Y S 55 Legie JSI OIS Cua cdsiancall 4y g3l Cllasual) dad gy Jonall Jadiall ¢y 59 S (e ) iy dlaiall Qo) dlae ) i

ant AV Jlai s oy jtall cilin B Al paaty o sall dad s G5V Caliaal) 5dise Jie Cina il 35k e BS) (il Adlisa

) 8 555 ) alined 3 (o3 Taiall ¢y s K0 S Alaeal (5 A ) i) sl s e 5W i) e 51 55eY) (ke o) el

3 A g gyl Ll s o5 il (S (et 1) ) g e Sl 3o liCll 5 laty of (S Y K05 30 LS Y1

O G ) 2 0.8 dl i) Jalas ae Langmuir g2 5e3 4asd 2 Mis JS53 48a s aiTemkin. sFreundlich sLangmuir

Merck e 35V Cabiiall (o 58l Gabiaial) (558 o Jatinall (ga 5 dianall oded (555 & 4 sl b il Jadiall (5 S1)

Bl Yia dpalise 3 ga 5l oo 3L Jaadl) il (0 80

Ve eCina gl cdadiall ¢y g )SU cAiamall Ay gl Cilasuall sdsalifall cilalsl)



Table of Contents

GENERAL INTRODUCTION.....ccc0uuuzeeeetieeeenmmnnnssesseereeannnssssssssserseanmnsssssssssssssnnnsssssssssssssannnnssssns 1
CHAPTER IL: ......cceiiiiiiiiiiieeieeesiiieesananssessseeeeennanssssssssereeannnssssssssseresnnnnsssssssssssesnnnnssssssssssssnnnnnnssnns 1
BIBLIOGRAPHIC STUDY ....cccccuuieeeiiiiiennmnnnnseeeeeereenmnssssseseseeeesnnnsssssssssesesnnnsssssssssessennnnsssssssssens 1
I. ACTIVATED CARBON: ....cviueertrsessesssestssesssssessssssensssssessesesesssssssssssessssessssssessntesssssssensssssensssesenses 2
L1 DEFINITION: ....ooovvuiaittieceeteseeese s ssse s ssas s s sessesesesaesesessssesesessesesssassessssaesessnassessnsesessssaesssanassesans 2
1.2. PRODUCTION OF ACTIVATED CARBON: ..c.veeetiuesesraessssesessssesssssessssssssssssssssssesssssssnsssssensssessnens 3
1.2.1. CARBONIZATION: ........oocuitreieeueriessesessassesessssesesssesesesassesessssesesssssessssssesesasassesassssessssssesesasassesans 4
L.2.2. ACTIVATION: ......oooeitteeeeeteieeete s sesae et ae s s s s s st s s s s st e s s s e s s s sesessssaesesanassesensetes s s sesesasassesans 5
1.3. THE PROPERTIES OF ACTIVATED CARBON: ...ccveetetrueetssesessssessssssessssssesssssssssssesssssssssssssessssssnens 6
1.3.1. DIFFERENT FORMS OF ACTIVATED CARBON: .......c.cooveuitiertereineetessensesesssesesesessesssssesesesassesens 6
1.3.2. AC POROUS STRUCTURES ......c.cvvuivrreieetereessesesssssesesassesesssesesssssesssssesesssssessssssessssssessssassesans 8
II. NANOTECHNOLOGY AND THE ENVIRONMENT : ....covteetereessssesessssessesssesssssssssssessssssssssssesssssenens 9
IL1. METAL NANOPARTICLES: .......cvcvviuevieieetessessesesssssesesassesesessesesssssesssssesesssssessssssessssssessssassesans 9
I1.2. USES OF NANOTECHNOLOGY: ......cocveviuiuireriaesessssesesesessesessssesesessssesssssesessssssesssessesssassesessanes 10
I1.3. SOME APPLICATIONS OF NANOTECHNOLOGY BY TYPE OF NANOPARTICLE: .............cc.co.n.... 10
I1.4. SYNTHESES OF NANOPARTICLES: .........oouevvuiuetetiestesessessessessesesesassesesessesesssssessssssesesassesessanes 11
IL.5. ACTIVATED CARBON-METAL OXIDE NANOPARTICLES: ........cocveviuevereeecueresnessessessesesssesesesanes 12
I1.6. NANOPARTICLES OF ZINO: ......ovvuiuviiiaetesseesesesssesesesessesesesseseses s s sasaesesssssesssassesasassssessanes 12
I11. GENERAL INFORMATION ON THE PHENOMENON OF ADSORPTION: ...cveeetrueeressessssssesessesnnsens 14
TEL 1. DEFINITION: ....coviiuiutiececteteceeete s s ssesae st esse s sesse st s essesesssses s sses et sesaesessnsesesseesesasassesesnanes 14
II1.2. THE DIFFERENT TYPES OF ADSORPTIONS: ........cooouevieieerereiectesesesessessessesesessesessessesssssssesesanes 15
ITL.3. ADSORPTION MECHANISM: .......oouivriieiuesiesaesessssesesessssesessssesesssssesssessesesssssesssssesssassssesssanes 15
ITL4. ADSORPTION MODELS: ......ououvivuiucuetiaiaesesseesesesssesesesessesessssesesssssessassesesssssessessessssssssesasanes 16
CHAPTER IL:......cceiiiiiienuenneeeesiiieennnnnssaesseeeeenmmnsssssssseerennnnsssssssssesesnnnssssssssssssssnnnnsssssssssnsssnnnnnnsas 18
EXPERIMENTAL STUDY ....cccccuuucieeeiiiiieenmnnnsseeeeeeeeenmmsssssseeseeeennnnsssssssseesesnnnsssssssssessesnnnssssssssens 18
IL.1. PREPARATION OF NANOCOMPOSITE AC-ZNO: ...cucevrueeerrreresresssssessssesssssssssssssessssssssssssssssens 19
Lo AC-MERCK: ..ottt esae et s st ae et et s st s s st s e s e s s s s et e s s st e s sasae s s s aesessassesas 19
2. PROCEDURE 1 (P1): ..ottt ettt s ae st s s s st s sansesenas 19
3. PROCEDURE 2 (P2):....oouieiiiiieiecieieeeeeteeeeae ettt sa et se s sae s s s st as st snanae 20
I1.2. PREPARATION OF THE ADSORBENTS: ...ceveeetiueertrseseesssesssssssssssessssssessssssessssnsssssensessssssssessnssns 20
I1.3. CHARACTERIZATION METHODS: ...ceueeteteertesessssssessesssesssssssssssessssssessssssessssssssssenssssssssssssssns 20
IL.3.1. IODINE NUMBER: .......ooouotitiaieeteieceesesssaesesesessesesassesesesassesesssse s s sassessssaesesssssessessesssassesesasanes 21
I1.3.2. DETERMINATION OF THE METHYLENE BLUE VALUE AND ACCESSIBLE SURFACE: ............. 23
T1.3.2.1. DEFINITION: w.uveveteteueessesestssesssssessssssessessssssssenssssenssssssnsesenssssssnsssesesssssnsnsssensesssssssssssns 23
T1.3.2.2. PRINCIPLE:...cueuesteteuesssseesesseessssesssssessessssssssenssssessssesssesenssssensssesessssnssssensesssssssessnssns 23
I1.3.2.3. PREPARATION OF SOLUTIONS: «eveteteueeteseesessessesssessssssssssessssssessssssesssssnsssssessssssssssssssns 23

T1.3.3. BOEHM TITRATION: ....ociiiiiiiiiteiiieeniteeeniteesitteesteeesssseesseeesssseessssessssseesssseessssessssseessssessssseesnns 25



TL1.3.3.1. DEFINITION: tiiiiiiiiiiiiiiinnnnesssesnnnesssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 25

I1.3.3.2. PROCEDURE: ..cccitiiiiiiiiinninninnninnesssssssssnsssmsssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 26
11.3.4. DETERMINATION OF POINT OF ZERO CHARGE PH (PHPzC): . ooivveeiiieeiiieeeiiee e 26
TL1.3.4.1. DEFINITION: tiiiiiiiiiiiiiiinnnneeinensnseissessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 26
T1.3.4.2. PROCEDURE: ..cceittiiiiiiinnnnneinnninnesssssnsssssssmsssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 26
TL.3.5. FTIR ANALYSE: ..oititiiiiiitiiiiiti ettt s st a st sh s sbeea s sanena s 27
TL.3.5.1. DEFINITION: tiiitiiiiiiieiiininneennensssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 27
11.4. ADSORPTION TEST ON METHYLENE BLUE: ......cccoiittiiiitiniiieeinieesnireesnieeessieeessssesssssesssssessssseesns 27
CHAPTER TII: ..ooiiiiiinneiiiisneeiiissnneiiessnneeiesssnsesssssnsensessnneeiesssneesssssnsesssssnseesssssseesssssnsessssssnessssansens 28
RESULTS AND DISCUSSION ...uuuttiiessneeiesssnneisessneenessonseresssnnensesssnsesesssnsersssssnensesssnsessssansesssssns 28
TIL 1. AC-ZINO MASS LOSS: titiiiieiiieninniinneinsesissnssssmsssissssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 29
IIL1.2. SPECIFIC SURFACE AREA:....ccitttiiiiiiniiiniiinniinniinsimmsiisssmssssssssssssssssssssssssssssssssssssssssssssssssssssssss 29
TIL.2.1. IODINE NUMBERG:.......cccoiittiititeiitieenitteeeniteesitteesssteesssseesseeesssseesssseessssesssssesssssessnssesssssesssssessnns 29
II1.2.2. BOEHM TITRATION: tiiiiiitiiiiiieeineennssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssas 31
TL2.3. FTIR ANALYSE: tiiiiiiiiiiiiiiiiiiinneiineinneiiseiisssisssisssisssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssas 32
1I1.2.4. ZERO POINT CHARGE PH: ...ccoiiiiiiiiiiiiiiiiiiiiiiiniiisiiiiiiississsssssssssissssssssssssssssssssssssssssssssssssssas 33
II1.2.5. BLEU METHYLENE VALUE:...ciitttiittiiitiiseiinsiinssnsssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssss 35
II1.2.6. ADSORPTION TEST ON METHYLENE BLUE: .ieeiiitiiieiinserssessnssssssssssssssssssssssssssssssssssssssssssssas 37

GENERAL CONCLUSION ..ciiciottttiesnteeiesssnaenssssnnerssssnneesssssnsesssssnserssssnneesssssssesssssnsesssssssessssanses 41




General introduction

Nanotechnology is an applied science that focuses on designing, creating,
characterization, and applying nanoscale materials and devices. It involves investigating
nanoscale phenomena and handling materials, displaying novel properties due to their size and
structure. Nanotechnology's unique feature is the increased surface area to volume ratio,

presenting new opportunities for surface-based sciences in many nanoscale materials.

Nanoparticles or nanomaterials are particles with sizes ranging from 1 to 100
nanometers, which exhibit unique physical, chemical, and mechanical properties due to their
large surface area and quantum effects. They have been used to modify the surface of activated

carbon to improve its adsorption properties, selectivity, and reactivity.

Activated carbon is a versatile adsorbent material used in various industrial and
environmental applications, mainly due to its high porosity and large surface area. However,
the efficiency of activated carbon can be further improved by modifying its surface properties

through various methods such as chemical, physical, and biological modifications.

The modification of activated carbon by nanoparticles includes the use of various types
of nanoparticles such as metal, metal oxide, carbon-based, and ceramic nanoparticles. These
nanoparticles can be coated onto the surface of activated carbon using various techniques such

as sol-gel, electrostatic adsorption, and chemical synthesis.

One of the necessary nanomaterials for the environment is the oxide of zinc. Zinc oxide
is one of the richest structures that have many advantages. So ZnO has many applications in
the different studies of research (Ni and al. 2005; Chen and al. 2007; Salavati-Niasari and al.
2009). Many methods have been used for synthesizing the ZnO such as the soft chemical
method (Vay-series 2003), sol-gel process (Zhang et al. 2003), vapor phase growth (Sun and
al. 2004), vapor-liquid—solid process (Gao and Wang 2004), electrophoretic deposition (Liu
and al. 2003; Illy and al. 2005), thermal evaporation (Umar and Hahn 2006), homogeneous



precipitation (Liu and al. 2007), chemical vapor deposition (Okazaki and al. 2011), chemical
bath deposition (Yuliarto and al. 2015), etc. [01].

The characterization of nanoparticle-modified activated carbon includes several
techniques such as scanning electron microscopy, transmission electron microscopy, X-ray
diffraction, Fourier transform, infrared spectroscopy, and thermogravimetric analysis. These
techniques allow the study of the morphology, crystal structure, chemical composition, and

thermal stability of the modified activated carbon.

In the present work, zinc oxide nanoparticles (ZnO-NP) were fixed onto AC (Merck)

to enhance its sorption capacity.

This thesis consists of three chapters:

In the first chapter, we will briefly present the activated carbons, and see these
manufacturing methods and their main characteristics. We will also discuss the effects of
nanotechnology on the environment as well as the procedures utilized to create nanoparticles
and their applications. Mention one of the necessary nanoparticles which is the oxide of zinc
and its characteristics (structural, electronic, optical, chemical, and catalytic properties).
Finally, the phenomenon of adsorption is the principal physical reaction involved in the solid-
liquid equilibrium without chemical reaction. We explain the different adsorption models that

we used in the interpretation of our results.

The second chapter introduces the various characterization techniques, including the
iodine index for measuring microporosity, the methylene blue index for measuring
mesoporosity, and the Boehm titration, IRTF analysis, and pHPCZ, the chemical
characterization of the coal surface is evaluated to determine the functional groups that are
present. Attention is also given to the application of methylene blue adsorption of the activated
carbon. We'll go also over the procedures and the synthesis of the two given protocols.

The experimental findings and their interpretation are covered in the third and final

chapter.
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CHAPTER I: BIBLIOGRAPHIC STUDY

I. Activated carbon:

I.1. Definition:

Activated carbon is an inert porous carbon that has been treated to increase its surface
area. It thus has a very large specific surface area that can range from 500 to 2000 m?. g"* hence

its high adsorption capacity.

The structure of activated carbon is close to that of graphite, ordered in the form of a

stack of flat successive layers of carbon atoms arranged in regular hexagons.

Activated carbon is a non-specific adsorbent with a well-developed porous structure

formed, as shown in Figure.01

Figure 01. structure of activated carbon seen under an electron microscope.
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1.2. Production of activated carbon:

Activated carbon. The diagram below very briefly presents the two major production

steps of this adsorbent (Figure.02)

Raw materials

« Y

Physical activation chemical activation

Mixture of precursor and
activating agent
Carbonisation (H;PO,/KOH/NaOH)

(600-900 °C, N,/Ar)

Carbonisation
(450-900°C, N2)

Activation (600-1200°C, CO,/H,0) . .
- Washing, drying and
grinding

l Activated Carbon

Figure 02. schematic process diagram of activated carbon production.
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I.2.1. Carbonization:

Agricultural production residues must undergo additional processing to transform the
organic matter into graphite. This is done using a “carbonization” step. Carbonization is the
thermal decomposition of carbonaceous organic matter under a vacuum or an inert atmosphere
in which a sample is subjected to high temperatures between 400 and 800°C to obtain an
amorphous carbon-rich solid. The carbonization is generally carried out at a temperature rise
rate high enough to minimize contact between the carbonized products and the volatile
products. Finally, carbonization is a process during which the starting materials will be

modified as follows:

- Enrichment of carbon and loss of volatile compounds; during this stage, the
heteroatoms (oxygen and hydrogen) are eliminated and the material becomes richer in

carbon.
- Development of internal porosity or space, resulting from the loss of volatiles.

- Gradual cross-association of the carbon-enriched material and in this way create a

rigid solid.

The goal of pyrolysis is to obtain a highly carbonaceous “charred” product, with a
rudimentary microporosity which can then be developed in the activation process, in this way

the char becomes an “activated carbon”.

* Chemical and physicochemical transformations during pyrolysis (thermal

decomposition of plant materials:

Was shown by Tang and Bacon that cellulose, hemicellulose, and lignin undergo
thermal decomposition within a well-defined temperature range. With the use of techniques
such as absorption spectroscopy, X-ray diffraction (RX), thermogravimetric analysis, the study
of the evolution of gases during thermal decomposition as well as the study of physical
properties, these authors postulated a mechanism for the conversion of cellulose into carbon.

This mechanism consists of four successive steps:

(a), desorption of adsorbed water from 150°C; (b), the loss of structural water from cellulose
between 150 and 300°C; (¢), chain breaking or depolymerization, and breaking of C-O and C-
C bonds between 240 and 400°C; and finally, (d), aromatization from 400°C, which results in
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the formation of graphite-type layers. Tang and Bacon simplified the mechanism and still
worked with fairly gentle heating rates. However, we can admit that the thermal decomposition
of plants is the result of the separate decomposition of each of its components. This process
can therefore be followed by three main stages: thermal decomposition of hemicellulose
between 200 and 260°C, followed by that of cellulose between 240 and 350°C, and finally the
degradation of lignin between 280 and 500°C [02].

I.2.2. Activation:

Simple carbonization does not lead to products with a high adsorption capacity because
it gives products with a limited porous structure (specific surface of about 10 m? /g). So
untreated carbon does not have particularly interesting adsorbent properties. On the other hand,
if it undergoes an appropriate treatment, the modifications of the physics and the chemistry of
the surface give it new characteristics, the term "activated carbon" then takes on its full

meaning.

The porous structure is extended during the activation process, which is the second step
and whose goal is to increase the volume of the pores. Activation consists in developing the
porous structure by eliminating the tars which obstruct the pores (release of the cavities filled
with tar during carbonization) and creating surface functions (generally oxidized) which are at
the origin of the interactions between the solid and the adsorbed molecules. The product that
will result is a product with a set of parameters at the level of its texture (specific surface and
porosity) and also at the level of the functional groups (types of organic functions present on
the surface). They are essential in the adsorption process. Activation removes disorganized
carbon structures. The internal structure of the compound thus obtained is made up of a random
assembly of graphite-type "crystallites" [03]. The space between these units constitutes the

microporosity of the activated carbon. Two activation pathways are commonly used:

a) Physical activation: Consists of thermal oxidation of the coal obtained (carbonized)
at high temperature (750 to 1000°C) for 24 to 72 hours in the presence of a weakly
oxidizing gas such as water vapor, CO, [04], the air or mixtures of these gases injected
under pressure (controlled oxidation process), which will give rise to the microporosity,
makes it possible to develop the existing pores and to create others, increasing in a very

significant way its specific surface and its adsorption power.
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b) Chemical activation: Carbonization and activation can take place simultaneously,
and are carried out at temperatures below 700°C, through the thermal decomposition of
the raw material impregnated with activating chemical agents such as H3PO4, ZnCl,,
and KOH..., these chemical agents catalytically promote dehydration. These activation
treatments aim to develop and modulate the porous structure of the carbon and lead to

a very strong increase in its specific surface.

I.3. The properties of activated carbon:

1.3.1. Different forms of activated carbon:

Activated carbon is generally available in two forms: powder-activated carbon and
granulated activated carbon [05]:

* Powdered activated carbon (PAC):

Powdered activated carbon or PAC takes the form of grains, 95-100% of these particles
will pass through a sieve of a given mesh size. For example, the ASTM D5158 standard

classifies particles with a diameter less than or equal to 0.177 mm as CAP.

Figure 03. powdered activated carbon.

It is used in combination with a clarification treatment, added continuously with the water to
be treated with flocculants. It is recommended to use clarifiers to increase the contact time
between carbon and water. The dose of ozone required for inter-oxidation is then reduced. The

main consequence is that the number of ozonation by-products decreases.

- Advantages of the PCA:
a- Powdered activated carbon is 2 to 3 times cheaper than granular activated carbon.

b- Additional quantities can be added in the event of accidental or temporary pollution peaks.
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¢- Adsorption is rapid insofar as a large part of the contact surface is directly available.

- Disadvantages of the PAC:
a- Powdered activated carbon cannot be regenerated when mixed with hydroxide sludge.
b- It is difficult to remove the last traces of impurities without adding a very large quantity of
powdered activated carbon.

¢- The detection of pollution peaks is problematic and its applicable concentration is limited.
* Granulated Activated Carbon (GAC):

GAC can be either in granular or extruded form and is represented by sizes such as
8x20, 20x40, or 8x30 for liquid phase applications and 4x6, 4x8 or 4x10 for vapor phase
applications. For example, a 20x40 coal is made up of particles passing through a standard

American No. 20 mesh (0.84 mm) but retained by a No. 40 mesh (0.42 mm) [06].

Figure 04. granulated activated carbon.

Granulated activated carbon is used in different types in the water treatment system
for the reduction of residual chlorinated oxidants and very low removal of certain disinfection
by-products such as bromates and chlorates and also used to remove turbidity and to dissolve
organic compounds, odor, stains, and dyes. Granulated activated carbon treatment is
recognized as the most effective process against tastes and odors. This low molecular weight
compound promotes extended life. It is used for the removal of organic micropollutants and
organic matter in the form of dissolved carbon. It is used in filtration for finishing treatments
because it improves many parameters related to natural organic matter (NOM): color, taste,
smell, and disinfectant demand. In addition, its use in biological filtration makes it possible to
obtain biodegradable organic carbon (BOC) removal efficiencies of up to 80 % at 18 °C, but
not exceeding 30 % at 8 °C.
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- Advantages of GAC:

a- The life of granulated activated carbon depends on the reduction of organic matter and the
smoothing of pesticide points. The choice of the type of activated carbon is also decisive in the

efficiency of the elimination.

b- Granulated activated carbon can adsorb some or almost all vapors.

c- It has a high adsorption capacity for organic substances, especially solvents.
d- It retains a large number of chemical substances at the same time.

e- [t works well in a wide range of temperatures and humidity.

f- It is inert and can be used safely.

g- It is readily available and inexpensive.

- Disadvantage of the GAC:

a- Limited lifespan.

b- Prefiltration: Dissolved fuels and particulate matter can quickly foul the carbon, requiring
pretreatment in most cases.

¢- Cost: The need to regularly replace spent carbon makes granulated activated carbon more
expensive than stripping for high concentrations of contaminants.

d- Hazardous waste: all the coal must eventually be discarded since it can only be regenerated
a certain number of times, or not at all in the case of the adsorption of metals or explosive
residues. Depending on the characteristics of spent coal, it may be disposed of as hazardous

waste, increasing cost and liability.

1.3.2. AC porous structure:

The pores are classified according to their diameter, in three types of porosity,

according to the definition of the [IUPAC.

Typical ranges are given in Table 01 but by special procedures, it is possible to prepare
activated carbons with even higher porosity, surface area, and adsorptive capacity (ASTTE,

2006): [07]
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Table 01. Different types of pores sizes of typically activated carbons (ASTEE, 2006).

Diameter Pore volume Surface area
(nm) (em®/g) (m*/g)
Macropores > 50 0.20 - 0.80 0.5-2
Mesopores 2-50 0.02 20-70
Micropores <2 0.10 600 -1900

The specific surface depends directly on the porosity: the greater the microporosity,
the greater the specific surface. Adsorption on the surface of macropores is often negligible

compared to that in micropores and mesopores.

I1. Nanotechnology and the Environment:

I1.1. Metal Nanoparticles:

Nanotechnology mentions to the subdivision of science and engineering keen to
materials. Nanoscience is the study of the phenomena at 1-100 nm particle size and
nanomaterials are those which have structured components with at least one dimension less
than 100 nm. Nanomaterials derived from nanoparticles Since the past decade nanoparticles
have grown as a separate class of materials. Due to the high conductivity of metal nanoparticles,
it has received great scientific interest as compared to metal oxide nanoparticles. Metal
nanoparticles do not represent a metal-metal chemical bond and are defined as isolated particles
between 1-100 nm in size. Metal nanoparticles (NPs) have extraordinarily different properties
as compared to their bulk metal which mostly contains a degenerated density of energy states
and a large surface-to-volume ratio along with the sizes in the nanometer scale. Therefore, they
show high chemical activity and specificity as compared to bulk metals so they are attractive
to use as catalysts. The high surface-to-volume ratio along with size effects (quantum effects)
gives metal nanoparticles distinctively different properties (chemical, electronic, optical,
magnetic, and mechanical) from those of bulk metal. Researchers have achieved considerable

attention in nanomaterials because of their unique properties and various applications in

9
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different areas. In the past two decades, nanoparticles exhibit many fascinating applications in
a wide variety of fields including conductors, electronics, sensors, photovoltaic devices, drug
delivery, catalysis fuel cells, light-emitting diodes, industrial lithography, quantum dots,
quantum wires, quantum devices optical and biological devices, etc. Due to their unique
properties, which vary from molecular or bulk materials [08]. Incredible properties of
nanoparticles intensely depend on the distinct shape and diminutive size of nanoparticles,
surrounding media, and their fabrication method. So, scientists take an interest in targeting the
fabrication of metal nanoparticles. Different shapes and sizes of metal nanoparticles allow for

exploring their applications in fields including catalysis, electronics, sensor, and optical device.

I1.2. Uses of Nanotechnology:

Is revolutionizing many technology and industry sectors, such as information
technology, homeland security, medicine, transportation, energy, food safety, and
environmental science. It can tailor the structures of materials at extremely small scales to
achieve specific properties, making them stronger, lighter, more durable, more reactive, more
sieve-like, or better electrical conductors. Nanoscale additives to or surface treatments of
fabrics can provide lightweight ballistic energy deflection, and clear nanoscale films on
eyeglasses, computer and camera displays, windows, and other surfaces can make. They are
water- and residue-repellent, antireflective, self-cleaning, resistant to ultraviolet or infrared
light, antifog, antimicrobial, scratch-resistant, or electrically conductive. Nanoscale additives
in polymer composite materials are being used in baseball bats, tennis rackets, bicycles,
motorcycle helmets, automobile parts, luggage, and power tool housings. Carbon nanotube
sheets are being produced for use in next-generation air vehicles. Nanoparticles are used in
catalysis to boost chemical reactions, saving money and reducing pollutants. Nano-engineered
materials make superior household products such as degreasers and stain removers,
environmental sensors, air purifiers, filters, antibacterial cleansers, and specialized paints and

sealing products.

I1.3. Some applications of nanotechnology by type of nanoparticle:
1. Metal nanoparticles: They can be used in electronics and optical devices like sensors

and displays. They can also be used in drug delivery systems to enhance the

effectiveness of drugs and reduce their side effects.

10



CHAPTER I: BIBLIOGRAPHIC STUDY

2. Magnetic nanoparticles: They can be used in biomedicine for targeted drug delivery,
magnetic resonance imaging (MRI), and cancer treatment.

3. Carbon nanoparticles: They can be used in electronics, particularly in the
manufacturing of semiconductors and batteries. Carbon nanoparticles can also be used
in drug delivery systems and as antibacterial agents.

4. Semiconductor nanoparticles: Also known as quantum dots, they are used in light-
emitting diodes (LEDs), solar cells, and displays.

5. Polymeric nanoparticles: They are often used in drug delivery systems, with their
size and shape being tailored to optimize drug efficacy and minimize potential negative
effects. Overall, nanoparticles have many diverse and exciting applications in fields

such as electronics, medicine, and energy.

I1.4. Syntheses of nanoparticles:

There are several methods for producing nanoparticles:
1. Chemical methods: Chemical methods involve the use of chemical reactions to produce
nanoparticles. For example, a chemical reduction reaction can be used to produce metal
nanoparticles.

2. Physical methods: Physical methods involve changing the physical properties of a material
to produce nanoparticles. For example, attrition involves the use of milling equipment to create
nanoparticles.

3. Biological methods: Biological methods use living organisms to produce nanoparticles.
For example, some bacteria are capable of producing nanoparticles.

4. Bottom-up synthesis: This method involves assembling individual atoms or molecules to
create nanoparticles.

5. Top-down synthesis: This method involves breaking down larger materials to produce
nanoparticles, such as using lithography to carve out small portions of a material.

6. Sol-gel method: Sol-gel method is used to make ceramics and glasses and involves the
conversion of a liquid (sol) into a solid (gel).

Nanoparticles can be created by adjusting the concentration of the sol or the processing
conditions. There are many other methods for producing nanoparticles, each with its
advantages and disadvantages. The choice of method often depends on the desired size, shape,

and properties of the nanoparticles that are required for a specific application.

11
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IL.5. Activated carbon-metal oxide nanoparticles:

Activated carbon metal oxide nanoparticles (AC-MONPs) are composite materials
consisting of activated carbon, metal oxide, and nanoparticles. These materials have received
considerable attention recently in various applications, including environmental remediation,
catalysis, energy storage, and drug delivery systems. Activated carbon provides a high surface
area and porosity, which increase the adsorption and catalytic activity of the composite
material. Metal oxides, such as titanium dioxide, aluminum oxide, and zirconium oxide,
provide desirable properties such as thermal stability, electronic conductivity, and specific
functionalities important for various applications. Nanoparticles such as silver, gold, and iron
oxide, can also be introduced to the AC-MONP composite to provide additional characteristics
such as antimicrobial activity, plasmonic properties, and magnetic properties. The synergistic
combination of activated carbon, metal oxides, and nanoparticles in AC-MONP composites
provides unique properties in various applications. For example, in environmental remediation,
AC-MONP composites can remove heavy metals, dyes, and organic pollutants from water. In
catalysis, they can enhance catalytic activity and selectivity. In energy storage applications,
they can increase capacitance, and as drug delivery systems, they provide adsorption
selectivity. Overall, AC-MONP composites represent a promising material with a broad range
of potential applications. However, further research is needed to optimize their synthesis,

structure, and properties for the targeted end-users and applications.

I1.6. Nanoparticles of ZnO:

ZnO nanoparticles are a unique semiconductor with a 3.37 eV gap between valence and
conduction bands. They have potential applications in electronics, optoelectronics, catalysis,
and biomedicine. These nanomaterials exhibit high stability, and surface area-to-volume ratio,
and can be easily synthesized in various sizes and shapes. They are used in solar cells,
biosensors, displays, catalysis, and drug delivery systems. Further research is needed to
understand the toxicology and biocompatibility of ZnO nanoparticles to maximize benefits

while minimizing potential hazards.

I1.6.1. Properties of ZnO:

a. Structural properties:
Zinc oxide crystallizes in three different crystalline forms: the hexagonal Wurtzite

structure (Phase B4), the blende structure (Phase B3), and the Rocksalt structure (Phase B1).

12
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At room temperature and pressure, ZnO crystallizes following a Wurtzite structure with a
hexagonal lattice following the space group P63mc [09]. The unit cell parameters are a =
0.32496 nm, ¢ = 0.52042 nm, and = 120°. Each zinc atom is surrounded by four oxygen atoms

and vice versa [10].

Figure 0S. crystallin structure of ZnO (WURTZITE).

b. electronic properties:

We recall that the electronic band structures of oxygen and zinc are: O: 1s? 2s? 2p* Zn:
1s? 2s? 2p% 3s? 3p®3d!° 4s2. When Zn and O bind in the material they form a semiconductor.
The band gap width for ZnO (energy difference between the minimum of the ZnO band
conduction and the valence band maximum) is 3.37 eV at room temperature. This value varies
with temperature. When foreign atoms are introduced, they can occupy the sites of Zn or O
atoms or become interstitial (between two atoms of the network). Similarly, without doping,
excess Zn atoms can also move into interstitial positions (ZnO). In the ZnO network, there are
also vacant (unoccupied) places of oxygen. These imperfections are called "structural defects".
Their energies are always located in the forbidden band. Doping or intrinsic defects play a very
important role in the characteristics of the semiconductor. They can considerably modify their
properties to obtain materials with adjusted parameters for particular applications by simply
modifying the characteristics of the dopant (type, nature, temperature, concentration, doping
technique, etc.) [11]. ZnO exhibits a natural n-type electrical conductivity which is due to the
presence of interstitial zinc atoms [12].

¢. Optical properties and luminescence:

13
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Zinc oxide is a transparent material with a refractive index of 2, and its absorption
coefficient varies depending on the conditions of elaboration. Its photoluminescence (PL)
spectrum is characterized by the high energy of the first and second exciton, comparable to
ambient thermal agitation of 26 meV.

d. Chemical and catalytic properties:

Zinc oxide is a catalyst due to its crystal lattice and semi-conductor properties. It is used
as a trap and chemical gas sensor and can act as a photochemical catalyst for reactions such as
oxidation of oxygen to ozone, oxidation of ammonia to nitrate, reduction of methylene blue,

synthesis of hydrogen peroxide, and oxidation of phenols.
II1. General information on the phenomenon of adsorption:

II1.1. Definition:

A change in concentration at the interface of two immiscible phases is one of the
physical and chemical effects of adsorption. As a result of several more or less intense
processes, gas or liquid molecules adhere to the solid surfaces of adsorbents in this
phenomenon Figure 06.

The chemical that adsorbs is known as "adsorbate," and the solid that it adsorbs is
known as "adsorbing." A substance's ability to bind to the surface of a solid depends mostly on
the latter's structural and textural characteristics, particularly the quantity and shape of its pores
and the nature of its surface functions. The process by which the adsorbed molecules or atoms

separate from the substrate is known as desorption.

3 1 Phase Liquide

2 2 Film Liquide Externe

3 Diffusion
Intraparticulaire

AL Df ‘-:'—i' 4 Adsorption
e e

Figure 06. The process of adsorption.
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I11.2. The different types of adsorptions:
I11.2.1. Physical adsorption or physisorption:

Physisorption is a phenomenon in which Van Der Waals forces (an electrostatic bond)
are primarily responsible for the adsorbate molecules' adhesion to the adsorbent surface. It
takes place without causing any changes to the chemical structure and is completely reversible
(the adsorbed molecules can be removed with ease by lowering the pressure or raising the
temperature). Physical adsorption is a quick process that includes only weak intermolecular
interactions between adjacent particles. Physisorption, in contrast to chemisorption, is an
unpredictable event. specific factors causing the development of multilayers: The first layer
results from adsorbate/adsorbent interactions, whereas the subsequent layers are related to

adsorbate/adsorbate interactions.

I11.2.2. Chemical adsorption or chemisorption:

It comes about as a result of a chemical reaction between the adsorbent molecules that
make up the surface. both solid and liquid molecules. These chemically-based attraction forces
result in an electron transfer or pooling, which destroys the individuality of the molecules and
the development of a chemical compound on the adsorbent's surface. This adsorption guy forms

at high temperatures and activates a high energy of transformation.

I11.3. Adsorption mechanism:

Adsorption results globally in the reduction of the concentration of one or more liquid
phase elements; it is also the result of the succession of several stages of intermediaries. For
the adsorbate to complete its journey fixed to an adsorbent site, it must have passed at least
four stages listed as follows:

1. Adsorbate diffusion from the exterior liquid phase to the region around the adsorbent
surface.

2. Diffusion of materials outside of grains (transfer of solute through the liquid film to
grain surface).

3. Intragranular matter transfer is the movement of the material inside the porous structure
of the seeds from their outer surface to the active areas.

4. Once the adsorption reaction comes into contact with the active sites, the molecule is

regarded as stationary.

15
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I11.4. Adsorption Models:
I11.4.1. The Freundlich model:

Freundlich isotherm applies to adsorption processes that occur on heterogonous
surfaces [15]. This isotherm gives an expression That defines the surface heterogeneity and the

exponential distribution of active sites and their energies.

The linear form of the Freundlich isotherm is as follows [13]:

logq. = logKy +%log Cel venvnnnne Q)]
where ge is the equilibrium sorption concentration of solute per gram of adsorbent (mg
g'1); Ce is the equilibrium aqueous concentration of the solute (m g L'"); Krand n are Freundlich
constants which are related to the adsorption capacity and the intensity of adsorption. A value

of n between 2 and 10 shows good adsorption [14].

I11.4.2. The Langmuir model:

Langmuir adsorption which was primarily designed to describe gas-solid phase
adsorption is also used to quantify and contrast the adsorptive capacity of various adsorbents
[15]. Langmuir isotherm accounts for surface coverage by balancing the relative rates of
adsorption and desorption (dynamic equilibrium). Adsorption is proportional to the fraction
of the surface of the adsorbent that is open while desorption is proportional to the fraction of
the adsorbent surface that is covered [16].

The Langmuir equation can be written in the following linear form [17]:

Ce 1 C.

=+ . )

e qmke dm

where q m and K 1. represented the maximum adsorption capacity and the Langmuir
constant, respectively. The essential characteristics of a Langmuir isotherm can be expressed

in terms of dimensionless constant separation factor Ry defined as (3) [18]:
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where Co is the initial concentration. Ry values indicate the adsorption to be
unfavorable when Ry, > 1, linear when Ry =1, favorable when 0 <Ry <1, and irreversible when
Rr=0.
I1.4.3. The Temkin model:

This isotherm contains a factor that explicitly takes into account adsorbent-adsorbate

interactions. The Temkin isotherm can be expressed by the following equation 4 [19]:

qe=%anT+%lnCe’ ........... ()

where R T/b=b (J mol '), which is the Temkin ¢ constant related to the heat of
sorption whereas A (L g!) is the equilibrium binding constant corresponding to the
maximum binding energy. R (8.31 4 J mol ! K'!) is the universal gas constant and T (K) is

the absolute solution temperature.
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I1.1. Preparation of Nanocomposite AC-ZnO:
1. AC-Merck:

Merck is a well-known company that produces a wide range of chemicals and laboratory
equipment. While Merck does not manufacture activated carbon, they do sell powdered
activated carbon that can be used for various laboratory applications. Merck offers a range of
activated charcoal powders that vary in purity, particle size, and other characteristics. Some

examples of activated charcoal powders sold by Merck are:

e Powdered activated carbon, Norit (R) USP, for medicinal and analytical applications.

e Powdered activated carbon, analytical grade, suitable for research and development

purposes.

e Powdered activated carbon, decolorizing, for use in analytical and research

applications.

e Powdered activated carbon, high activity, for decolorization and purification

applications.

It is important to note that, as with any chemical or laboratory reagent, appropriate safety
measures must be taken to handle Powdered activated carbon. Always follow the
manufacturer's instructions and appropriate safety protocols when using and storing Powdered
activated carbon, and consult with a trained professional if you are not familiar with the proper

handling and use of this material.

2. Procedure 1 (P1):

e A solution of ammonium carbonate (NH4).CO3 was added vigorously with 10g of AC
(Merck) and Zinc sulfate-7-hydrate (ZnSO4-7-H>0) solution was combined drop by
drop to the mixture, we noticed that a white precipitate was formed on the activated
carbon;

e The nanoparticles began to form immediately within 2 min like a white colloidal
precipitate turning grey as a result of a homogeneous mixture with black;

e The reaction was allowed to age for 3 hours which grey particles of paste is formed;

e We filter the loaded ZnO-AC using a Whatman filter paper;

e We dry the rinsed nanocomposite in a hot air oven at 105 °C for One night and then

calcined it in a furnace for 4 hours at 550 °C;
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e We rinse the nanocomposite three times with lukewarm water until the pH was neutral
and we let it dry in a hot air oven;

e We cool the composite and store it in an airtight container.

3. Procedure 2 (P2):

e  We combine 100 ml of Zinc sulfate-7-hydrate (ZnSOs-7-H>0O) and 100 ml of Carbonate
ammonium (NH4),COs in a beaker, and a white precipitate was formed;

e After that, we add 10 g of AC-Merck;

e The reaction was agitated for 3 hours;

e We filter the loaded ZnO-AC using a Whatman filter paper and let it age for one night;

e We dry the nanocomposite in a hot air oven at 105°C for one night and then calcined it
in the furnace for 4h at 700 °C;

e We rinse the calcined nanocomposite repeatedly three times with lukewarm water;

e We let it anhydrous in a hot air oven for one night.
I1.2. Preparation of the adsorbent:

The material was washed with refined water and oven-dried for one night with
a loss of mass (for P1 is almost 3 grams, and for P2 is 4 g). At that point, all the AC is ground

and sieved to get a last grain estimate of 50 um.

I1.3. Characterization methods:
The fitting characterization strategies are:

e The assurance of the iodine number for microporosity.

e The assurance of the methylene blue index for mesoporosity.

e The IR strategy for functional groups.

e Boehm's method for the assurance of acid-base groups on the surface of activated
carbon.

e The pH of Zero of point Charge (pHz.).
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I1.3.1. Iodine number:

I1.3.1.1. Definition:

The iodine number gives a sign of the microporosity of the carbon. Usually, the number of
milligrams of iodine adsorbed per gram of adsorbent at a leftover concentration of 0.02 N [20].

I1.3.1.2 Iodometric method:

Iodometry concerns the response with a standard arrangement of iodine. It is related

to iodine titration discharged in chemical responses:
L+2e —» 21T

Examination by iodometry is based on oxidation-reduction marvels, on the off chance
that free iodine is included in an arrangement of sodium thiosulfate (reducer), the taking-

after response happens (25):

290 7+1;, — 5 21 +84067%

I1.3.1.3. Preparation of solutions:

» To prepare a standard Iodine Solution (I2) 0.1N, Weigh 12,69g of iodine and 27g of

potassium iodide (KI) into a beaker. Mix the dry iodine (I2) and potassium iodide
(KIO3). Add 2 to 5 mL of water to the beaker and stir well. Continue adding small
increments of water (approximately 5 mL each) while stirring until the total volume
s 50 to 60 mL. Allow the solution to stand one night to ensure that all crystals are
thoroughly dissolved. Occasional stirring during this period will aid in the
dissolution. Quantitatively transfer to a 1L volumetric flask and fill to the mark with
distilled water. Store the solution in an amber bottle.

» To prepare a Sodium Thiosulfate solution (Na>S>03) of 0.1N Dissolve 24.82g sodium
thiosulfate (Na2S203.5H,0) in approximately 75mL of freshly boiled distilled water.
Quantitatively transfer the mixture to a 1L volumetric flask and dilute to the mark.
The solution should be stored in an amber bottle.

» To prepare an arrangement of Hydrochloric Acid (HCI) Solution (5 % v/v) we Add
10 ml of concentrated hydrochloric acid (HCI) in a flask of 200 ml and mix well.

21



CHAPTER II: EXPERIMENTAL STUDY

I1.3.1.4. Procedure:

To determine the iodine number of each activated carbon, it is necessary to prepare:

1- A solution of hydrochloric acid with a concentration of 5% (v/v).
2- A 0.1 N 1odine solution.

3- A solution of sodium thiosulfate with a concentration of 0.1 N.

Weigh 0.2g of the sample which has been previously dried at 150°C in the oven for 3 hours,
transfer it to a flask, add 10 mL of HCI, and stir gently until the sample is completely wet, boil
it for 30 seconds, allow it to cool to the room temperature, transpose 100 mL of the iodine
solution into the flask, cap it immediately and shake vigorously for 30 seconds, filter, then
discard the 20 to 30 mL of the filtrate and collect the rest in a beaker.

Pipette 50 cm3 of the filtrate into a clean 250 mL Erlenmeyer flask, titrate with Na;S>0s
until the solution becomes transparent, note the volume V', and finally, calculate the molarity

of the filtrate R from the following equation:

R= °'°°21*" ........... (5)

Calculate the correction factor (D) which is given by the following relation:

D = (%7)0165 ... (6)

Calculate the iodine value using the following relationship:

Iodine value = [1269‘3_(:27’92)]*” .......... (7)

Where: R: the molarity of the filtrate.
D: the correction factor.
V: the volume of sodium thiosulfate (ml).

m: the mass of activated carbon (g).
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I1.3.2. Determination of the methylene blue value and Accessible surface:

e Methylene Blue value:
I1.3.2.1. Definition:

The methylene blue value indicates the adsorption capacity of activated carbon for
molecules having similar dimensions to methylene blue. It is a quick method for comparing

different batches of activated carbon of the same quality.

I1.3.2.2. Principle:

The methylene blue value is defined as the number of milliliters of standard methylene blue

solution decolorized by 0.1 g of activated carbon [21].

11.3.2.3. Preparation of solutions:

To arrange a solution of acetic acid (CH3COOH) (0.25%). Take 2.5mL of fuming acetic
acid in 900ml of distilled water in a 1L flask and dilute to the mark.

To concoct a solution of acetic acid (CH3COOH) (50%), take 253.11ml of fuming acetic

acid in a vial and dilute to the mark.

To prepare a concentration MB solution (1200mg), weigh 1.2g of BM and dissolve in
100mL of acetic acid (50%) and dilute to the mark (1L).

From this MB solution, an intermediate solution of 120mg / L (100mL) is prepared,
And diluted with the acetic acid solution (0.25%).
I1.3.2.4. Procedure:

To determine the MB value of each activated carbon (Merck, P1, P2), it is necessary to prepare:

1- Solution of acetic acid (0.25%).

2- Solution of acetic acid (50%).

3- Concentration MB solution (1200 mg /L).

4- Pipette different concentrations of MB solution (120 mg/L), put them in 100 mL vials,

and dilute with acetic acid (0.25%) up to the mark (1L).
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To determine the MB value, weigh 0.1 g of each activated carbon and introduce 25 ml

of MB solution with a concentration of 1200 mg /L, then stir for 30 min for each carbon.

Calculate the MB index by the following relationship:

Indices MB (mg/g) = 20V (5)

Where: m: mass of AC (g).
V: volume of solution (ml).

e Accessible surface:

The estimation of the specific surface of an adsorbent is conventionally based on
measurements of the adsorption capacity of this adsorbent for a given solute, the molecule

of this solute must have an accessible surface.

In a series of beakers, 0.05 g of commercial activated carbon (Merck) is successively
introduced and AC-ZnO (P1), AC-ZnO (P2) which is brought into contact with 25 mL of
the methylene blue solution of initial concentration Co, the whole is stirred for a contact
time of 2 hours at a temperature of 25 C°. Then the filtrate is analyzed, and the quantity x/m

(mass adsorbed per gram of adsorbent) is determined by the equation next:

__ (Co—Ceq)xV
x/m= 1000 e )

Where: Co: initial concentration of the adsorbate (mg/L).
Ceq: equilibrium concentration of the adsorbate (mg/L).
m: mass of adsorbent (g).
V: volume of adsorbate (mL).

1000: conversion factor.

It suffices for this purpose to determine the value of the adsorption capacity of the

monolayer from the adsorption isotherm (Langmuir model).

For determining the surfaces accessible to methylene blue in (m?/g), we use Langmuir's model

equation in the linear form:

24



CHAPTER II: EXPERIMENTAL STUDY

We can then deduce respectively b from the slope and the ordinate at the origin of the

curves (CiT‘S = f(ceq). The knowledge of b leads to the determination of the surface S by the

relation:

where: b: the maximum adsorption capacity for a monolayer in mg of solute adsorbed

per gram of adsorbent, determined by Langmuir.
N = 6.023x 10>} mol! (Avogadro's number).
S = 119A? area occupied by a molecule of methylene blue.

Mu: molecular mass of methylene blue (319.86 g/mol).
I1.3.3. Boehm titration:

I1.3.3.1. Definition:

The determination of acid-base groups on the surface of activated carbon can be made
using Boehm's method.

The oxygenated functional groups present on the surface of activated carbon are of
different acidity which could be evaluated by titration with strong basic solutions different. A
base of a certain strength only neutralizes acids with pKa higher or equal to that of the base
[22]. The bases used in the Boehm method are the sodium bicarbonate, NaHCO3 (pKa = 6.37);
sodium carbonate, Na,COs3 (pKa = 10.25); sodium hydroxide, NaOH (pKa=15.74); and sodium
ethoxide, NaOC,Hs (pKa = 20.58) [23]. The bicarbonate is supposed to neutralize only the
carboxylic groups, the sodium carbonate; carboxylic groups and lactones, and sodium
hydroxide; the groups phenolics in addition to the last two and finally sodium ethoxide is

supposed to react with all oxygenated species (pKa < 20.58 extremely weak acid).
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I1.3.3.2. Procedure:

A 0.3 mass of commercial activated carbon, AC-ZnO (P1), and AC-ZnO (P2) are put in
a vial contact with 30ml of each base of 0.1 N added stirring is maintained t = 48 hours after
filtration. The amount of base consumed is determined by titrating a known volume of 10ml

filtrate with HC1 0.1 N by adding a color indicator of each base

, meq [Npase— (NgcL-VHcrL(mL)/Vdosed base)].Vpgase
Quantitypase neutralised (_) = AL P (12)
g Msample (9)
Wlth' N base — 0.1 N.
N ua=0.1 N.

V 1el = viitrated 10 mL.
V dosed base = 10 mL.
V pase =30 mL.

M sample = 0.3 g.

The concentrations of each of the oxygenated groups are calculated according to:
GI= N [NaHCO 3] (carboxylic groups)
GII=N [Na: CO 3]- N [NaHCO 3] (lactone groups)
GIII= N[NaOH]- N [Na CO 3] (phenol groups)
GIV=N [NaOC ; H 5]- N[NaOH] (carbonyl groups)
I1.3.4. Determination of point of zero charge pH (pHpzc):

11.3.4.1. Definition:

The point of zero charges (pzc) is the pH at which the surface of a material has no net
electric charge. At this point, the surface has an equal number of positive and negative charges,
resulting in no overall charge. This is important in many fields such as chemistry,
electrochemistry, and surface science as it affects the behavior of the material in various

environments and the interactions with other substances.

11.3.4.2. Procedure:

0.15 g of each activated carbon was added to 50 ml of 0.01 M NaCl solution of pH
ranging from 2 to 12, pH adjusted by the addition of 0.01 M HCI or NaOH solution, were kept

26



CHAPTER II: EXPERIMENTAL STUDY

in constant stirring at room temperature for 48 hours and the final pH was measured. The pHzpc

is the point where the pHsinal = f (initial pH) curve intercepts the first pHrinal bisector = f (initial

pH).

I1.3.5. FTIR analyse:
I1.3.5.1. Definition:

Solid phase IR absorption spectra were recorded with an FT-IR SPECTROMETER
where the studied frequency ranged from 4000 to 400 cm™!, allowing us to characterize the
functional groups of interest.

Infrared analysis helps determine the main chemical functions present on the surface of

activated carbons.

I1.4. Adsorption test on methylene blue:

In this part, we study the isothermal adsorption of methylene blue on activated carbon ZnO-
AC (P1) and commercial activated carbon (Merck).

In a series of beakers, a mass of 0.05 g of activated carbon is successively introduced which
is brought into contact with 25 mL of the solution of known initial concentration, the whole is
stirred for 2h at 25 C°. Then the filtrate is analyzed at A=665 nm and the quantity x/m (mg/g) is
calculated according to equation 09.

The adsorption isotherms are modeled as appropriate, by the classic Langmuir and
Freundlich models with satisfactory statistical quality, the acceptable correlation coefficients
generally being greater than 0.90. We will be particularly interested in the adsorption isotherms

of this pollutant by the activated carbon that we have modified.
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III.1. AC-ZnO mass loss:
Table 02. Loss of mass of modified activated carbon (AC-ZnO).

Material Initial mass Final mass loss of mass
AC-ZnO

12.139 9.198 2.941
(protocol 1)
AC-ZnO

13.248 9.243 4.005
(protocol 2)

The modified activated carbon with ZnO nanoparticles (AC-ZnO) was calcined for 4
hours at a high temperature (550 C°, 700 C°).

When the activated carbon modified by nanoparticles ZnO is calcined, it will undergo a
series of thermal decomposition and oxidation reactions that can result in mass loss. Calcination
is a process where a material is heated to high temperatures, to drive off the humidity, oxidant
agents that came from the modification protocol transform the material into a more stable form.

The appearance of mass loss it can be made also by weighing errors.

II1.2. Specific surface area:

I11.2.1. Iodine number:

The iodine number is a very important parameter in the characterization of activated
carbon. To compare commercial activated carbon with two other types of activated carbon
obtained, we measured this number for these adsorbents and grouped them into Table 03. And

figure 07 represents them in a bar chart.

29



CHAPTER III: RESULTS AND DISCUSSION

Table 03. iodine number of the various activated carbons studied.

Adsorbents

Activated carbon

Merck

AC-ZnO

Protocol 1

AC-ZnO
Protocol 2

Volumes of
(Na2S203)
(mL)

37.6

40

36.4

Todine number

(mg/g)

987.89

678.496

1145.11

1400

B MERCK

1200

mAC-P1

m AC-P2

1000

800

600

iodine number

400

200

987.89

Merck-AC

678,4965

AC-P1

1145,11

AC-P2

Figure 07. iodine number of the various activated carbons studied.
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The results show that the AC-ZnO prepared material of the 2" protocol has the highest
iodine value, followed by the AC-Merck. This value obtained shows that the protocol applied
to modified activated carbon in the 2" protocol produces a material with well-developed
microporosity.

So, from the iodine number values, we can say that AC-ZnO has a higher porosity than
commercial activated carbon, which is a pleasant value since a good activated carbon should
have an iodine value > 900 mg/g.

The literature has shown that activated carbons with an iodine value greater than 950

mg/g are mainly used to measure micropores (0-20 A) [24].

The adsorbent with the highest iodine number will have the largest specific surface area,

with this we can say that it’s the AC-ZnO of protocol 2 that this rule applies to.

An iodine number of 1145.11 mg/g for activated carbon modified with ZnO
nanoparticles. This value indicates a carbon structure with a microporous tendency [25]. The
prepared activated carbon would therefore have a microporous structure.

In the literature many other adsorbents have their iodine value like commercial activated
carbon (200,36 mg/g), raw moringa leaves, acid, and base activated moringa leaves are 182,29
et 169,18 mg/g respectively [26], and activated carbon based on crushed pine 483,5 mg/g [27].
I11.2.2. Boehm titration:

As mentioned in the experimental section, Boehm gives information on the
concentration and type of functional groups of commercial activated carbon Merck and AC-
ZnO-NC (protocol 1,2). As shown in Table 05.

Table 04. Results of the Boehm test of the three activated carbon studies.

Zn0O-AC Zn0O-AC Zn0O-AC Zn0O-AC
Merck-AC |(P1) (P2) Merck-AC |(P1) (P2)
Vi (ml) Quantity of oxygenated groups
(meq/g)
NaOH 8.3 3.9 3.58 1.7 2.2 2.84
Na;CO3 9 4.4 4.57 1 1.2 0.86
NaHCO; 9.5 4.8 4.58 0.5 0.4 0.84
HCI 9.7 4.8 4.8 0.3 0.4 0.4
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Table 05. Oxygen-containing functional groups.

Total acidic | Total basic
Carboxylic | Lactone Phenol
groups groups
MERCK-AC 0.5 0.5 0.7 1.7 0.3
ZnO-AC (P1) 0.4 0.8 1 2.2 0.4
ZnO-AC (P2) 0.84 0.02 1.98 2.84 0.4

The acidic groups of the commercial activated carbon cumulate to a total of 1.7 meq/g,
while the basic group is 0.3 mmol/g. basic groups have less significant numbers in comparison
to acidic groups suggesting that there are more oxygen-bearing functional groups as depicted
in Table 04 hence more acidic sites. Resulted in Nethaji and al. (2013) [28] and Bello and al.
(2014) [29].

Moving ahead, the acidic groups of the AC-ZnO of protocol 1 cumulated to a total of
2.2 and 2.82 meq/g for protocol 2, and the total basic groups for both activated carbons is 0.4
meq/g.

As expected, the total amount of surface acidic groups of the modified activated carbon
increased after modification contrary to the commercial activated carbon.

These results are confirmed by pHzpc and FTIR analyses of activated carbon studied.

I1.2.3. FTIR analyse:

] Zn0O-AC
=
=
(]
Q
(=
g -
Z 3
g
g:' -
S
= 1
. 2320
] T T T T T T T T T 'I T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'l)

Figure 08. Activated Carbons FTIR Spectrum.
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e For Merck-AC:
1503.3 cm!: a weak band may indicate aromatic C=C groups.
1533.5 cm’!: variable aromatic C=C elongation vibration, the presence of C-N=0 groups;
2985.9 cm!: band can be attributed to the stretching of C-H groups.
3555 cm! to 3852.8 cm™!: these bands can be attributed to the elongation vibrations of the O-H
groups in the alcohols or possibly the phenols.

e For ZnO-AC carbon:
1206.1 cm': a band indicates the presence of alcohol groups, tetrahedral carbon, elongation of
ester groups, or anhydride groups.
1528.6 cm™': a band indicates the elongation of conjugated N-O (NO2) groups or perhaps
elongation of aromatic C=C groups.
3736.6 cm™': this band can be attributed to the stretching vibrations of the O-H groups in the
alcohols or possibly the phenols.

I11.2.4. Zero Point Charge pH:

The pHpzc is a good indicator of the chemical and electronic properties of the groups.
The pHpzc corresponds to the point of intersection of the curve with the straight-line equation
PHfina=pHinitial.

The adsorption process is known to exhibit a dependency on the pH of the system, as
evidenced by variations in its behavior as a function of the pH value. More specifically, the
adsorption process is observed to be influenced by the pH at the point of zero charges (pHzpc).

In alkaline solutions, there exists a positive correlation between the pHzpc and the
adsorption rate, where an increase in the former leads to a subsequent increase in the latter.
Lower pHzpc (potential of the hydrogen ion concentration zone) is directly correlated with
acidic solutions.

The adsorption rate is increased to a higher degree. The findings garnered in this study
have been delineated in Table 06, accompanied by a corresponding visual depiction portrayed
in Figure 09 and Figure 10.

Table 06. Point of zero charges for three adsorbents.

Adsorbent pHzrc
Merck AC 6.2
AC-ZnO (P1) 8.2
AC-ZnO (P2) 7.6
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PHfin

PHfin

14

12

10

14

12

10

PHin

—0— Merck-AC

Figure 09. graphical representation of Merck pH zpc.

PHin

—o—AC-P1 —e—AC-P2

Figure 10. Graphical representation of P1 and P2.
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Table 06 demonstrates that the Merck-AC pHzpc (=6.2) dramatically dropped in contrast
to the pHzpc modified one (P1=8.2, P2=7.6).

Overall, the pH of zero-point charge (pHzpc) is the pH at which the surface charge of
an activated carbon particle is neutral, meaning that there are equal numbers of positive and
negative surface charges. When the pH of a solution is above the pHzpc of a surface, the surface
becomes negatively charged, and when it is below the pHzpc, the surface becomes positively
charged. If the pHzpc of all the modified and non-modified AC is lower than the pH of the
aqueous solution, it means that they have a more acidic surface. This could be due to the
presence of acidic functional groups on the surface of the activated carbons.

The lower pHzpc may affect the activated carbon's surface charge and adsorption

properties and may make it more favorable for adsorbing cations than anions.

I11.2.5. Bleu Methylene value:

The Bleu Methylene Value is a measure used for characterizing the adsorption capacity
of commercial activated carbon with other two modified ones with nanoparticles. It refers to
the amount of blue dye (methylene blue) that a specific amount of activated carbon can adsorb
from an aqueous solution under certain conditions. It is expressed in milligrams of methylene
blue per gram of activated carbon. The higher the Bleu Methylene Value, the more adsorbent
the activated carbon is.

Table 07. The values of the methylene blue index of the three activated carbons.

Activated carbon | AC-ZnO AC-ZnO
Adsorbents Merck (P1) (P2)
Co (mg/L) 1200 1200 1200
Abs 0.515 1.252 1.014
Diluted factor 50 50 50
Ceq (mg/L) 272.77 606.46 590.04
Methylene blue

208.501 148.384 165.730
number (mg/g)
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250
= BM MERK
208,501 mAC-P1
mAC-P2
200
5 165,731
=
g 148,385
= 150
[P)
=
=
%]
g
1 100
=
[<P)
g
50
0

Merck-AC AC-P1 AC-P2

Figure 11. Blue methylene value of the various activated carbons studied.

The bar chart provides information about the values of the various activated carbons

studied (Activated carbon Merck, AC-ZnO P1, and P2).

Overall, the values that we obtained show that the protocol applied to virgin activated

carbon produces a material with well-developed porosity.

And also, we illustrate that from the blue methylene values, we can say that from the
two modified protocols, AC-ZnO of protocol 2 has a higher mesoporosity, that is referring
to the use of ammonium carbonate as it helps to increase the adsorption of methylene blue
by activated carbon as it is a pore-forming agent [30] which caused the formation of

additional pores in the activated carbon.

The creation of these additional pores increases the surface area and porosity of the

AC which in turn, enhances the adsorption capacity.

Moreover, the highest adsorption capacity of activated carbon, the largest specific
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surface area, and the steady growth in the protocol 2 results show that it is the well-used

modified activated carbon one.

I11.2.6. Adsorption test on methylene blue:

Blue methylene is usually used to characterize the mesoporosity of activated carbons.
in our lab experience, we brought a series of beakers, then 0.05 g of Merck activated carbon,
and a modified one were successively introduced to them, which brought into contact with
25 mL of the methylene blue solution with an initial concentration of Co, the whole is stirred
for a contact time of 2 hours. Then the filtrate is analyzed at A=665 nm and the quantity ge

(mg/g) is calculated.

Figure 12 shows the adsorption isotherms of methylene blue by the two activated
carbons. The figure demonstrates the largest adsorption capacity by Merck and protocol 2

activated carbon.

600

e ZnO-AC (P2)

500 °
Merck-AC

400

(8]
S
(e

x/m (mg/g)

200

100

0 2 4 6 8 10
Ceq (mg/L)

Figure 12. Adsorption isotherms of methylene blue on the commercial activated carbon and

modified one Protocol 2.

37



CHAPTER I1I: RESULTS AND DISCUSSION

Table 08. Langmuir's equations and constants for the adsorption of methylene blue on the two

activated carbons.

Adsorbent | Mathematical Langmuir R K; b Sem
model equation (m*/g)
(L/mg) | (mg/g)
Merck-AC Linear Cey/q.=0.0014 C,,+0.0032 | 0.88 | 0.4375 | 714.28 1600.54
ZnO-AC Linear Cey/q.=0.0016 C,,+0.0031 | 0.84 | 0.516 | 625.0 1401.11
(P2)
0,025
y =0,0016x + 0,0031
2=(0,8493
0,02 e
>
D
S o015 ° e
53 y =0,0014x + 0,0032
@) 2 =0,8827
0,01
e P2
° ..
MERK
0,005 ".-' --------- Linéaire (P2)
®
0
0 2 4 6 8 10 12 14 16
Ceq (mg/l)

Figure 13. Linearized Langmuir isotherms for the adsorption of methylene blue on two

activated carbons.
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Table 09. Freundlich equations and constants for the adsorption of methylene blue on the two

activated carbons.

Adsorbant | Mathematical Freundlich R Kf n

model equation
(L/mg) | (mg/g)

Merck-AC Linear Logge=0.3941 LogC,,+2.3499 | 0.66 | 223.832 | 0.42
ZnO-AC Linear Logg.=0.3601 LogC,,+2.3226 | 0.73 | 210.18 | 0.43
(P2)

3 y=0,3941x + 2,3499

RIS o?
26 | g
’ lllllllllllllllllll
................ .
’ -------------------- 2
E ...... ’
% )
S y = 0,3601x + 2,3226
R2 - 0’73 17
1
0,5
0
-1,5 -1 -0,5 0 0,5 . g
L()g Ceq
" Lt AC-P2 e Log. (Merck-AC)
........ Linéaire (Merck-AC) --------- Log. (Merck-AC) <+ee.e-.. Linéaire (Merck-AC)
......... Linéaire (Merck-AC) Linéaire (AC-P2) Lt Ot

Figure 14. Linearized Freundlich isotherms for the adsorption of methylene blue on two

activated carbons.

The adaptation of the Langmuir model for the two systems is shown in Figure 12 with
satisfactory correlation coefficients. The adsorption results were processed using the linear
Langmuir relation with these constants K. (L/mg) and b (mg/g) as obtained from the slopes and

intercepts in Table 8. and that resulted in different K1 constants. The linear model better reflects
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the data obtained. Ky takes a value of 0.43 for Merck activated carbon and 0.51 for modified
activated carbon. These Kr values indicate that Merck activated carbon and modified one
exhibit similarity in energy factors for methylene blue adsorption. The adsorption capacity for
activated carbons from Merck and modified are 714.28 and 625.0 mg/g respectively. The
Freundlich model does not describe the adsorption of methylene blue on the two activated
carbons studied because the correlation coefficient is low as it is shown in Figure 14 and Table
9. We can say that the strong adsorption of methylene blue on Merck and modified activated
carbon is probably due to the presence of increased porosity, the pores being characterized by

their decolorizing power towards colored pigments such as the blue of methylene.

Therefore, our activated carbon produced in the laboratory has a decent affinity for
this dye. This Large capacity on the complex surface of the activated carbon can also be

explained by ion exchange between the adsorbent and the adsorbate.
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General conclusion

Preparation and characterization of AC-ZnO-NP were the main aims of this study. The
first part consisted of preparing activated carbons (P1 and P2) from metallic nanoparticles of
ZnO using different protocols. In the second part, we studied different ways of characterizing
the surface of prepared activated carbon. Starting with the index value for characterizing the
microporosity of activated carbons. The value obtained for modified activated carbon in
protocol 2 is 1145.11 mg/g, indicating high microporosity. In the case of activated carbons from
Merck and Protocol 1, their values are 987.98 and 678.496 mg/g respectively, lower than P2-
prepared carbon. The second method is Boehm's method for characterizing the surface charge
of activated carbons, revealing a higher equivalent mass and carboxyl groups in the P2-prepared
carbon. FTIR analysis confirms these results. The Boehm method enables us to identify signals
which characterize the acid functions. The pH point of zero charge values of the majority of
manufactured carbons prepared P1 and P2 and Merck are below 8, indicating the slightly acidic
nature of the surface of these materials. and Last but not least, the value of the methylene blue
index method, which evaluates the mesoporosity of the Merck material and how higher it is
than the prepared activated carbons with a result of (231.806 mg/g). The equilibrium data are
analyzed using Langmuir, Freundlich, and Temkin isotherm equations. The result shows that
the experimental data are best correlated by Langmuir isotherm. The last part is devoted to the
adsorption of methylene blue. It is clear that AC Merck, and AC-ZnO, were efficient sorbents
with a high adsorption capacity for the removal of MB and it can be proposed for the removal
of these dyes from aqueous solutions. Nevertheless, the impact of pH, the mass, the
temperature, and the duration of the reaction play a role in the effectiveness of the modified
activated carbon 2, and studying these factors can make the AC-ZnO more favorable and

efficient for other adsorption of dyes.
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