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ABSTRACT
Low cost agricultural waste material (Corncobs-CC) and fast growing wood (Paulownia
tomentosa-PT, Populus caspica-PC, Ailanthus altissima-AA4, Salvadora ﬂfeﬂfffes-.;iﬂ} and animal
“bones were ulilized for the preparation of activaled carbon. Industrial spent carbon was also
regenerated, The carbon samples were activated chemically and by thermal means (400-1000°C).
Tl.1c samples were characterized 'F:y pH, moisture content, ash content, bulk density, surface arca
(BET, DR, BJH, Langmuir) with porc volume, FTIR, XRD, SEM and EDS. The BET (m’g")
surface arca analysis of the carbon samples activated at 800 °C showed that SO has greatest surface
area of 587 m'g”. The surface area of other carbon samples activated at 800 °C was found in the
sequence: 418 for SO > 412 for CC > 398,29 for PC > 387 for AA > 219 for PT > 140.23 for ABC.
DR method was used for the determination of micropore volume (em’.g') using NDWWini
computer software. For the 800 °C activated carbon samples the pore volume was in the sequence:
0.23 for PC > 0.220 for SO, RG > 0.21 for CC > 0.20 for AA, 0.11 for PT > 0.100 for ABC. FTIR
analysis showed that the carbon surface carried the oxygen containing functional groups, which
. disappeared at high activation temperatures. The XRD analysis using ORIGIN-50 computer
software showed that carbon, hydrogen, nitrogen, oxygen, boron, chromium, fluorine, nitrogen and
molybdenum were present in the carbon samples. The EDS analysis showed high carbon contents
in the sample activated at high temperature as compared to Raw and 400 °C activated samples while
the contents of ﬁxygcn was found to decrease with the increase in activation temperature. Other
clements like sulfur, potassium, chlorine, silica, iron, magnesium, copper, phosphorus, sodium,
caleium, aluminum and molybdenum were found in trace amounts. The rate of adsorption of dyes
on the carbon samples was high in the initial fifteen seconds and then declined due to its diffusion
in to the rrlaicrnpures, From the first order kinetics the rate constants were determined which were
found to be high at high temperatures of adsorption /sample activation. The high activation energy
. of the dye adsorption on the Raw and 400 °C activated carbon samples was due to the presence of
polar functional groups at the pore openings that blocked the entrance of the dye molecules, thus

raising the energy barrier. Negative values of entropy of activation (AS") of the dyes adsorption



vii
reflected the affinity of the dye molecules towards the carbon surface which were found to
decrease with the increase in adsorption temperature, The dye molecules thus have acquired a more
stable oriented position on the surfaces at high temperature of adsorption/ sample activation. The
linear plots of Bangham and intraparticle diffusion models showed that the adsorption of dye on the
carbon surface 15 a ﬁiﬂ'usinn controlled process. The Freundlich, Langmuir and DR models were
used to estimate the adsorption parameters. The best fit of the isotherms, found from the correlation

coelficients (') were in the sequence: DR > Langmuir > Freundlich. Distribution coefficients of the
dyes on the surfaces of carbon activated at different temperatures were found to be in the sequence:
D000 “c = D 900 “c > De 500 "c = Ds 60 e > De aoo e > Dy rawe The industrial waste water was treated by
column adsorption. Thomas model was used to derive the adsorption capacity (mol g'') of the carbon

samples for the dye and also for Ni**, Cu*? and Zn"? adsorption from the industrial waste water.
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1. INTRODUCTION

There exist increasing demands for the availability of adsorbents that are cost
effective and efficient remover of water contaminants, Despite significant research in the
production of activated carbon for dye adsorption, there prevails a clear knowledge gap about
the dyes in aqueous solution and mechanism of their adsorption on aclivatéd carbon '. There
is also inadequate uﬁdmlanding of the role of dye structure and the physical- and chemical
characteristics of activated r:nr.bun in the adsorption. With the growth of industrialization and
urbanization, the treatment of the bulk waste water is a challenge. Pakistan has agricultural
based economy and textile, leather and tanning industries are its back bone. Dyes when
present even in very small quantities (< 1ppm) in the water bodies make it unacceptable for
use %, Dyes (Tripl;an:,rlmclhanc and azo) are mutagenic and carcinogenic and can cause sever
damage to humans causing by dysfunction of kidneys, reproductive system, liver, brain and
central nervous system. Dyes are recalcitrant organic molecules that are resistant to u@hic
digestion and are stable to light, heat and oxidizing agents **.

Although adsorbents arc used abundantly throughout the water and wastewaler
treatment industries. The use of activated carbon remains expensive process. Most of the
c.ummarcial .s_vslmns currently use activated carbon as adsorbent to remove dyes from the

wastewater because of its excellent adsorption ability '

. Activated carbon adsorption has
been cited by U.S. environmental protection agency (EPA) as one of the best available
control technologies 4%

Over the recent years there has been a considerable research on the low cost
alternative materials for the production of activated carbon. Agricultural waste such as waste

wood, coconut shell, apricot stones, comcobs, bamboo, plum kemcls etc were used for this

purposc ">, Agricultural waste wood materials and animal bones waste are cheaply and



widely available in Pakistan. Converting these materials into value added product and study
its use for the decontamination of water bodies is an interesting arca to be explored in this
investigation.

Various wastewater treatment technologies which are based on the processes of
coagulation, flocculation, biodegradation, adsorption, membrane separations, ion-exchange,
oxidation, oxidation, selective bio-adsorbents and biomass are in use *"*, All of them have
advantages and dmwhacks. Because of the high cost and disposal problems, many of the
conventional methods for treating dye wastewater have not been applied at large scale in the
textile and pﬁper industries. There is no single process capable of adequate treatment, mainly
due. to the complex nature of the effluents ** ““. In practice, a combination of different
processes is ofien used to achieve the desired water quality. Research has been continuously
conducted in the arcas of using different methods of treatment in order to improve the
biodegradation of dyestufTs and minimize the sludge production **. Among the methods used,
adsorption is a well known equilibrium separation process that effectively decontaminates
water *7. Adsorption has been found to be superior to other techniques for water re-usc in
terms of initial cost, flexibility and simplicity of design, case of operation and insensitivity to
toxic pollutants and also it result in the formation of harmful substances.

Amongst all the adsorbent materials proposed, activated carbon is the most popular
for the removal of pollutants from wastewater *®, The effectiveness of adsorption on
commercial activated carbons (CAC) for removal of a wide variety of dyes from wastewaters
has made it an ideal alternative to other expensive treatment options *. This capacity is
mainly due to their structural characteristics. Their porous texture gives them a large surface
area, and their chemical nature which can be easily modified by chemical treatment leading

to increase their adsorption properties **°" |



Agricultural and wood by-products are lignocellulosic and carbonaceous in nature
and may offer an inexpensive and renewable additional source for the production of activated
carbon. These waste materials have little or no economic valuc and often present a disposal
problem. The raw material is carbonized to obtain the char or carbonaceous material, which
is activated to yield the highly porous final product. Typically, surface areas ranging from
300- 1400m’/g are obtained for the activated material 62 Chemical activation proceeds under
conditions that prevent the deposition of hydrocarbons on the surface. The raw material is
mixed with the chemical agent, dried and caleined at temperatures up to 900 °C. Other
methods are also used such as mixing of the carbonaceous malerials or chars with potassium
hydroxide as activating chemical, treatment of char with sulphur vapor at eclevated
temperatures and subsequent desulphurization with hydrogen and activation in an inert
alunnsphere under reduced pressure without the use of any chemical activation agent.
Activated carbon particles have micropores (< 20 ) ), mesopores (20 - 500 ")and macropores
(>500 ). The macropores provide a passageway to the particle's interior and to the
micropores but do not contribute substantially to the particle surface area. The micropores,
on the other hand, are responsible for the large surface area of activated calr’uﬂn particles and
are created during ﬂ'].ﬂ activation process ®. It is in the micro pores that adsn.nrplinn largely
takes place. Tsai et al. * prepared activated carbon from agricultural by-product and the pore
structure was examined by using the scanning electron microscopy (SEM). They concluded
that Ilhc shape and size of these pores vary from surface to surface and are different from each
other. PastorVillegas ® investigated the pore structure of activated carbons prepared from
different precursors and characterized by mercury porosimetry and scanning electron
microscopy. They reported that the pore volumes (micro, meso and macro) increase up with

the increase in activation temperature, and that two main parameters are relevant to the



performance of the activated carbon namely the surface area and the porc volume or
structure. The pore volume limits the size of the molecules that can be adsorbed whilst the
surface area limits the amount of material which can be adsorbed, assuming a suitable
molecular size. Other factors such as surface chemistry (heteroatom content), surface charge

can also affect the adsorption capacity. Guo et al *

showed that the amount of adsorption
does not always increase with surface area, Besides the physical structure, the adsorption
capacity is strongly influenced by the chemical nature of the surface i.e. acid-base character
a;ld also t.;m ';he accessibility of the adsorbate molecules to the inner surface of the adsorbent,
which depends on their size. The specific mechanisms by which the adsorption of dyes from

aqueous solution on the adsorbents are still not clear because adsorption is a complicated

process that depend on several electrostatic and non-electrostatic (hydrophobic) interactions.

Diagraramatic represertation of pores in the carbon particle



The carbon atoms located at the surface and edges of carbon crystallites have residual
valencies which make them to act as active sites. These sites show a strong lendency to
chemisorb c]cnlul-ns like oxygen, nitrogen, hydrogen, chlorine, bromine, iodine and sulfur
and give rise to non-stoichimetric stable surface compounds which may be called surface
complexes. Among these surface complexes, surface oxygen complexes such as carboxyls,
phenols, lactones, aldchydes, ketones, quinines, hydroquinones, anhydrides or ether
structures are the most common and most important ®. It has been shown that the carbon
activated at high temperature remove these complexes and drive off them in the form of CO,
éDz and -H;.;D, Petrov ** characterized the carbon and found oxygen-containing groups of
acidic character (carboxyl groups, carboxyl groups in lactones-like binding, phenolic
f;ydmx;.rl and carbonyl groups). Boem ** characterized the surface groups of carbon and
determined the mode of attachment with the carbon surface (I, II, III, IV). Vicente Gémez-

Serrano * and Strelko ™ found phenolic hydroxyl, quinonic, carboxylic acid, and ether on the

surface of carbon (Fig. 1.1).

/D\'D DC\ COoH HOO COH

" . Il n

Figure 1.1: Proposed functional groups on the surface of carbon.



1.1. Goals of the study

Investigation of the adsorption of organic compounds from (wastewater) aqueous

solutions on low cast activated carbon obtained from plant materials (including agricultural

waste) and animal bones .Investigation and modeling of the kinetics and of the

thermodynamics of the adsorption process.

The present study was carried with the steps.

1.

0.

To prepare carbon from different local agricultural, fast growing low cost wood wastes

and the bones.
To activate the prepared carbon by chemical and thermal treatment.
To regenerate the industrial spent carbon.

To characterize the prepared and regenerated carbon by determination of pH, bulk

density, particle size, ash contents, moisture and surface area (BET, BJH, Langmuir and

" DR) and pore size distribution (DR).

To investigate the cffect of degassing temperature on the surface propertics of the

prepared activated and the regencrated carbons.

To characterize the surface of prepared and regenerated carbons for the presence of
surface functional groups, using the FTIR technique.

To elucidate the surface morphology of the samples by using scanning electron
microscopy (SEM).

To know the presence of inorganic contents on the surface of carbon by energy

disp.crs'ive spectrophotometry (EDS).

. To investigate the organic and in organic phases present on the surface of carbon by x-

rays diffraction (XRD).



10.

1.

12.
13.
14,

15.

7

To study the adsorption efficiency of the samples by using dyes (acid blue 1, brilliant
blue R, acid yellow 29, acid yellow 34, acid orange 7 and acid orange 10) as adsorbate

which includes, equilibrium and the kinetics.

_ To calculate the thermodynamic parameters such as change in activation energy (AE"),

change in enthalpy of activation [ﬁH'}, change in entropy of activation (AS") and
Gibbs free energy (AG") for the adsorption of dyes.

To determine the mechanism of adsorption of dyes by applying different kinetic models
like first order, Bangham and parabolic diffusion.

To study the dyes cquilibrium adsorption by applying different available adsorption
models such as Freundlich, Langmuir and DR.

To study the adsorption of acid blue 1 and industrial waste water treatment, by using
break through technique (column method).

To verify the Thomas kinetic model for the column adsorption of adsurhaie from

. agueous solution.
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2. REVIEW OF LITERATURE

A number of different low cost wood and agricultural waste materials have been
utilized for the production of activated carbon. Different techniques haval been used for its
preparation. It is important to establish relation between characteristics of the activated
carbon and -its adsorption behavior which depend on the nature of adsorbate, adsorbent
(prn'{nursur material) ﬁmi the experimental conditions. Following is the update survey of
literature on the production, characterization and adsorption properties of the activated
carbon produced from the low cost wood, agricultural waste materials, spent carbon and
bones.

ElHendawy ' and Tsai ™ er al. prepared activated carbon from corncobs (an
agricultural waste) at low (500 °C) and high (700 °C) carbonization temperature, The results
simw that the low carbonization temperature (500 °C) yields a poor porosity while high
carbonization temperature (700 °C) enhanced the porosity. The activated carbons proved
highly porous and rich in mesopores, and showed high adsorption capacity It"nr methylene
blue and Pb>* ions. The samples were characterized by thermo gravimetric (TG) and
scapning electron microscopy (SEM). Chang et al also prepared activated carbon from
corncob and activated by a chemical method and also thermally at 1073 and 1173 K. The
experimental results revealed that the BET surface area, pore volume, and average pore
diameter of the resulting activated carbon generally increases with the increase of activation
temperatures. Cao et al ™* prepared activated carbon from comcobs by chemical (KOH) and
thermal activation (450 "C and 850 “C). The results showed that carbonization temperature
(78% micropores), activation time and KOH ratio highly influenced the surface area

(2700 m*/g) of the activated carbon.
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Gupta et af ™ prepared activated carbon from bagasse fly ash and utilized it for
adsorption (both kinetic and equilibrium) of Rhodamine B and methylene blue. From the
kinetic data the mechanism of adsorption was derived and the equilibrium data was analyzed
by Langmuir and Freundlich models. Thermodynamic parameters were calculated from the
adsorption data, |

Ahmedna e al ™ used the rice straw, rice hulls, sugarcane bagasse and pecan shells
for the preparation of activated carbon by physical and chemical activation. Carbons were
characterized by bulk density, ash contents, pH and surface area. The activated carbon
samples were then used for color removal from aqueous solutions. Bagasse activated carbon
showed a better potential than other carbon samples for the decolorization of solutions. Valix
et al " also prepared activated carbons from bagasse precursor by heating at 160 °C and 900
°C. The surface areas of the samples were found to be 614 to 1433 m? g”' with pore volume
of 0.45 to 1.2 nm. The activated carbon samples were then used for the adsorption of acid
blue dye from which it was concluded that the adsorption of acid dye enhanced on carbon,
exhibiting alkaline or positively charged surfaces.

Daud ef al ™ studicd the preparation of activated carbon from palm shell and activated
at 500, 800 and 900 “C. During activation it was noted that a small amount of Mesopores
were developed in the initial stage but burn-off increased, a rapid development in mesopores
was observed. At 900 °C activation temperature a significant amount of mesoropores were
developed. Guo and Lua ™ prepared activated carbon from palm stones and studied the
effects of carbonization temperature on the textural and chemical properties of activated
carbons. Al high activation temperature porous structure was developed, however at high
temperature the pore narrowing also occurred. They found that the temperature hlas a

insignificant effect on the inorganic components of the carbons, but the organic surface
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functional gruupsl were removed significantly. Ashri e a/ ™ also prepared the activated
carbon from palm shell and then investigated the effect of activation temperature (500 -
900°C) on pore development in the carbon samples. The study showed that activated carbon
prepared at high temperature had a significant amount of micropores. No clear pattern was
demonstrated on the effects of carbonization temperature on the development of mesopore
and macropores.

Yalcin et al * prepared activated carbons from the rice husk and characterized by
density, elemental analysis, surface area and porosity. The results showed that the surface
area was 480 m’g’', pore diameter was 0.0044 um and pore volume was 1.3652 cm® g'. Guo
" et al also prepared the active carbon with a high specific surface area (more than 3000
m?/g) from rice husks by using potassium hydroxide (KOH) as activating agent. The effcets
u.l" preparation parameters on the properties of the active carbon were also studied.

I g3

Alaya et al ™ studied the production of activated carbons from date palm wastes

(branches, leaves and date pits) at 600-700 °C. The products were characterized by N2 (77 K)
adsorption for cvaluating their surface area and pore volume. They concluded from their
study that carbonization at 700 °C resulted into low surface area carbon having poor
adsorption plrnpr.-rtica. They c-:;tmparad the porosity of the activated carbon with that produced
from rice husks and barbecue and found that the later developed porosity to a lower extent,
due to the inherent ash content.

Quan et al * investigated the regeneration of three granular activated carbons (GACs)
exhausted with acid orange 7. The three carbons were made from coconut shells, almond
nucleus and coal. The dye adsorption prm:ca's was carried out in a continuous-flow adsorption
column. Afler adsorption, the dye-saturated carbon was dried at 120 °C and then regeneﬁted

in a quartz reactor by 2450 MHz microwave (MW) irradiation at 850 W for 5 min. The
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cfficacy of this procedure was analyzed by determining the rates and amounts of dye
adsorbed in successive adsorplion-MW regeneration cycles. Effects of this regeneralion on
the structural propertics, surface chemistry and the dye adsorption capacities of carbon
samples were examined. It was found that after several adsorption-MW regeneration cycles,
the adsorption rates and capacities of carbons could maintain relatively at high levels, even
higher than those of virgin carbons as indicated by the dye breakthrfough curves and
adsorption isotherms. The improvement of carbon adsorption properties resulted from the
modification of pore size distribution and surface chemistry by MW irradiation.

Rahman et al * investigated the adsorption of malachite green on activated carbon
deﬁ-vud from rice husks by chemical and thermal treatment. They showed that the optimum
cgrbnnizatiun temperature was 500°C. The adsorption studies were conducted with respect to
contact lime, concentration and adsorbent dosage of the samples. Both Langmuir and
Freundlich models were found fit to dcribf.'. the adsorption behavior.

. Hu ™ ¢r al prepared a mesoporous carbon from coconut shells, presented a cost
effective method for the production of carbons with high mesopore content. The
mesoporosity was substantiated by the absorption capacity for phenol, mt;thylcne blue, and
erythrosine red.

Hu and Srinivasan *" used the coconut shells and palm seeds for the preparation of
i'iCﬂ:VﬂtEﬂ carbons. The samples were chemically and thermally activated. They demonstrated
that the thermal treatment influenced the surface area and porosity (micropores and
mesopores) of the samples. The adsorption capacities of the mesoporous activated carbons
were much higher than those of microporous carbons for larger adsorbate.

Hu and Srinivasan * prepared a high-surface-area activated carbon from the coconut

shell by using KOH as a chemical activating agent. The KOH-to-shell ratio and activation
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témpernlﬁﬂ: were used for the condition optimization. The surface area, (2451 m*/g) and pore
volume (1.21 em’/g) of the carbons were determined by BET nitrogen adsorption. They
concluded that the carbon treatment at 600 °C favored the product with good yield and high
surface area. |

Macedo ef al * prepared activated carbon from coconut coir dust and used it for the
adsorption of methylene blue (MB) and remazol yellow (RY) from aqueous solutions. First
order, second-order and intraparticle diffusion models were applied to the kinetic adsorption
data. The results for both dyes suggested that the adsorption of MB and RY was a diffusion
controlled process, Kunwar et al ™ prepared activated carbon from coconut shell fibers which
was then utilized for the removal of methylene blue and methy! orange from wastewater. The
resulls inclic;alcd that the Frcundlich model fitted best to the adsorption data as compared to
the Langmuir model. Kinetic studies followed the first order rate equation. It was concluded
that the methyl orange adsorption occurred through film diffusion both at low and higher
concentrations while methylene blue adsorption occured through film diffusion at low
concentration and partial diffusion at high concentration.

Tay et al * prepared activated carbon from sewage sludge using coconut husks as an
additive, The preparation conditions involved the heating temperature, dwell time, heating
rate and coconut husk to sewage sludge mixing ratio. Surface area, pore size distribution and
the production yield of the final products were determined and compared.  Experimental
results revealed that heating temperature had a considerable impact on the surface area and
pore size distribution whereas dwell time and heating rate performed comparatively
insi.gniﬁcantly. The increasing mixing ratio of coconut husk to sewage sludge increased the

microporosity of the final product. The surface area was determined by BET nitrogen
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adsorption. Heating temperature of 500 °C and mixing ratio (1:4) of coconut husk to sewage
sludge were found to be most cost effective.

Senthilkumaar et al ** prepared the activated carbon from coconut tree carbon and
Julc; fiber and then studied the adsorption of reactive red dye (RR) on the prepared carbon
sample. Adsorption studies were carried out at different initial dye concentrations, initial
solution pH and adsorbent doses. Adsorption kinetics followed the pseudo-second order ﬁnd
diffusion models. The adsorption isotherm c!atn also fitted well to Langmuir equation and the
adsorption capacity were found to be 181.9 and 200 mg/g.

Evans er al ™ studied the preparation of activated carbon from macadamia nut shells.
Initially the precursors were subjected to elevated temperatures (4{}0-9-:50 °C). Pore size
distribution studies (micropore volumes exceeding 1.0 cm” g™') were also carried out for 750
aﬁd 800 "C uctivated samples. A high yield of microporous carbon was oblained at 540 °C
aclivation temperature,

Ahmadpour and Do ™ prepared different activated carbons from Macadamia nutshel
by chemical activation with potassium hydroxide and zinc chloride. The influence of process
variables on the :ém'bﬂns pﬂr’c. structure was studied in order to optimize the conditions. The
most important parameter in chemical activation with both chemical agents was found to be
the impregnation ratio. Carbonization temperature was the second important variable which
had significant effect on pore volume.

Toles et al ™ carbonized the nutshells into activated carbon. For oxidation the
prepared carbon was treated with acid solutions. The oxidized carbon surface was
c.l-mractcri-ze& for surface functional groups like carbonyl, phenols, lactones and carboxyl by

different techniques. The results showed that acid treatment has introduced a sufficient
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amount of surface functional éroups into the carbon surface. The effect of functional groups
on the uptake of copper was also investigated in the study.

Lua et al ™ prepared activated carbons from pistachio-nut shells by thermal activation
under nitrogen flow and under vacuum. It was found that under vacuum conditions, the
characteristics of the activated carbons were better than those under nitrogen atmosphere.
The activation temperature and the activation hold time were found to be important
paramelers that influence the characteristics of the activated carbon. Activation temperature
400 °C and | houar hold time were found as optimum condition for the production of high
surfacc arca and micropore volume. The BET surface areas of the carbons activated under
nitrogen atmosphere and vacuum conditions were 1635.37 and 1647.16 m* / g, respectively.
Fourier transform infrared (FTIR) spectra were used to detect the changes in the surface
fl'um:iiunal groups of the samples.

Guzel and Uzun 7 prepared activated carbons from sour cherry pits and was
chemically activated. From the surface area studied it was found that four hours activation
time was suitable for the production of porous structure. The prepared activated carbon was
then utilized for the adsorption studies of p-nitrophenol, methylene blue, orange-11 and
victoria blue from aqueous solution at 298 K. They found a greater removal efficiency of the
prepared activated carbon,

Mishera * prepared activated carbon from cherry pits and then used it for the

removal of color and other organic compounds from industrial effluents, The same carbon
was also used in column and concluded that the removal efficiency of the prepared carbon
was more in columns.

.,‘:I'J

Mohamed ef al ™ used sawdust as a source material for the preparation of activated

carbons by acid solution activation. Textural properties of these carbons were determined by
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nitrogen adsorption at 77K. The nitrogen adsorption isotherms were interpreted by BET
equation. The nature of carbon surface functionalities were determined by FTIR spectroscopy
and the resulls showed that the carbon surface acquired acidic character with carboxylic,
lactonic and phenolic groups. The removal of contaminants from aqumusl solution at 298K
on these carbons samples was also investigated. The equilibrium data was ﬁll;::d well by the
Langmuir isotherm,

Ismadji et al '™ prepare activated carbon from teak sawdust by vacuum pyrolysis.
The effects of process variables such as temperature and activation time on the pore structure
of activated carbons were investigated, High surface area (1150 m%/g) and pore volume

(0.43 cm’/g) were obtained from the conditions applied for the preparation of activated

carbon.

e

Girgis et al preparr;d the activated carbon from cotton stalks at 383 K and 773 K.
High adsorbing carbons with well developed mesoporosity were obtained. Porosity was
ddtcrmined by annlys_i_s of N2 (77 K) adsorption isotherms.
' Santhy and Selvapathy ' studied the removal efficiency of reactive dyes on activated
c;xrb-::n prepared from coir pith. Batch experiments showed that the adsorption of dycs
increased with an increase in contact time and carbon dose. Adsorption of dyes was found to
follow the Freundlich model. Lagergren rate constants of the dyes were found to be in the
range of 1.77 * 107-2.69 x 1072 min™",

Kavitha and Namasivayam '” studied the kinetics of methylene blue on coir pith
carbon prepared [rom coconut husk. The adsorption studies were carried out with respect to
agitation time, dye concentration, adsorbent dose, pH and adsorption temperature. Lagergren

first-order, sccond-order, intra particle diffusion and Bangham models were used to fit the

experimental kinetics data, Equilibrium data was analyzed by Langmuir, Freundlich and DR
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isotherms. The equilibrium time was found to be 30 and 60 min for 10 and 20 my/L and 100
min for 30, 40 mg/L dye concentrations, respectively. The change in entropy and heat of
adsorption of coir pith carbon was estimated as 117.20 J/moV/K and 30.88 kJ/mol
respectively. The high negative value of change in Gibbs free energy showed a feasible and
spontancous adsorption of methylene blue on coir pith carbon.

Sudaryanto et al '™ prepared a hi gh surface area activated carbon [rom cassava peel
{.ngrzif:ulturallwaslc) by chemical and thermal activation. The preparation process consist of
potassium hydroxide impregnation followed by carbonization at 450750 °C for 1-3 h.
Results revealed that the activation time have no significant effect on the pore structure of
activated carbon, however, the pore characteristic of carbon changes significantly with
carbonization temperature, The maximum surface area and pore volume were obtained at
i-mpmgnaliﬂn ratio of 5:2 and carbonization temperature of 750 °C.

Olivares-Marin et al '® used cherry stones (CS) as a precursor for the preparation of
activated carbon by chemicul and thermal means. Information on the surface functional
groups and structures of the carbons were provided by FT-IR spectroscopy. The BET surface
arca of the prepared carbon was 1971 m? g, The effeet of carbonization lemperature on the
porous structure of aclivateld carbon showed that the surface area increases with the
carbonization {emperature.

Martinez et al '™ prepare activated carbon from agricultural wastes such as olive
stone, acorn, pecan, walnut shells, and stone fruits by treatment with 50 and 75% (w/w) of
KOH. The two types of activated carbons obtained were characterized by scanning electron
microscopy (SEM). Good quality carbons 1..v¢rc obtained with 75% KOH in both the cases.
The adsorption of iodine was carried out for the determination of its adsorptive capacity:.

olive pits carbon was found with greater adsorption capacity as compared to other samples.
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The walnut shells activated carbon was found to be more macrocroporous structure than
olive pits.

Sanchez et al 'V prepared activated carbon from the wood of Quercus agrifolia and
walnut shells and activated at three different activation temperatures. The samples were
characterized (micro and mesoporosity) by nitrogen adsorption. It was concluded that the
mitial properties of precursors have strongly influenced the activation process under similar
experimental condition.

Badic er al ' used the dried peanut hulls to get activated carbon by chemical (KOH)
a.nd thermal activation. Products were characterized by the N at 77 K and methylene blue
(MB) adsorption. Simple carbonization at 700 — 900 °C showed high surface area and greater
removal of MB. On the other hand the sample activated with KOH resulted into low surface
alrca. greater mesoporosity but poor removal efficiency of MB.

Gémez-Serrano et al ' used chestnut wood as a precursor for the production of
activated carbon at 300 - 600 °C. The products obtained were characterized by N; adsorption
at =196 °C and found micmﬁumus carbon. Results showed that the surface area (Sypr) and
micropore volume (V) increased with the increase of activation temperature (600 “C).

Erdogan ef al ''"° prepared activated carbon from waste apricot and activated by
chemical and thermal methods (400-900 °C) under the Na atmosphere. The maximum
surface arca (1214 m%/g) and micropore volume (0.355 cm’/g) were obtained at 900 °C. The
resulted activated carbons were then used for removal of Ni™ ions from aqueous solution
with respect to temperature and different concentrations. Adsorption parameters were
determined by using Langmuir model. The results indicated that the effective uptake of Ni*2

was obtained by activating the carbon at 900 °C.
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Kobya et al ' prepared activated carbon from apricot stones and activated at 200 °C
for 24 h. The activated carbon was then used for the removal of Ni*? and Cu*? from aqueous
solutions. Batch adsorption experiments were conducted and the adsorption capacities were
obtained in the order of Ni*? > Cu*,

Corcho-Corral et al ''? wtilized the low-cost agricultural waste (Vitis vinifera) for the
preparation of activated carb;m by chemical (H3PO4) and thermal (350-550 °C) treatment
under the N; atmosphere. The carbon surface was characterized by FT-IR spectroscopy.
Better developments of surface area and microporosity were obtained at 200 and 450 °C,

Zhang et al ' convert agricultural and forest residues (oak wood waste, com hulls,
and comn stover) into activated carbons. Microporous activated carbons were produced by
EhysicaI actilvntinn with CO; as the activation agent, specifically the effects of activation
tlemperatum and duration were explored. The resultant activated carbons were characterized
by measuring their porosities and pore size distribution. The activated carbons produced had
BET surface areas ranging from 400 to 1000 m?/g, and ratios of micropore volume to total
pore volume ranging from 0.38 to 0.66. The pore size distribution was narrow and peaked
approximately at a pore diameter of 0.5 nm. Both the surface area and nature of porosity
were significantly affected by the conditions of activation, the extent of which was dependent
on the nature of the precursors. In general, the higher the activation temperature, the greater
was the surface area and micropore volumes of the resultant activated carbon. For oak, longer
the duration of activation, greater was the adsorption capacily, whereas for com hulls and
com stover the duration of activation had negative effect on the adsorption capacity.

DelosReyes er al ' obtained activated carbons from Chilean Native agricultural and

forest residues through 2 thermal process. The products obtained had different surface areas
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with low ash-content. The FTIR spectrum showed that the surface of the carbons contain
axyg::u gmu-ps,

Bagar ''* prepared the microporous and mesoporous activated carbon (WA 1Zn5)
from waste apricot. The BET surface area was 1060 m/g with 36% micropores, 74%
mesopores and 19% micropore volumes. The ability of WA11ZnS5 to remove three dyes,
methylene blue (MB), malachite green (MG), and crystal violet (CV), from eMuent solutions
was also investigated. The adsorption capacity of WA11Zn5 for different dyes was found to
be in the following sequence; malachite green > methylene blue > crystal violet. Equilibrium
data was analyzed by the Langmuir, Freundlich and Dubinin-Redushkevich (DR) equations.

Haimour and Emeish ''® utilized the datestone wastes for the production of activated
carbon by chemical and thermal means. The effects of the activation time, activation
t;zmp:ralure, impregnation ratio, and particle size on the yield and the adsorptive capacity
towards iodine were also studied. It was found that with the increase in activation
temperature the adsorption capacity of the carbon was increased.

Girgis and ElHendawy ''7 used date pits as low cost agricultural by-product for the
production of porous carbon. The raw material was carbonized at 300, 500 or 700 °C and
surl":acc characteristics of the products were determined by the adsorption of N, (77 K),
iodine, phenol, and methylene blue. They found that the carbon carbonized at 300 °C was
less porous, which was attributed to the contribution of the unsaturated chemical bonds
initiated in the partially decomposed material. Carbons obtained at 500 and 700 °C had
excellent porosity.

DiazTeran et al '™ prepared activated carbons from Esparto grass (Stipa tenacissima)
by :::hemi-:al (KOH) and hﬁling techniques. The samples were characterized by different

methods including surface area by BET, micropores by DR method, the pore size distribution
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by DFT. The results suggested that the fundamental factor over adsorption was the
development of porosity in carbons activated at high ratios of KOH impregnation.

Kailappan et al """ produced activated carbon from prosopis (Prosopis Jjuliflora) by
chemical and thermal actival.iun. The process variables were: activation temperature, and
activation duration of heating at 600°C. The activated carbon yielded was 56.9%. The
adsorption capacity of the prepared activated carbon was determined by methylene blue
adsorption.

Gurses et.al "* develop activated carbon from Rosa canina sp. seeds, characterized
and then used for the removal of methylene blue from aqueous solutions. Adsorption studies
were carried out at 20 °C and various initial dye concentrations (20, 40, 60, 80, and
100 mg/L) for different periods (15, 30, 60, and 120 min). The adsorption isotherm obtained
Fﬁr methylene blue was typically S-shaped. The shape of isotherm was believed to reflect
three distinct modes of adsorption. Region 1 represents the adsorption of methylene blue
mainly by ion exchange. ﬁegian 2 by polarizations of n-electrons established at cyclic parts
of the previously adsorbed methylene blue molecules. Region 3, the slope of the isotherm
was reduced, because adsorplion then must overcome clectrostatic repulsion between
oncoming ions and the similarly charged solid. Adsorption in this fashion is usually complete
when the surface is covered with a monolayer of methylene blue. The adsorptive
characteristics of the pmducéd active carbon were determined by porosity and BET surface
area (799.2 m? g™"). Structural analyses wert? performed by SEM-EDS techniques.

Khezami er al '*' prepare activated carbons from wood and its basic component like
cellulose, lignin and xylan (hemicelluloses). Activation was done by simple pyrolysis under

N; and the thermal treatment of the material impregnated with KOH (KOH-activation). The

surface area was determined by BET method. The sample was used for the adsorption of
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L
methylene blue [rom aqueous phase. It was shown that the Langmuir and Freundlich
isotherms satisfactorily fit to the adsorption data.

Karthikeyan er al '**

prepared activated carbon from the wood of Hevea Brasilinesis.
The carbon samples were then utilized for the adsorption of Cr™ from aquénus solution. The
elTects of parameters like contact time, initial concentration and temperature wlcre studied on
the adsorption study. Increase in adsorption capacity with increase in temperature showed
endothermic nature of adsorption. Thermodynamic paramelers like standard Gibb's free
energy (AG®), standard enthalpy (AH®) and standard entropy (AS®) were cvaluated.
Adsorption kinetics of Cr™ was analyzed by pseudo first-order and pseudo second-order
models. Pseudo s-ecand-urdcr model was found to explain the kinetics of Cr™* adsomption
most effectively. Intraparticle diffusion studies at different temperatures showed that the
n-"mchanism of adsorption was mainly dependent on diffusion. The rate of intraparticle
diffusion, film diffusion coefficient and pore diffusion coefficient at various temperatures
were also evaluated. The Langmuir and Freundlich isotherm were used to describe the
adsorption equilibrium data. Langmuir isotherm showed a better fit than Frmun;:llich isotherm
in the temperature range studied.

Wu and Tseng ' studied the preparation of activated carbon by using fir wood and
carbonized for 1.5 h at 750 °C and then soaked in a KOH solution, During the last hour CO,
was poured in !‘nr further activation for 0, 15, 30, and 60 min, respectively. Carbonaceous
adsorbents with controllable surface area and pore structure were chemically activated
(KOH). The pore properties, including BET surface area, pore volume, pore size distribution,
and pore diameter of activated carbons were characterized by the t-plot method based on N;
adsorption isotherms. Fir wood carbon activated with CO; gasification from 0 to 60 min

exhibited a BET surface area ranging from 1371 to 2821 m®g™', with pore volume
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significantly increased from 0.81 to 1.73 m? g™'. Scanning electron microscopic (SEM)
results showed that the surfaces have honeycomb like holes. The adsorption of methylene
blue, basic brown 1, acid blue 74, p-nitrophenol, p-chlorophenol, p-cresol, and phenol from
water on the carbons were carried out. Adsorption kinetics was in good agreement with the
Elovich equation, and all equilibrium isotherms were in agreement with the Langmuir
cquation. These results were used to compare the Elovich parameter (1/h) and the adsorption
quantity of the unit area (¢me/S,) of activated carbons with different Cﬁz gasification
durations. This work facilitated the preparation of activated carbon by effectively controlling
porg structures and the adsorption performance of the activated carbon on adsorbates of
different molecular forms.

Krzesifiska et al '™ studied the preparation of activated carbon using perennial plants
l.:-aml;mu (Bambusa vulgaris) yucca (Yucca flaccida) by highly controlled carbonization
process at 550 - 950 °C in the presence of nitrogen atmosphere. They found that at higher
carbonization temperature the dimensional shrinkage and orderness in structure was greater,
The samples were characterized by density, pore size distribution and surface morphology
using the scanning electron microscopy.

Brown er al '** produce carbon from the wood of pitch pine at 30 - 1000 °C. The
c1hars were then characterized using density and surface area. From the comparison of these

key parameters it was clearly demonstrated that good quality of carbon can be produced at
maximum temperatures of 500-600 °C,
! 126

Ravikumar er a studied the decolorization of Reactive red 3GL and Acid

brown 29 from aqueous solution by adsorption technique using a hybrid adsorbent that was _
prepared by a mixture of carbon and flyash at 1:1 ratio. The effect of pH, temperature,

particle size and time on the dye adsorption was investigated and optimized using response



surface methodology. The optimum pH, temperature, particle size and time were found to be
10.8, 59.25 °C, 0.0525 mm and 395 min, respectively, for reactive red 3GL and those for
acid brown 29 were 1.4, 27.5 °C, 0.0515 mm and 285 min, respectively, Complete removal
(100%) was obscrved for both the dyes using the hybrid adsorbent

Palit and Moulik "7 investigated the adsorption behavior of dyes on carbon surface.
The results showed that the dyes does nol adsorbed on the negatively charged surface. The
results were analyzed in the light of Freundlich and Langmuir isotherms and the related
thermodynamics parameters were evaluated.

Choy at al '** studied the adsorption of three acidic dyes, Acid Blue 80 (AB80), Acid
Red 114 (AR114), and Acid Yellow 117 (AY117) onto activated carbon, Filtrasorb 400.
Three single-component and three binary, AB80 + AR114, AB80 + AY117, and AR114 +
JI\.YI 17, isotherms were determined. Four models for predicting the multi-component -
equilibrium sorption isotherms have been m.:-.mpamd in order to determine the best; fit model
to predict or correlate binary adsorption data. These were an extended Langmuir isotherm, a
simplified model based on single-component equilibrium factors, a modified extended
Langmuir isotherm vslxith A constant interaction factor, and a modified extended Langmuir
isotherm incorporating a surfuce coverage dependent interaction factor.

Wu et al ' studied the regeneration of spent carbon from mono-sodium glutamate
factory using radiation and acid-alkali chemical cleaning method. Results showed that the
activated carbon saturated with pollutants could be washed away casily by Mushing with
chemical solution prior to irradiation.

Martin et al "*° produced carbon from surplus sewage sludge and then activated at 700
°C. The activated carbon produced was mainly mesoporous in nature, with a surface area of

253m’/g and an average pore diameter of 2.3 nm. The adsorption performance of the
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prepared activated carbon was checked by the adsorption of three anionic dyes in solution
(CI Acid Brown 283, CI Direct Red 89 and CI Direct Black 168). The effect of molecular
size of the dye on the adsﬁrptinn behavior has also been discussed.

Al-degs et al "' investigated the effect of carbon surface chemistry on the removal of
reactive dyes from textile effluent. The removal efficiency of activated carbon towards three -
highly used reaclive dyes (remazol reactive yellow, remazol reactive black and remazol
reactive red) in the textile industry was investigated. The adsorption capacity data showed
high removal ability for the three reactive dyes. The high adsorption capacity of the activated
::arl:lnnn was attributed to the net positive surface charge during the adsorption process, surface
a;:idily, s1.llr!'£‘|-::e basicity, H™ and OH" adsorption capacities.

Chen and Changqging '** have studied the adsorption behavior of dyes such as erystal
;-r'a!ﬂ. bromophenol blue and erichrome blue black R, from aqueous solution on various
activated carbon [ibers. They also studied the effect of temperature, surface area and pore
size on dyes adsorption.

Moreira et al °

studied the removal of dyes by using high ash char.
Thermodynamics and kinetics of reactive dyes was taken into consideration, Equilibrium
data were obtained using the static method with controlled agitation at temperature in the
range of 30°C to 60°C. Langmuir isotherm model was used to describe the equilibrium of
adsorption and the equilibrium parameters, Ry in the range of 0 to | indicate favorable
adsorption. The kinetic data at 30°C to 60°C were presented for controlled agitation at 50
rpm and constant temperatute with dye concentration in the range of 10 ppm to 50 ppm,
Results indicated the diffusion controlled the adsorption rate.

!l]-l

Mesko et al ™" worked out isotherms for the adsorption of basic dyes from aqueous

solutions on different adsorbents. The equilibrium of adsorption of two basic dyes, MS-300
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and MG 400, on activated carbon was studied at 20, 40 and 60°C. The experimental
equilibrium data was fitted by the Langmuir, Freundlich, Langmuir-Freundlich and Redlich
Peterson models. Freundlich isotherm has shown best agreement with the equilibrium data
for all dye carbon systems. Temperature slightly increased the adsorption capacity.
Tanthapanichakoon e.r. al "% carried out the liquid-phase adsorption-desorption
process and ethanol regeneration efficiency of an activated carbon prepared from waste ﬁ.rcs.
Adsorption experiments revealed that thc. prepared activated carbon possesscd a larger
adsorption capacity for two reactive dyes, black 5 and red 31. It was ascertained that the
prepared activated carbon exhibited less irreversible adsorption of dyes. The ethanol
regeneration efficiency of the prepared activated carbon saturated with dyes was higher than
the commercial activated carbon. Due to the superior liquid-phase adsorption-desorption
r:;haraclcristics as well as higher ethanol regeneration efficiency, the prepared activated
carl;on could be used for wastewater treatment, especially for adsorbing bulky adsorbates.

Albanis et al '°

investigated the removal of dyes from aqueous solution by
adsorption column techniques. The logarithmic form of Freundlich equation was applicd and
was found in high lincarity. The constant “K" was found to increase with affinity between

adsorbent surface and adsorbate concentration.

Wilson et al '**

used bone charcoal for the decontamination of pq!luted water. The
charcoal was used in batch and column experiments designed to investigate the sorption of
two cationic metals Cu and Zn. The data from batch experiments fitted the Langmuir
iéuthenn and so the theoretical maximum binding capacities were obtained. These values

were compared with experimental values derived from the column experiments. The

mechanisms involved in the immobilization were also investigated.
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Choy et al '** studied the adsorption of copper, cadmium, and zinc, onto bone char in
terms of cquilibrium and rate studies. Maximum sorption capacities for the metals found
from the Langmuir isotherm were 0.477, 0.709, and 0.505 mmol g”! bone char for cadmium,
copi:rcr, and zinc ions, respectively. The kinetic experimental data was used to analyze the
cllect of external film boundary layer and intraparticle mass transfer resistance on the
sorplion process and its significance. Four methods for determining the external film
transport coelficient were developed and tested: three utilized experimental data to obtain the
cocfficient and the fourth method was completely empirical. The three experimentally based
models gave similar results and consequently similar values of the deviation error values,
whereas the error values for the empirical correlation were greater than these three values.
The results demonstrated that the methods for determining the film coefficient could be
ilntngratcd into more complex diffusion-transport model such as film—intraparticle diffusion.

Zhou et al " described electrochemical process for the regeneration of activated
carbon loaded with p-nitrophenol. The regeneration parameters such as current density,
liquid flow rate, NaCl concentration and regeneration time were systematically investigated.
Under the nptiml;.m conditions, the regeneration efficiency of AC was reached to 90% in
1.5h, and no significant declination was observed after five-time continuous adsorption—
regeneration cycles. It was confirmed that the adsorption of organic pollutants had occurred
in the micropore of activated carbon. The regencration was mainly due to the decomposition
of organics by the attack of active species such as hydroxyl radicals that were generated by
electrochemical oxidation. The time-space production for activated carbon ri:glelmratiun was
gﬁal!y improved in the investigated modified process. Then it was concluded that the

regeneration process has much more potentially cost-effective for the application,
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Brown et al """ studied the removal of crystal violet dye solution using a non-porous,
clectrically conducting carbon-based adsorbent. The adsorption process was very quick (88%
of equilibrium capacity was achieved within 2 min) and the adsorptive capacity of the
adsorbent was very low (2 mg g '). This was due to its low surface area. The loaded carbon-
based adsorbent was regencrated with respect to current density, treatment time,
concentration and thickness of the adsorbent bed. Multiple adsorption and regeneration
cycles indicated that there was little or no loss in adsorbent capacity on regeneration.

Sabio er al "' studied the thermal regeneration of carbon, saturated with p-
nitr-::fplmnal. Three thermal regeneration methods were tested: (1) pyrolysis, (2) pyrolyis-
gasification and (3) direct gasification wlith air and CO,. The results showed that the
pyrolysis treatment does not completely eliminate the contaminant from the carbon and the
réccvery of the initial adsorption properties was low. CO,-gasification yielded to a complele
regeneration as compared to pyrolysis-gasification and direct gasification. The air-
gasification produced lower regeneration properties, although direct air—gﬁsiﬁcatinn was 87%
recovery. The results suggested that thermal regeneration could be carried out in a single

step, simplifying the process and reducing the operation cost. Morcover, CO; was found to

recover Lhe initial carbon more than air,

Tamon er a/ " studied the solvent (ethanol) regeneration of spent activated carbon
loaded with organic compounds, and the industrial wastewater. High regeneration efficiency
was achicved except for aromatic compounds substituted by electron-donating groups.
Efficient regeneration was carried out using an electron-donating solvent such as N.N-
dimethylformamide, where ethanol regeneration was not effective. The soivum regeneration
of carbon loaded witll'.u phenol was studied using fixed-bed runs. It was found that ethanol and

toluene showed high regeneration efficiency. The column desorption of phenol was
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simulated and gave good agreement with observed results. The regeneration efficiency of
ethanol and toluene was 80% after five regeneration cycles.

Ania et al " studied the mgermratil;n of activated carbon previously exhausted with
phenol. For this purpose two experimental devices were used: a single mode microwave
device operating at 2450 MHz and a conventional electric furnace. By cmpiuying microwave
energy, the regeneration time was considerably shortened compared to conventional thermal
heating. Morcover, microwave heating preserved the porous structure of the regenerated
activated carbon more efficiently than treatment in a conventional device. In both cases
successive regeneration cycles reduced the microporosity of the activated carbons. However,
conventional heating shifled the micropore size distribution to pores of narrower sizes. The
BET surface areas were also reduced significantly over the regeneration cycles. A loss of the
aldsnrplive capacity of the carbon material was observed after six adsorption—desorption
cycle in both systems. The phenol adsorption capacitics decreased to a greater extent in the

samples regencrated in the electric furnace.

! '™ studied the wet oxidative regeneration (WOR) of spent powdered

Shende er «
activated carbon (PAC) and granular activated carbon (GAC) loaded with lhc-rcaclive dyes,
namely chermictive brilliant blue R and cibacron turquoise blue G. A slurry (ll‘.}% wiv) of
spent carbon in distilled waler was oxidized by wet oxidation in the temperature range of 150
- 250 °C using oxygen partial pressures between 0.69 - 1.38 MPa in autoclave. The percent
regeneration was determined from a ratio of Xe(RC)/Xe(VC), where ( Xe(RC) was the
equilibrium adsnlrpliun capacity of regenerated carbon and Xe(VC) was the equilibrium
adsorption capacity of virgin carbon) from the initial adsorption period of 3 h. It was

observed that the regencration mainly occurred due to the oxidation of the adsorbates taking

place on the surface of carbon. It was possible to regenerale the spent GAC and PAC to the
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extent of more than 98% (approximately X(RCYX(VC) > 0.98) by wet oxidation. After four
consecutive cycles of adsorption and regeneration using the same stocks of GAC, carbon
weight loss observed at 200 °C was about 40%. SEM studies of the regenerated carbon
showed widening of the pores and loss of structure between the adjacent pores. PAC was
found to be more suitable as compared with GAC for the adsorption dand wet oxidative
regeneration processes to treat the aqueous solution containing lower concentration of
unhydrolyzed reactive dye.

Bagreev et al " studied the thermal regencration of spent coconut shell-based
ucli;.ramd carbon exhausted with hydrogen sulfide adsorbent in three successive
adsorption/thermal regencration cycles. The regeneration of exhausted carbon was done by
heating the samples at 300°C. The observed changes in the capacity were linked to changes
in surface chemistry and pﬁmslil:f. Heating in air atmosphere resulted in the removal of sulfur
dioxide and oxidation of elemental sulfur to sulfur oxides. All sulfur from small pores was
removed and the pore structure was 100% regenerated. The results showed that the capacity
of the carbons to adsorb hydrogen sulfide could be regenerated to at least 30% of its initial
value.

Huling er al " chemically regenerated the spent activated carbon by using Fenton
mct?hanism pre-loaded with methyl tert-butyl ether (MTBE). Two successive regeneration
cycles were performed involving iterative adsorption and oxidation processes: MTBE was
adsorbed, oxidized, re-adsorbed, oxidized and finally re-adsorbed. Oxidant solutions
comprised of hydrogen peroxide (H;04) (1.7-2.0%) and FeSOs7H;0 (3 g/L) (pH 2.5) were
re-circulated through the carbon column (30% bed expansion). The regeneration efficiency
afler two full cycles of treatment was calculated to be 91%. The regenerative cost of H,0;

cycle was also calculated. There was no loss of sorptive capacity. Small reductions in carbon
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surface area and pore volume were detected. The lack of carbon deterioration under
aggressive oxidative conditions was attributed to the oxidation of the target contaminants
relative to the oxidation of carbon surfaces,

Brown ef al '*’ demonstrated the removal of atrazine using a nével carbon-based
adsorbent to below 1.0 ug 1" and its subsequent electrochemical regeneration in a simple
electrochemical cell. Effective electrochemical regeneration was achieved with a treatment
time (20 min) over a number of adsorption/regeneration cycles. The results suggested that
élm:.tmclmmicai modification of the particulate surface on electrochemical regeneration

resulted in adsorptive capacities three times greater than originally achieved.

Ania et ‘al '®

studied the regeneration of activated carbons used for the
decontamination of water and wastewater polluted with organic compounds related to the
ﬁhannn::nulical industry. The thermal heating of exhausted activated carbons was performed
in a quartz reactor. The influence of the pyrolysis of saturated activated carbons on their
adsorptive capacities and porous structure was evaluated. Textural charalctcrizmian of the
samples was carried out by helium density, N; and CO; adsorption isuthcnné. at =196 and
0°C, respectively. Consecutive cycles of pyrolysis -of activated carbons exhausted with
phenol and salicylic acid generated a widening of the microporosity, and a decrease in the
apparent BET surface areas. The adsorptive capacities for phenol retention afler a series of
adsorption/pyrolysis cycles were found to decrease drastically. In contrast, consecutive
cycles gave hi ghr.:r salicylic acid adsorptive capacities, as compared to phenol. These results
provided evidence of the different adsorption mechanisms of pollutants used for adsorption.
Misra et al " regenerated the granular activated carbon (GAC) loaded with
trinitrotoluene (TNT) and nitrobenzene (NB) in the presence of nitrogen, oxygen, air, steam

and an air-steam mixture, at varying temperatures and for different time intervals for
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regeneration. The air-steam mixture proved to be the best regenerating media for the
explosive-loaded GACs. The regeneration of the activated carbon was found to be above
85% lor TNT and ubove 90% for NB loaded carbons.

Walker er al ' studied the removal of acid dyes, Tectilon blue 4R, Tectilon red 2B
and Tectilon orange 3G, from single component solution by adsorption on activated carbon
and bone char. Results from these experiments were successfully modelled using Langmuir
and Freundlich isotherm analyses. Nitrogen adsorption analysis was also undertaken and
indicated that the activated carbon had a much higher specific surface than the bone char.
Cal:::ulntions involving the p:;.rc size distribution data indicated that only 14% of the total
specific surface of the activated carbon is available for adsorption due to the high molecular
area and aggregation of the d}?e.

Choy and ‘M-::Kay ! studied the sorption of cadmium, copper and zinc from aqueous
solutions onto bone char in single and binary multi-component systems. Equilibrium
experimental studies were performed to determine the sorption capacity of bone char for each
metal ion. The isotherm results were analyzed using single and multi-component equilibrium
models. The rate of suﬁrptiun of the metal ions onto bone char were studied using an agitated
batch adsorber. The results of the equilibrium and rate studies were presented and discussed.
A serics of fixed bed column studics were performed and analyzed using a diffusion mass
transport model. The experimental results showed a displacement effect for the binary metal
ion breakthrough curves.

.I'IH

Koeta studied the sorption of copper and cadmium ions onto bone char in single

component systems using fixed-bed column adsorber. The effects of solution flow rate, initial
melal ion concentration and bone char particle size were investigated. A film-pore diffusion

model was developed for the prediction of fixed-bed breakthrough curves. Further analyses
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were carried out for the investigation of influence of the external mass transfer coefficient
(film resistance), the effective diffusion coefficient (pore diffusion) and the solid phase
loading capacity. ‘It was found that film diffusional resistance was low and the Biot numbers
were relatively high. Furthermore, constant effective pore diffusivity was not sufficient to
correlate the breakthrough curves accumtejy and a variable dependent effective diffusivity
was required, Therefore it was suggested as a surface diffusion.

Cheung er al "* carried out the adsorption of cadmium ions onto bone char using a
batch adsorber. The experimental data was analyzed by four sorption kinetic models, the
pseudo-first.order, the Ritchie second order, the modified second order and the Elovich
equations, to determine the best-fit equation for the sorption of metal ions onto bone char.
Th{-:. best-fit equation was identified using the sum of the errors squared (SSE). Finally,
clzqui[ibrium studies were used to evaluate the sorption capacity of bone char for cadmium
ions and cxpcrin';enlal results showed this to be 0.57 mmol g™’ at an equilibrium solution
concentration of 3.0 mmol dm™. Since the sorption capacity was relatively high, bone char
can be considered as a suitable sorbent for the adsorption of cadmium in wastewater
treatment systems,

Ko er al '* studicd the sorption of copper and cadmium ions in o fixed-bed column
with different feed concentrations, fow rates and adsorbent particle sizes (hm;e char). Pilot-
plant experimental studies were performed and two simplified design models, namely, the
BDST model and EBRT analysis were used for the data analysis, New correlations,
incorporating a time-dependent term were developed to compensate for the time required for
the bed to achieve equilibrium sorption capacity. Finally, predictions of the operating lines

on the EBRT plots were correlated for the two metal ion sorption systems used.
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I "% carried out the decolorization of Reactive red 3GL and Acid

Ravikumar et a
brown 29 from aqueous solution by the adsorption technique on hybrid adsorbent of carbon
and. flyash (1:1) with respect to pH, temperature, particle size and time The optimum pH,
temperature, particle size and time were found to be 10.8, 59.25°C, 0.0525 mm, and
395 min, rcspecti;-'cly, for reactive red 3GL and those for acid brown 29 were 1.4, 27.5 °C,
0.0515 mm and 285 min, respectively, Complete removal (100%) was observed for both the
dyes using the hybrid adsorbent.

Malkoc er al "** studied the adsorption efficiency of waste of a tea factory from nickel
containing aqucous solulions was investigated. All experiments were cﬂnd;mlcd in fixed-bed
columns. Experiments were carried out as a function of liquid flow rate {5;-—2{1 mL/min),
initial Ni'* concentration (50-200 mg/L), bed height (10-30 em), pH of feed solution (2.0-
5.&)_ and particle size (0.15-0.25 to 1.0-3.0 mm) of adsorbent. The total adsorbed quantities,
equilibrium uptakes and total removal percents of Ni*? related to the effluent volumes were
determined by evaluating the breakthrough curves obtained at different flow rates, different
inlet Ni*? canccnt.ratiuns. different pH values, different bed height and difTerent particle size
for waste tea. The longest breakthrough time and maximum of Ni*? adsorption was obtained
al pH 4.0. Decercase in the particle size from 1.0-3.0 to 0.15-0.25 mm resulted in significant
increase in the treated volume, breakthrough time and bed capacity. The results show that the
column performed well at lowest flow rate. Also, column bed capacity and exhaustion time
increased with increasing bed height. When the initial Ni*? concentrations were increased
f'fum 50 10 l;ﬂﬂ mg/L, the corresponding adsorption bed capacity appeared to increase from
7.31 to 11,17 mg/g. The bed depth service time (BDST) model and the Thomas model were
used to analyze the experimental data and the model parameters were evaluated. Good

agreement of the experimental breakthrough curves with the model predictions was observed.
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Summary of review of literature: This dissertation present a novel d;na about the
characterization and regeneration of carbonization substrate produce from biotic precursors
and its use for the wastewater treatment. The innovative element of the present work is given
below.

I The activated carbon was prepared at 300 °C to 1000 °C carbonization temperature
from such type of precursors which were not reported earlier i.c. Pawlownia
tomentosa, Populus caspica, Ailanthus altissima and Salvadora oleoides.

2. The BET surface areas of the prepared carbons were determined and then reported.

3. The nature of carbon surface functionalities were determined by FTIR spectroscopy
and the results showed that the carbon surface acquired acidic character with
carboxylic, ether etc groups. The effect of activation temperature on the surface
functional groups was also studied. Such trend neither reported by earlier
investigator.

4. In XRD the phases on the surface of carbon were determined which were not reported
earlier.

5. In EDS the % atomic carbon were determined in different activated carbon samples
which reveal that with the increase in activation temperature the carbon contents
increases while oxygen contents decreases which is totally new,

6. The prepared activated carbon samples were then used for removal of dyes i.e. acid
blue 1, Brilliant blue R, acid yellow 29, acid yellow 34, acid orange 7 and acid orange
10 for the present study and was used for the first time and not reported carlier.

7. Adsorption kinctics studics were carried out at 10°C and 45 °C and various initial dye
concentrations for different periods (in seconds) were used which are totally
innovative.

8. Different kinetic equations such as first order, Bangham and parabolic diffusion law
for the derivation of various kinetics constants. Thermodynamic parameters like
standard Gihb’s free energy (AG®), standard enthalpy (AH°) and standard entropy
(AS®) were evaluated from the innovative data,

9. Equilibrium data was analyzed by Freundlich, Langmuir and DR isotherms.

10. The spent carbon collected from the FUJI Corn complex Nowshera was regenerated

* and then the adsorption properties were investigated which was not regenerated
carlier.
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3. MATERIAL AND METHODS
3.1. Adsorbent

3.1.1. Preparation of carbon

The source materials used were of the wood of plants are given in table 3.4 and
Animal bones were collected and heated continuously for 8 hours on a flame bumer in a
specially designed iron container with an outlet for the emission of volatile matter. Carbon
obtained (about halfl of the mass of wood used) was cooled in the container and ground with
the help of pestle and mortar and screened with US standards mesh 150-180 p m. It was then
treated with 0.5 M aqueous solution of KOH for 24 hours with occasional stirring. The
mixture was then [iltered and washed with double distilled water for the complete removal of
basicity. The carbon was then leached with standard 0.2N nitric acid and hydrochloric acid
solutions in the ratio of 1:1, prepared from concentrated nitric acid and hydrochloric acid
(70% and 36%, Merck respectively) and allowed to stand for 24 hours at room temperature
with regular mixing, It was then filtered and washed with double distilled water until free
from CI” and NO;™ ions. The carbon thus obtained was then air-dried in an oven at 105 + 2°C.
This treated carbon was then extracted with n-hexane for two hours in a soxhlel extractor and
allowed to dry for 8 hours in a vacuum oven, The sample was then degassed by placing in
silica (Si0;) tubes and heated at 400 and 800 °C in a tube furnace (FS. 215 Gallenkamp
England) with a vacuum facility. The samples thus obtained were allowed to cool and stored

under nitrogen atmosphere. The schematic diagram of the preparation of activated carbon is

given in Fig. 3.7.
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3.1.2, Regeneration of spent carbon

Spent carbon in slurry form collected from Fuji com complex was soaked in double
distilled water for 24 hours and then dried at 100 °C £ 1 °C in an oven. The carbon when
cooled, was ground with the help of pestle and mortar and screened with US standards mesh
150-180 um. Thc meshed carbon was then treated with standard 0.2N nitric acid and
hydrochloric acid solutions in the ratio of 1:1, prepared from concentrated nitric acid and
hydrochloric acid (70% and 36%, Merck respectively) and allowed to stand for 24 hours at
room temperature with regular mixing. It was then filtered and washed wi}h double distilled
water until free from CI” and NOj™ ions. The carbon thus obtained was air-dried in an oven at
105  2°C. This treated carbon was then extracted with n-hexane for two hours in a soxhlet
e.xtractur and allowed to dry for 8 hours in a vacuum oven, The sample was then subjected to
thermal treatment by taking it in a silica tube opened at both ends, and placed in a tube
furnace (FS. 215 Gallenkamp England) at 300 — 1000 °C, such that at the one end air was
introduced at low pressure for oxidation and at the other end the combustible matter was
emilled. The carbon was then allowed 1o cool and then transferred 1o a degassing siliea tube
having onc end closed and the other attached to a vacuum, The degassing was done at 300 -
1000 °C in a tube furnace for one hour. The activated carbon samples were stored under

nitrogen atmosphere. The regeneration layout is given in Figure-3.8 and 3.9.
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Figure-3.8; Thermal negeneration of spent carbon
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3.1.3 Characterization of adsorbent '

3.1.3.1 pH

One gram of the activated carbon sample was taken in a 100 cm® beaker and added 50
cmj_ of freshly boiled and cooled to 20'C CO; free double distilled water. The suspension was

uniformly mixed and pH of the suspension was measured by pH meter with combined glass

electrode.
3.1.3.2. Moisture contents

One gram of carbon sample was taken in a china dish and covered with a watch glass
and then heated in a vacuum oven at 105 + 2°C for two hours. The china dish having the
carbon contents was cooled in a desicator and weighed. The procedure was repeated three
times for the same samples until a constant equilibrium weight was attained. The percent

weight loss was then calculated as percent free moisture.

Weight loss during hcatingn

" t 7 =
Moisture (%) weight of sample

100 (1

3.1.3.3. Ash contents

One gramlnf carbon sample was taken in a porcelain crucible and ignited at 600 °C in
a Muffle furnace with the door partially open, to provide good circulation of air until the
carbon has been completely burned, After ignition the crucible was allowed to cool in the
fumace and then transferred to a desiccator. Weight of the cooled qmr:ib!e was then
determined. The procedure was repeated (mostly three times) until a constant equilibrium
weight was obtained. The percent weight loss was then calculated,

weight of ash

Asl tent (%)=
¥ eositent (48 weight of sample

100 (2)
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3.1.3.4. Bulk density

250 em” graduated cylinder containing water and one gram of carbon sample was
weighed. The eylinder and the contents were avoided from any agilation before weighing,
The apparent density was calculated by dividing the weight of the carbon in gram by the

volume of sample in cm’,

J.1.3.5. Surface area

BET-N; adsorption experiments were carried out manometrically at -196 °C using
Quantachrome NOVA 2200 surface area and pore size analyzer. Surface arca was obtained
by applying the standard BET equation to the adsorption data in the relative pressure (P/P,)
range: 0.05 - 0.85, The values of 0.81 g em™ and 16.2 x 10%° m? were used for the density of
liquid nitrogen and the molecular area of adsorbate nitrogen at -196 °C, respectively. The
pore size distribution was determined by DR method using the NovaWin2 data analysis

software '%7,

3.1.3.6. X-rays diffraction (XRD)

X-ray diffractometer (Rigaku) was used Lo record X-rays intensitics scattered from
the examined carbon samples. Cu K, radiation (35 KV, 20 mA) was used as an X-ray source.
Samples were packed into a rf;:clnngular cavity in an aluminum holder and scanned in a step-
scan mode (0.05%step) over the angular range of 7-30° (26). The observed intensity curve

was obtained in arbitrary unit (CPS). The sample spectra were analyzed with the help of

origin 50 XRD computer soft ware.
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3.1.3.7. FTIR

Transmission infrared spectra of the carbon samples were obtained by using 8201PC
Shimadzu Fourier Transform Infrared Spectrophotometer along with FTCOM-1 computer
mn;mi disc unit. The alkali halide (KBr) pellet technique was used. Potassium bromide
(Spectrosol BDH), was well dried and stored in a vacuum desiccator bc!‘ar;e use. The sample
was ground and vacuum dried (110°C and 10 torr). Various ratios of carbon ;md potassium
bromide were tried, until spectrum with an acceptable resolution was obtained. The test
showed that the ratio of carbon to potassium bromide was best at 1:1 (w:w). In the procedure
the carbon sample of approximately 3-5 mg was correctly weighed and then mixed with
polassium bromide. This mixture was finely pulverized in porcelain container afier which the
pellet of weighing 70£2 mg was hard-pressed in a 13 mm die for 4-5 minutes under a load of
10 tons. The resulting pellet was 0.5mm thick. Since potassium bromide is hygroscopic, the
pellet was dried in a vacuum oven (110°C, 10 torr). It was found that drying the pellet for 12
hours removed all detectable traces of water. The pellet was dried overnight and kept in a
vacuum desicator to keep away from any moisture absorption. The IR absorption bunds of

the samples were obtained in the region of 500-4500 em”',
3.1.3.8. SEM

Scanning electron micrographs of the samples were obtained by mounting the sample
on aluminum discs (1 em x 0.25 cm) and by using scanning electron microscope (SEM-
Model-JSM-5910, Japan JEOL) with energy dispersive spectrum (EDS -INCA 200 Oxford

Instruments) for elemental analysis.



3.2. Adsorbate

3.2.1. Dyes
The adsorbates used were triphenylmethane and azo dyes, supplied by Sigma-Aldrich

(Milwaukee, USA). The stock solutions of the dyes were prepared from which the standard
working solutions were prepared in doubly distilled water. The chemical structure and trade
name used of cach dye is shown below (A-F).

A. Acid blue 1

Catalogue No, = 19, 821,
Dye contents = 50%,
Formula weight = 566.68
X max- = 635nm
pKa N = 1.995 x 10
2 HsCH
TN/

|
CHYCHN © @
b ES UENE

/

CH 3C H:

Figure-3.1: Chemical structure of acid blue 1

B.  Brilliant blue R

Catalogue No. B 37,920
Dye contents = 50%,

Formula weight = 825.99
A mi = 588 nm

pKa . = 7.94 % 107



C.

D.

CHaCHy

Figure=3.2. Chemien! struetire of Dirilliang blue )R

Acid yellow 29
Catalogue No. = 21.036-6
Dye contents = 60%
Formula weight = 569.98
s = 409 nm
pKa = 2.82 x 107

NaO4

Figure-3.3: Chemical structure of acid yellow 29
Acid yellow 34

Catalogue No. = 20, 200-2
Dye contents = 75%,
Formth weight = 414.81
L = 408 nm

pKa = 5.01 x 10*

43
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SO3Na

Figurc-?;.-#: Chemical structure of acid yellow 34

E. Acid orange 7

19, 523-5
Dye contents 90%,
Formula weight = 350.33

Catalogue No.

2 I = 483 nm
pKa = 7.94 x 107
HQ

ot

- Figure-3.5: Chemical structure of acid orange 7
F. Acid blue orange 10

Catalogue No. = 86. 128-6
Dye contents - 90%,
Formula weight - 452.38
r — = 475 nm
pKa - 5,62 % 107
H
: N
Nﬂﬂ;g
D;Na

Figure-3.6: Chemical structure of acid orange 10
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3.3. Adsorption studies

3.3.1. Equilibrinm time

0.2g of carbon sample was taken in a series of seven reagent bmﬂesland 20cm’ of dye
solution was added to cach. Two different initial concentration of the dye were .mke:n for each
carbon sample (Table 3.1). The contents of the bottles were shaken in thermostated water
bath shakers at 25°C (Gallenkamp Brit. Pat. No. 882942) for different time period of 0.5, 1,
2, 4, 6 and 8 hour using. The pH was noted before and after the shaking period with pH
meter, The slurry in each ﬂasI;: was filtered through ordinary filter paper, discarding the first
5 em’ portion tlaf the filtrate. The clear filtrate was then analyzed for the residual
concentration of dye contents by uv-visible spectrophotometer. Blank determinalions were

performed under similar experimental conditions. The amount of dye adsorbed (De, mol.g”)

was calculated '*°.

D,-D
D,=——2YV 3
. = (3)

Where D, and D, are the concentration of dye in solution (mol.dm-3) at t=0 and (=

respectively, V is the volume of solution and W is the weight of carbon.

Table 3.1 Initial concentration of dyes for the equilibrium time on carbon samples

= —— i b —— —
Initial concentration of the dyes (mol.dm” x 10%)
Carbon sample -

Acid blue | Brilliant blee R | Acid yellow 34 | Acid yellow29 | Acid orange 7 Acid orange 10
Paulowsla tewicitasa (PT) 3.000 | 6.000 | 2.000 | 4.000 | 3.000 | 6.000 | 4.000 | 8.000 | 2.000 | 4.000 | 2.000 | 4.000
Populas caspicn (PC) 1.000 | 6.000 | 2.000 | 4.000 | 3.000 | 6.000 | 4.000 | 8.000 | 2.000 | 4.000 | 2.000 | 4.000 |
Carn cobs (CC) 3.000 | 6.000 | 2.000 | 4.000 | 3.000 | 6.000 | 4.000 | 8.000 | 2.000 | 4.000 | 2.000 | 4.000
Allanthis altissimafsA1) 3.000 | 6.000 | 2.000 | 4.000 | 4.000 | 8.000 | 4.000 | 8,000 | 2.000 | 4.000 | 2.000 | 4.000
Siuhvaelorn olvoides (5O 4.500 | 9.000 | 1225 | 24.50 | 15.00 | 30.00 | 20.00 | 40.00 Il;l,{li.] 40.00 | 10.00 | 20.00
Andnral baves (ABC) 4.500 | %000 | 1000 | 20,00 | 20,00 | 40,00 | 20,00 | 40,00 | 20,00 | 40.00 | 20.00 | 40.00
Regenerated (RG) 4,500 | 9.000 | 8.250 | 16.50 | 30.00 | 60,00 | 20.00 | 40,00 | 20,00 { 40.00 | 20,00 | 40.00

s [r——n
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3.3.2. Kinetic study

0.2g carbon sample was taken in syringe fitted with 0.2um filter paper adopter

(Hamilton CO.; Reno Nevada) and 20cm’ of dye solution of initial concentration as shown in

Table 3.3 was added to the syringe. The contents of the syringe were shaken at 10°C and
45°C for the duration of 5, 10, 15, 20, 25 and 30 seconds respectively, The slurry was filtered
{hrc:ugh the same syringe. pH was noted before and after filtration with p}:f meter. The clear
filtrale was then analyzed for the residual concentration of dye contents by uv-visible
spectrophotometer. The amount of dye adsorbed (Do, mol.g”*) was then calculated.

Table 3.2 Initial concentration of dyes for the adsorption kinetics on carbon samples

— L
Initial concentration of the dyes (mol.dm™ x 107
Carbon sample Acid blug Brilliantblue | Acid yellow | Acidyellow | Acidorange | Acid orange
1 R 34 29 7 10
das —
| Paulownia tomeniosa (P'T) . 2.000 3.000 3.000 1.000 3.000 2.000
| Populas caspica (PC) 2.000 3.000 3.000 3.000 3.000 2.000
|
Corn cobs (CC) 2.000 3.000 3.000 3.000 3.000 2.000
Aflanthus altbvimafd) 2.000 3.000 3.000 3.000 3.000 2.000
Salvadoera aleoides (50) 1.100 7.200 10,00 §.000 8.200 4,800
Auimal bones (ADC) 1160 7.200 10.00 20.00 10.00 6. 000
Regpenerared (RG) 1.350 6. 5010 B0 2,000 1B.tH) 4. 800
- -1

3.3.3. Adsorption Isotherm

20em” of dye solution of different concentration (Table 3.3) were taken in a series of
reagent bottles each cuntaining 0.2g of carbon. The bottles were then shaken in thermostated
water bath shaker 10 °C and 45 °C for 2 hour equilibrium time, The slurries were then filtered
through ordinary filter paper by discarding the first § cm® portion of the filtrate. The filtrate

was then analyzed for the dye concentration using uv-vis. spectrophotometer.



Table 3.3 Initial concentration of dyes for adsorption isotherm on carbon samples
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—_ m—— . _— — S —
r 1 Initial concentration of dyes (mol.dm™)
Carbon sample .
. Acid blue Brilliant blue Acid yellow Acid yellow Acid orange Acid orange
| [t 34 29 7 10
To T — e —_ o
Paulownia tomentosn (PT) 30-23 % 10 | 1.00-4.5%10% | 1.0-4.1%10* | 1.0-46x10" | 1.0 - 4.6<10" 1.0 - 4.6x10°
| Poputas caspica (PC) 30-23%10° | 1.00-4.5%10° | 1.0-4.1%10* | 1.0-4.6%10* | 1.0-4.6x10" | 1.0 - 4.6x10"
Corn cobs (CC) 30-23x10% | 1.00-4.5%10% | 1.0-4.1%10* | 1.0-4.6x10" | 1.0- 4.6%10" | 1.0 - 4.6x10"
Altanthus aliissima(AA) 3023 % 10 | 1.00-45%10% | 1.0- 405107 | 1.0-4.6%10% | 1.0-4.6<107 | 1.0. a.6x10"
Salvadora olevites (SO) 1.0-10< 107 | 24-52%10° | 16-56x10* | 8.0-26x10% | -6-27x10° | 3-17x10°
IAmm:mesmsc; 4.0-18<10% | 5-26x10% | 10-100x10* | 32-60 x10* | 10- 10010° | - 40 x10°
Regenerated (RG) I 1.0-24% 107 | 11234 % 107 | 50-120%10° | 32-68 10 | 10-70=10° | §-40x10”
e - T — e =

3.3.4. Waste water treatment (column study)

Continuous adsorption experiments were performed by using a column packed with
the activated carbon. Glass columns with a glass disc having pores of 5mm diameter, fixed at
the bottom of each for supporting the ordinary filter paper, were designed. The column was
used for removal of dye in solution and the heavy metals from the industrial effluents of
Omar glass industry in Peshawar.

The wastewater sample was collected from Omar glass industry in clean polyethylene
bottle. The wastewater sample was [irst filtered for the removal of the suspended particles
through ordinary filter paper by discarding the first Sml. The filtrate was adjusted to pH 5.5
by the drop wise addition of 0.01M HCI:HNO; (1:1) solution, and analyzed for Ni*2, Zn*?
and Cu™ by atomic absorption spectrometry. The working solution of acid blue 1 (1.0 %107
molLdm’) was prepared from the stock solution. One of the column was packed with 4g of
carbon activated at 400 °C and the other with carbon activated at 800 °C. Dye solution and
the industrial waste water was passed through the columns at the flow rate of Sml min"', The
outflow samples were then collected after each 5 minutes up to 90 minutes total time, and

analyzed for their residual concentration of the metal ions.



Capped end

A Influert
—Carbon bed

Perforated disc

Flow regulator
Effluents

Figure-1.1: Diagramatic representation of column study
3.4. Reagents

The following reagents of analytical grades were used in the study.

* Hydrochloric acid (36%) Merck
o Nitric acid (70%) Merck
* Potassium hydroxide Merck
= n-hexane Merck

* Dyes Sigma Aldrich

Table 3.4 Plants used as wood source for the preparation of activated carbon

— — = —
Botanical name Class Order Family Collection
of plants Locations
Iz _

Populus Caspica Dicotylidenne Salicales Sulicacene Swat
Pawlownia Dicotylidenae Tubiflovae Scrophulariaceae * PFI
Tomenlosa

Salvadora Olevides Dicotylidenae Oleales Salvadoraceae Peshawar
Ailanthuy Miivsima Dicorplidenae Ruetales Slmuaronbacene Swat
Corn cobs Monacatylidenae Graminales Pouceae Swat
fagro wasie)
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Table 4.1 Some characteristics ol earbon samples

Carbon sample pH I'the carbon | :h cunlen . Moisture content Bulk density ]
| i " . T FR ... -

0.600

2.20

1.90

2.99 . 0.05

5950 : |.50

8.850 0.600

AMANTHLE
ALTIRANLA

9.990 0.4200

B, 10000 0.90000 270.500

A00°C 7.9500 0.5000 262.00

6o °C 8.7000 0.3300 255.80

800°C 11.300 0.1500 246.00

:
:
:

900°C 11.450 0.0500 238.50

Loontc 11490 aatn 232,50

400°C 6.190 10.000 242.00

600°C 6.950 0.8000 220.0

s00vc 7,300 . 206.00

REGENERATED

900°C 7.690

1.530

9.7000

9.1000

9.5000

10,390

ANIMAL BONES CHARCTIAL

10.630




Table 4.2 Surface area and pore size distribution of carbon sam les

- Surface area (m”/g) Pore size distribution
g i) Methods BJH method DR method |
E Detmesing | ger BIH | LSA DR v;u;n: ﬂimﬂ M\:;m P:r:c::%ﬁ:h Eﬁ;y
] (MP) (eeig) (A) (ce/g) (A {k)/mol
LB Raw 79.810 | 97.85 | 3349 | 8506 | 0.0 23.95 0.030 11337 2.290
E E s00°c | 165.80 | 107.3 | 252.87 24138 | 0.05 13.96 0.090 52.36 4,960
= .
g E S00°C .| 219.98 | 224.89 | 346.38 | 311.22 | 0.100 | 13.68 0.110 65.29 3.980
o Raw 37.830 | 38.20 | 127.63 | 41.84 | 0.010 | 1088 0.010 110.23 2.360
2% —=
§ g 400°C | 360.84 | 152.35 | 546.88 | 528.74 | 0.040 7.160 0.190 50.090 5.190
=3 S00°C | 398.29 | 261.76 | 688.70 | 644.68 | 0.130 | 14.190 | 0.230 52.590 4,940
8: Ranw 68.809 | 38.09 | 14230 | 4187 | 0.010 | 1088 0.010 111,74 2.330 I
*é a0"C | 14041 | 8024 | z10.14 | 20063 | 0020 | 6.720 0.070 | 50.090 5.190
S| sooec |a23s 302.67 | 615.81 | 59233 | 0.130 | 13.30 0.210 48,690 5.340—
3 Raw 74.153 | 50270 | 111.49 | 42.700 | 0.020 | 21360 | o0.020 107.97 24 l;
g E 400°C | 337.16 | 247.87 | 516.64 | 49090 | 0.110 | 13740 | o0.170 54.990 4.?;
i “'E 800°C  f 387.28 | 200.24 | 577.85 | 55969 | 0.05 | 6.7600 | o0.200 47.670 5.4 sn—
Raw 2.190 | 0.580 | 3180 | 3.190 | 0000 | 13.480 0.000 20.760 |z.szul
400°C | 38.690 | 45.510 | 149,69 | 41,970 | 0.020 | 21.500 | o.010 112.360 2.31'3;
g 500°C | 162.75 | 109.19 | 244.37 | 23659 | 0.050 | 13.660 | 0.080 48.700 s.zqm;
= .
7-"% 600°C | 279.17 | 145.49 | 424.58 | 41231 | 0.070 | 14410 | o0.150 49220 | 5.2800
g 700°C | 312.06 | 216.48 | 482.94 | 457.66 | 0.100 | 14.090 | 0.160 57.000 | 4.5600
;‘% S00°C | 426.49 | 274.64 | 654.95 | 62430 | 0.30 | 14210 | 0220 | ss.460 4.&90—
900°C | 431.71 | 281,67 | 646.93 | 627.37 | 0.120 | 13660 | 0220 | 48.660 5.340
1000°C | 587.84 | 452.06 | 897.55 | 848.12 | 0210 | 13.520 | 0300 54,460 4.770 d



Table 4.3 Surface area and pore size distribution of carbon samples
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Data reduction
parameiers

[_ - Surface area (m’/g) ] Pore size distribution
i‘l E — Methods BJH method DR method
< gassing - pore | Micrapare M;amgu Ads,
‘ < ' BET BJH LSA DR volume | dmeler volume Porc Encrgy
| O (ce/g) (A) (ce/g) “;:;" (K3/mol
= ———— urm o T - — — -
| g | 600°C | 3882 | 4097 | 13509 | 13132 | 0020 | 13970 | 0050 | 42210 | 6.160
3 | 700°c | 12298 | 13878 235.42 | 203.60 | 0070 | 14010 | 0070 | 72500 | 3.500
E 800°C | 14023 | 244.25 | 300.02 | 276.13 | 0.040 | 18.64 0.100 §2.04 2430
% 900°C | 180,85 | 250.23 | 142.81 | 134.88 | 0030 | 2142 0050 | $5.130 | 4720
< | 1000°c | 28003 | 360.45 | 400.23 | 230835 | 0050 | 2137 0070 | 60250 | 4310
Spent | 40.190 | 44.73 | 8832 | 5021 | o010 | 90200 | 0020 | 99080 | 2.620
400°C | 94.480 | 102.60 | 157.43 | 13423 | 0050 | 13880 | o0os0 | 76810 | 3380
g | S0°C | 13145 | 15181 | 208.23 | 18484 | 0070 | 13380 | 0070 | 68500 | 3.790
g 600°C | 174.24 | 163.18 | 276.69 | 25277 | 0.08 | 13990 | 009 | 66470 | 3910
2 [ 700°C | 32180 | 231.18 | 491,14 | 46337 | 0050 | 13.7700 | o160 | ssa60 | 4.69
& [ so0c 34325 | 318.87 | 682.00 [ 61216 | 0170 | 13670 | 0220 | sss70 | asso
900°C | 397.18 | 319.84 | 606.05 | 57294 | 0.140 | 13860 | 0200 | sa770 | 4750
1000°C | 418.10 | 281.53 | 638.76 | 600.60 | 0.070 | 6.740 0210 | 55690 | 4.670
Chime CA corpon | 56044 | 426.86 [ 838.77 [ s06.19 | 0.190 | 13540 | 0290 | s1020 | s.100
Analysis gas = Nitrogen, Molecular Wt = 28.013, Cross section = 16.200 A/mel, Liguid Densily = 0,808 giee, Surface

tension = 8,850 ergdonr’, ENT Mol, Diameter (D) = 3,5400 A, EIT. Cell stem Diameter (e} = 4,00 s, Po override = 7600

_muntfg. Bath Temp = 74K, Press tolerance = 0.100/0.100 (ads/des), Equi. time = 60/60 scc (sdw/des). _
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Figure 4.7 FTIR spectra of animal bones charcoal (ABC) samples

°C, (¢) 900 °C, () 1000 °C
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Plate 4.2 SEM micrographs of Populus caspica (PC) carbon samples
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Plate 4.4 SEM micrographs of Ailanthus altissima (AA) carbon sample



Plate 4.6 SEM micrographs of regenerated (RG) carbon samples



Plate 4.8 SEM micrographs of dyes afler adsorption on carbon samples
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Table 4.4 EDS analysis of carbon samples

B Y| M 7 e
| Elemenis Tomentosa (PT) %

Weight Alomie Weight Waight Atomic
bl . B M T 1 - % __|




Table 4.5 EDS analysis of carbon samples

| Sample/
Degussed

Elements

Al Imu clharcoal

(ABC)

Sulvadora oleaides (50)

Repenerated (RG)

68

Weight (%)

Adomie (%)

Weight (%)

Alomic (%)

IWnighl (%)

Aomic (%)




Table 4.5 (continued) EDS analysis of carbon samples

69

Sample Elements Aitlanal bowe charconl Sulvadora aleaides (50) Regenerated fRG
Do | Weight (%) | Atomic (%) | Weight (%) | Aomic (%) | weighi %) | Atomic (%)
c 131.95 22.94 70,31 80.70 80,38 B8.00
o} 43.75 54.04 16.31 14.06 9.034 10.74
Na 0.850 0.740 0.300 0.180 XXXXX XXNXX
Al 0.300 0.220 XXXXX XXXXX 0.28 0.120
P 12.140 7.740 XKXXX XXXXX 0.540 0.320
5: Cl 0.2800 0.150 0.380 0.150 KXXNX XKXXN
= Ca 28.730 14.16 6.310 2.170 0.200 0.032
8 AXXXX XXXXX 5.600 2410 AXXXX Xxxxx |
Mg XXXXX XXNAN 0.260 0.150 XXXXX XXXAX |
K XXXXX XXXXX 0.530 0.190 KXXXX XXXXX
Fe XXXXX KXXXX XXXXX XXXXX 0.190 0.095
5i KXXXX AXXKX XXXXN XXNXN 1.560 0.700.
c 22.980 34.850 76.56 86.29 XXXXX XXXXX
O 41.710 47.500 10.32 B.730 XXXXX oo |
Mg 0.5200 0.3900 0.230 0.130 XXXXX KXXXX |
& P 10.830 6.3700 6.330 2140 | . xxxxx x|
‘ § Ca 23.960 10.890 6.330 2.140 XNNXX XXXXX
o<z Zn XXAXX NXXAX 0.050 0.010 XXNXX NENXX
| S XXXXX NXAXX 5.420 2.290 XXXXX XXXXN
\\ ] XXXXX XAXXX 0.440 0.170 XXX XXXXX
K XXXXX 0750 | 0260 XXXXAX _ XXXXX
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Figure 4.11 XRD spectrum of Ailanthus altissima (AA) Raw carbon sample
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Table 4.6 Adsorption kinetics of acid blue 1 on Paulownia fomentosa carbon samples
& at 10+C at45eC
E" Time . D, Dye-D, Dy D, De-D, D,
S| ® | pHx  Aby  (moltxi0®) (molLx10% (moligx10%) | PHu  Abs  (molfx10%) (moWlxi0") (molgxI0™ |
a3 6.E9 1. 240 LTI L2830 0.Z830 6.9% (] LiGh0 11,3400 03400
| 1w | 660 1130 15650 0.4420 04420 700 1820 1.5200 D.ANDD 0.4800
g | 15 b.50 1.100 15230 0.45300 00,4800 701 1.390 13900 06100 0.6100
2] 20 |oeds  Loso 1.4540 05500 10,5500 710 1370 1.3700 0,6300 0.6300
25 | 642 1000 .)850 06150 0.6150 T 1360 1.3600 0.6400 0.6400
0 | 640 0990 1.3830 10,6200 0.6200 211 1350 1.3500 0.6500 0.6500
05 | 640 G978 1.3500 D.650 0.650 7217 0960 1.3300 0.6700 0.6700
] bhd [.BXD 1.2200 0,780 0.7TRD T.31 0870 12100 10,7900 0T
1 s | eez  psi 11300 0.870 0.470 745 0800 11100 0.4900 0.8900
§ 0 | 665 o010 10700 0930 0.930 750 0700 | B300 09500 0950
5 | 666 0750 L0400 1960 0,960 752 0745 1.n300 09700 09700
| oesr o7 10250 0974 0,974 754 DTS L0200 010 0910
05 | %10 0772 - L0004 0.9306 . 09306 931 0660 09142 1.0857 1.0857
of © | o5 oske 0.7425 1.2575 1.2575 937 049§ 0.6856 13143 13143
- 15 | 930 opax 05545 1415 14150 9.40 0371 05139 1.4K60 1. 4860
g 20 92.35 0400 05541 1.4459 14459 241 0350 l.'HE-I:l 1.5152 1.5152
25 | v40  0am 05402 14597 14507 942  0.345 04779 15221 15221
3o | 945 oas0 05264 14736 14736 044 0,340 04709 1.5200 1.5200
Initial Coneentmation of AITDL) = 2 « |- oo, Adsorben dise » 0,2 g, Adusebate wolame=20 Ci Partiche vize=| $0- 180 pm, , pH af’ [, baforg on = 7.00,

Table 4.7 Adsorption kinetics of a 1 (F ==
: = at 10°C at 45 °C

D, DD, Dy D, Da-Dy, D,
(mol/Lx10%)  (mol/Lx10%)  (molig<10) (molLx10%  (mol/Lx10%)  (mobigx10%)

cid blue 1 on Populus casp carbon samples

1.8000 0.1991 0.1991 1.7700 0.2300
1.7000 0.3000 0.3000 16600 0,3400
1.6900 03100 03100 1 5900 0.4100
16600 0.3400 0.3400 1.4960 0.5040
1.6300 0.3700 0.3700 14710 0.5288
L6000 04000 0.4000 14450 0.5552
1.5029 0.497] 0.4971 14337 0,566
13575 0.6425 0.6425 12467 0.7532

1.2052 0148 0.7948 5 1.0223 09777
L1775 08226 0.8126 r 5 0.9697 1.0303
11633 08364 08364 ; 0.9538 1.0442
1.1497 0.8503 08503 ! : 08419 1.0581

1.4300 05662 0.5662 ; k 1. 37RO 0.6210
1,.2460 0.7532 0.7532 . 11770 (.8225
10220 09740 0.9780 1org 0.9690
(3.9700 1.0300 1.0300 \ " 0.9700 10300

1.0450
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Figure 4.15 Adsorption kinetics of acid blue 1 on Paulownia fomentosa (PT) carbon samples
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Figure 4.16 Adsorption kinetics of acid blue 1 on Populus caspica (PC) carbon samples
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Table 4.8 Adsorption kinetics of acid blue 1 on Corncobs (C

carbon samples

76

. at 10 eC atd5=C
E‘ Time D. DD, D, D, Do-D, D,
E|l @ Py Abu (molx 10 (wolilxio®) (molfgx10%) | PHw Abw  (molLx10%)  (moMLx10%)  (moligx10%)
os | 750 1350 1.8700 0.1300 0.1300 895 1300 1.8000 0.2000 0.2000
w | 710 1300 1 8000 0.2000 0.2000 823 1.200 1.6600 0.3400 0.3400
=] 15 | 682 1280 17700 0.2300 0.2300 £20 1120 15514 0.4490 0.4490
El 2 | a3 1200 1.7400 0.2600 02600 818 1,050 1.4500 0.5500 0.5500
25 | 670 1250 1.7300 0.2700 0.2700 8IS 1,000 13800 0.6200 0.6200
30 | 6es  1.240 17100 0.2000 0.2900 816 0995 1.3700 0.6300 0.6300
o5 | 930 1202 | 6650 0.0349 0,349 944 1,020 1.4130 0.5870 0.5670
1w | 950 1000 13452 0.0147 0.6147 947 0.850 1.1800 0.8200 0.6200
Eloas | seo  osso 1.2200 10,7800 0.7800 .53 0.800 11100 0.5900 0.8900
S| 2 | o062 os0 12000 0.4000 08000 | 956 0780 10800 0.9200 0.9200
25 | 965 0830 11800 0.4200 0.8200 060  0.760 1.0500 0.9500 0.9500
0 | 967 0845 1.1700 0.8300 0.8300 962 0750 1.0300 0.9700 0.9700
o5 | 967 o990 1.3714 0.6280 0.6280 9520 0.840 11630 0.8360 0.8360
o | 966 0860 11910 0.4086 0.8086 9.840  0.540 0.7800 1.2500 12500
; 15 | 968 0724 1.0030 0.9971 0.9971 9850 0.440 0.6100 13900 1.3900
®| 20 |.970 o068 0.8560 11440 1.1440 9.860 0400 0.5500 1.4500 1.4500
35 | 972 o4%0 0.6780 1.3200 13200 9830 039 0.5400 1.4500 1.4500
w | 94 oam2 0.6670 13300 1.3300 9870 0380 0.5200 1. 4600 4600
Tuivind Concentration aof AN = 2w il i, Advorbent =8} p Advevbaie volwores 28 O, Particle $8-180 . plit af B, - 788

ption Kinetics of acid blue 1 on Ailanthus alrissima AA) carbon samples

at 10 °C

. at 45°C
= | Time : D, Du-D, D, D. Do-D, D,
S| 6 | PHy  Aby  (mol1x10% (molLxl0Y (moligx10®) | pllx  Abu (mol/Lx16%)  (molLx10%) (moligx10®)
: . | SO0 01500 0.1500 B.60 1.100 1.5200 4760 04700
1mn 7.20 L0940 1.5100 0.4%00 04900 b 51 .00 AR DGR (L.GEOD
= 13 7.10 1,050 | 4530 01,5455 0.5455 £.38 0.900 1.2500 0.7500 0. 7500
E 20 T.00 0.99% 1. 3R00 0.6:200 0.6200 .30 0,880 1.2200 D. 780D 0.7800
! 25 6.90 0.995 1.3780 00216 0.6216 £.29 0.ET0 1 2000 0.8000 0.8000
o 30 06,83 0.994 1.3770 0.46230 0.6230 328 0.860 11900 0.8100 08100
0s .40 1020 1.5100 0.4%0 0,450 233 1.000 13800 0.6200 0.6200
j[+] 8.90 0.960 1.3300 .60 0,670 243 0.945 13100 0.6900 0.6900
1 s | o0 os9s 1.2400 0.760 0.760 945 0.870 1.2100 0.7900 0.7900
S| 0 | oas dss0 12200 0.780 0.780 948 0850  1.1800 0.5200 0.8200
15 8.20 0870 12100 {1.9090 0.790 n.50 0,840 1. 1600 0.B400 0.8400
0 0.25 0.865 1,2000 (.800 0,800 9.52 0.810 1. 1504 D.E500 0.8500
o5 | 1002 o985 13644 0.6355 0.6355 10.10 0,880 1.2190 0.7809 0.7809
| 1o 1,06 0862 1. 1940 (L8055 (.8054 10,12 0,790 1.0%t] 0.2056 0.9056
'.= 15 10.08 0.800 11082 08918 0.8918 10,14 0.680 00419 1.0580 1.0580
&| 20 | w10 o070 1.0389 0.9610 0.9610 10.15 0672 0.9308 1.0691 10691
0.9973 1.0026 1.0026 10,16 0.665 0.9211 1.0738 1.0788
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Figure 4.17 Adsorption kinetics of acid blue 1 on corncobs (CC) carbon samples
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Table 4,10 Adsorption kinetics of acid blue 1 on Salvadora eleoides (SO) carbon samples

79

= at 10°C at45°C
B | Time| - D. D.-D, D, D. D.-D, D,
S| @ | Plls Abn (maldx10%  (mollxl0%)  (molgx10Y) | PHn Abw  (melLx10%)  (mollx10% (molizx1t®)
s | 775 0534 0.7397 0.3603 0.3603 745 0502 0.6954 04040 DAG
o orIs 0uTe 0.6 5494 10,4406 0.4400 788 0450 04233 04766 0.4760
g | 15 | 196 043 0, 5984 05016 0.5016 789 0420 0.5818 0.51%2 05182
Sl 2 | 77 o420 0,5818 0.51%2 05182 782 0410 0.5679 0.5321 0.532
3 | 779 o400 0.5541 0.5459 0.5450 796 0390 0.5402 0.5597 0.5597
o | 782 0390 0.5402 05598 0.5598 797 085 05333 0.5667 0.5667
os | 782 0474 0.6560 04430 0.4430 788  045) 0.6240 0.4750 0.4750
m | 78 0370 0.5120 0.5880 0.5880 789 03M 0.4620 0.6380 0.6350
Pl o 783 0333 04610 0.6390 0.6390 796 0300 04150 06850 0.6850
§ 0 | 793 o030 0.4300 0.6700 0.6700 797 0.280 0.4000 0,700¢ 0,7000
25 | Tus 0008 14220 A THD 06740 799 0279 0.3860 0.7140) 0.7140
0 | 799 0292 0.4040 0.6960 0.6960 799 0.264 0.3630 0.7350 0.7350
o3 7.92 0325 04150 06400 0.6490 T.96 0.300 04150 0.6850 G850
ol © | 799 o2u 03140 0.7660 0.7660 799 0209 0.2890 08110 0E11D
- 15 00  0.200 0.2770 0.5230 0.8230 507 0170 0.2350 0.8650 0.8650
§ 20 | 209 0470 0.2350 0.8650 0.8650 Biz  0.148 02050 0.5950 0.8950
25 809  0.160 02220 0.5780 08780 813 0.140 0.1940 0.9060 0.9060
w | B0 o4 0.2060 0.8940 0.8940 Bl 0431 0.1810 0.9190 09199
o5 | B0l o.08 10,2740 0.8260 0.8260 809 0,15 0.2090 08910 0.8910
| 809 04290 0.1780 0.9220 09220 813 0079 0.1100 0.9900 0.9900
' 15 | 819 0000 0.1250 0.9750 09730 815  0.048 0.0660 1.0340 10340
@ 2 | 812 oom 0.0980 1.0020 1.0020 822 0.0 0.0530 1.0470 1.0470
3 | 820 0060 0.0330 1.0170 10170 323 0o 0.0300 1.0700 1.0700
o | 511 o087 0.0630 1.0350 1.0350 820 0020 0.0280 1.0720 1.0720
o5 | 805 o0ay 0.1890 09110 09110 815 0.2 0.1676 0.9324 0.9324
o | &16 0000 0.1246 0.9754 0.9734 B9 0.054 0.0748 1.0252 1.0252
15 | B19. 0080 0,0692 1.0308 1.0308 823 0.020 0.0277 10723 10723
g | 28 000 0.0526 1.0474 1.0474 830 0011 0.0152 I.ORaY | DR4E
15 B2 0.025 AR ETA 10654 1.0 540 %1 [ANE] AN taile (R AR [N
§ | 835 oo 0.0207 LT3 10793 s 1] 0.1 24 | OKTS | 11§75
os | 817  o0u1 0.1842 0.9158 09158 819 0109 0.1510 0.9490 0.9490
o | 831 o070 0.0969 1.003] 1.0031 B2  0.048 0.0665 10335 1.0335
15 | 827 0058 0.0762 1.0238 1.0238 829 0030 0.0415 |.058S 1.0585
Q1 0 | g3 0045 0.0623 1.0377 1.0377 836 0028 0.0346 10654 | D6S4
§ 25 | k33 0040 00554 10446 1.0446 B3E 0010 0.0263 10737 10737
=1 w | 836 0015 00485 14515 10515 330 0007 0.0097 10003 1.0903

Amount af Adsarbent = 0.2 g, Amount of Adsorbate = 20 G, Particle Size= 150-180 g, Initial Concentration uf Als(D.)
nre Adsorplion = 7,

= g0 w ' Bmol.clnes,

H af 1)
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Figure 4.19 Adsorption kinetics of acid blue 1 on Salvadora oleoides (SO) carbon samples.



. Table 4.11 Adsorption kinetics of acid blue 1 on animal bones charcoal (AD

82

Amount af Adgarbent = g.2 g, Amaunt of Adsorbole = 20 Cma, Pariicle

* igctmal.dmd , pif of Da Refore Adsorplion = =00

samples
" at 10°C at45eC
& | Time D, De-D, D, D. Do-D, D,
S| ©@ | pHu  Abw  (mei 10 (mol/lxi0%)  (molgx10%) | PHw  Abm  (mollx10%) (molLx10%) (moligx10*)
os | 790 0994 13760 1.7830 1.7830 799 0.808 1.1190 2.0400 2.0400
w | 796 0702 0.9720 21880 2.1880 801 0490 0.6780 24500 2.4800
s | 197 0sss. 07eH0 23920 23920 BOS 0392 0.5430 26170 26170
§ 0 | 798 0432 0.5980 25620 1.5620 807 0354 0.4900 26700 26700
s | s00 037 0.5210 2.6390 26350 810 0324 0.4480 2.7120 2.7120
36 | s03  o3ss 0.4960 2.6640 26640 £11 0297 pA110 2.7490 27190
os | ®o3 0750 1.0470 21120 21120 BO9  0.601 0,820 23270 23270
of 1o | 807 039 0.5530 26070 2.6070 BIl 0458 0.6340 2.5250 25250
s 15 | 209 0187 0.2590 2.9010 2.9010 812 0151 0.2090 29510 29510
20 | 812 0140 0.1940 2.9660 2.5660 814 0118 0.1630 29970 2.9970
25 | 814 0u00 0.1380 3.0220 3.0220 817 009 0.1250 30350 10350
10 | 818 00B4 0.1160 3.0440 3.0440 819 0065 0.0900 3.0700 3.0700
os | &13 o069 0.9682 2.1910 21910 815 0.480 0.0649 24950 2.4950
1w | 817 0473 0.6552 2.5040 2.5040 818 0280 0.3878 2.7720 27720
15 | 518 o028 0.3160 2.8440 2.8440 819 0.44 0.1990 29610 29610
o | 212 01se 0.2200 2.9400 2.9400 822 0102 0.1410 3.0200 10200
g 25 E.11 0.099 0.1370 o oo .20 0.074 0.1020 10580 10580
i i | 822  ooss 0.1220 31,0380 10380 824 0050 0.0700 3.0900 3.0900
o5 | 817  o0as0 0.4840 2.6760 26760 819 0312 0.4321 2.7270 2.7270
o | 819 0185 0.2560 2.9040 2.9040 820 0182 02521 2.9070 2.9070
5 | 822 a0 0.1520 3.0080 3.0080 824 0107 0.1480 3.0120 10120
of 2 | 523 0060 0.0830 30770 3.0770 826 0051 0.0700 3.0900 31,0900
g 25 | 820  o0%0 0.0690 3.0910 30910 829 0042 0.0580 3.1020 1020
w | 827 o003 0.0450 11150 31150 836 0023 0.0320 31280 31280
o5 | 821 o300 04155 2.7445 2.7445 826 0280 0.3878 27721 27721
| 823 0060 02218 29385 2.9385 829 0100  0.1385 30215 10215
15 | 825 0100 0.1385 10215 10215 837  0.060 0.0830 30770 3.0770
EJ n R.20 0035 0.04R4 e T R4l 0.020 onxrr A i
8| » | 1 oo 00277 L3 11323 %22 0010 0.013% 31462 11462
=] 3 | 820 o053 0,0207 3.1393 3.1393 £17  0.003 0.0041 3.1558 3.155K

Sleew x5a-r80 pm, Initinl Concentrativn af ABi{1D.) = 7,16
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Figure 4.20 Adsorption kinetics of acid blue 1 on animal bones charcoal (ABC) samples
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Table 4.12 Adsorption Kinetics ol acid blue 1 on regenerated carbon (RG) samples

. at 10°C at45°C |
£ | Time| ' D, DsD, D, D. Do-D, D,
i a s Pl Abn (molLxi0®)  (moWLx10®)  (molgxio®) | PIw Abs  (mol/Lx10%)  (moliLx10%)  (moligx10%)
| 0% £.00 0809 11206 04294 0.4294 8.03 0.788 1.0913 04585 0.4585
| 10 802 0.725 1.0042 05458 0.5458 .04 0.657 9101 0.6399 0.6399
Ly s 806 0633 08768 0.6732 0.6732 807 Q616 QL.R530 0.6970 0.6970
2 20 B.07 0.635 DTG 06704 0.6704 OO0 0,562 07783 0.7715 0.7715
12 809 0551 07632 0.7868 0.7868 Ela 0549 0,7608 0.7893 0,7895
in R .540 07480 0020 0.8020 £.12 A0 0.6649 L8851 8851
08 8.01 0.6935 0,9627 05872 0.5872 5.08 0.620 08588 06911 0.6%911
3] R.04 0.535 07411 0.2089 0.8049 8.15 0.451 0.6247 0.9253 0.925)
_ .: 15 BUO 0456 06316 09184 0.9184 17 0384 05319 1.0181 10181
| =2 20 B03 0410 0.5679 093821 0.9821 821 0316 0.4377 1.1123 1.1123
25 8.10 0.354 04903 1.0597 1.0597 B.23 0308 04266 1.1234 1.1234
§ an 198 0.333 04613 I BET | DBET B.25 0.253 03504 1.1996 1,199
05 B.05 0.672 0.9308 0.6192 0.6192 B.0% 0.603 0.8351 0.7147 0,7147
5-} ] B.11 0569 0,781 0.7619 0.7619 Bl 0405 0.5610 0.9890 0,98
% 15 811 0460 0.6372 0.9128 0.9128 £17 033 DA5ES 10915 10915
| 20 829 0.3%96 0.5485 10015 1.00135 B26 0.158 03574 1.1926 1.1926
. 15 8.20 0.324 04488 L1012 1.1012 827 0.217 03006 1.2494 1.2494
| 10 g4 0317 04391 1.1109 1.1109 217 088 0.2604 1.2896 1.2896
03 B.03 0,589 E159 0.7341 0.7341 813 0480 0.6049 0.3B50 08830
‘ 10 7.96 0481 - 06663 0.8817 0.B837 8.19 0311 0.4308 11192 1.1192
| LT 809 0394 0.5457 1.0043 1.0043 £33 0269 03726 1.1774 11774
20 RIS 0322 0.4460° 1.1040 1.1040 8.9 0.195 0.2701 12799 L2709
qd 5 848 0.288 03989 Lis1T . 1151 849 0.163 0.2257 1.3243 1.3243 |
i -] 833 0.244 03379 1212 12121 8.43 0.108 01496 14004 1. 4004
: 05 T44 0615 0.B519 0.698] 0.6981 9.50 0,454 0.6288 09211 09211
1o £00 0518 03125 0.8324 0.8324 B2} 0317 04391 L1109 11109
|5 .21 0430 0.5956 0.9544 0.9544 40 0232 03213 12287 1.2287
3 0 87 0357 04945 1.0555 10355 845 0179 0.2479 1.3021 13021 |
.g 23 .21 0.280 0.3ETE 1.1622 l.1622 .46 0.150 02077 1.423 LM
Il .03 0.237 03283 1217 L2117 848 RS 01440 1. 4060 1. 4060
05 0,50 0488 0.675% 03741 0.8741 0,61 0376 0.5200 1.0300 1.0300
10 H.249 0,434 6012 (L94RR 09488 L (0.274 (.37%0 1.1710 L1710 }
15 a2 0.361 00,5000 1.0500 1.0500 B.44 0210 0.2908 1.2592 1.2592
| EJ‘ F. 1] 8.4) 0280 0JETE 1.1622 1.1622 847 0.183 02534 1.2966 12966
; § 25 | 49 o230 0.3186 12314 12114 861 0149 0.2064 13436 13436
=] £50 0226 03130 12370 1.2370 813 0109 0.1509 1.3991 1 .]‘J‘]l

= i50-18o gm, Initiol Concentration qf AlI(D) = 1.55
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Figure 4.21 Adsorption kinetics of acid blue 1 on regenerated carbon (RG) samples
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Table 4.13 Adsorption kinetics of brilllant blue R on Pawlownia tomentosa carbon samples
= at 10=C atd45°C 4
£ | Time D. D+-D, D, D, De-D, D,
: Py Aby (mollx10") (molLx10% (molgxio®) | pHu  Aby (molx10")  (molLx10")  (moligx10¥)
os | 609 0204 2.6700 0.3300 0330 748 0258 2.3400 0.6600 0.6600
10 | 610 0261 2.3700 0.6300 0.630 702 022 20100 0.9900 0.9900
2| 15 | 624 o02s0 22700 0.7300 0.730 69 0201 1.8200 1.1500 1.1800
S| 2 | e2s o2 21800 0.8200 0.520 695 019 1.7300 1.2700 1.2700
2% | 625 0230 2.1000 0.9000 0.900 694 0185 1.6800 13200 13200
Jn 6.27 0225 20400 0.9600 0.960 6.93 0. 1ED 1.6300 13700 13700
o5 | 621 o268 24300 0.5700 0.5700 691 0229 2.0820 0.9182 09182
10 | 627 0228 20700 0.9300 0.9300 607 0199 1.8091 11910 11910
115 | 640 o020 1.9000 1.1000 1.1000 720 0470  1.5%00 14500 14500
Sl 20 | eas 0201 1.5100 1.1900 1.1900 730 1600 14200 15500 1.5500
25 647 0195 1.7700 1.2300 1. 2300 733 0.15% 14100 1.5900 1.5900
30 | 648 o049 1.7200 1.2800 12800 740  0.1%0 1.3600 1.6400 16400
0s Ll 0199 1 .K(EN) 11910 11910 .06 01X} 1630 13360 1.3360
of 9| 8% ouso 16360 13630 13630 210 0160 14540 1.5450 1.5450
15 £91 0.166 1.5100 1.5000 15000 216 0.140 1. 2700 1.7300 1.7300
8 w | 893 0100 14500 1.5500 1.5500 921 0.135 1.2200 1.7500 1.7800
25 | 895  ouss 14100 1.5900 1.5900 925 0130 1.1800 1.8200 1.5200
3o 9% 0.152 1.JR0O 1.6200 1.6200 223 0123 1.1.300 1L.ET00 18700

wr ol ol

Amaunt af Adsorbent = 0.2 g, Amount af Adsorbuale = 20 Cm?,
1 af I i, tion = .10

Particle Siren 150-180 pm, Initial Concentration af HER (D) w 3=

Table 4.14 Adsorption kinetics of brilliant blue R an liis ca. carbon samples

¢ at 10°C at4s=C

| Time| D, Dw-D, D, D. De-D, D,

S| W | plle Abu (a0 (mol/Lx10)  (mobigu10*) | PIw  AbM  (mollx10®)  (molLx10% (molig=104)
151 6.71 0.290 2.6400 01600 0.360 1.50 0270 245840 05454 05454
0 | 651 o027 2.5200 0.4800 0.480 738 02% 23270 0.6727 0.6727

2| 15 | 646 0264 2.4000 0.6000 0.600 736 0230 2.1000 0.9000 0.9000

Sl 0 | 650 0200 2.3600 0.6400 0.640 739 0225 2.0500 0.9500 0.9500
35 | 652 o2, 2.3300 0.6700 0.670 740 0220 2.0000 1.0000 1,0000
0 | 660 0284 23100 0.6900 0.690 742 0210 1.9100 1.1000 1.1000
05 | 895 02% 23270 0.6727 06727 798 0220 2.0000 1.0000 1.0000
10 | 905 0228 2.0450 0.9545 0.9545 £30 0180 16360 1.3630 13630

1 os | 2o oave 1.7800 1.2200 1.220 872 0.160 14500 1.5500 1.5500

€| 2 |oos o1 1700 1.2800 1200 | 881 ouss 14100 1.5900 15900
25 | 209 o0.uss 1,6800 1.3200 1320 885  0.1%0 1.3600 1.6400 16400
30 | 910 0182 16500 1.3500 1.350 850  0.145 13100 1.6900 1.6900
o5 | 9960 0211 19181 1.0818 10818 1007 0.19% 1.7270 12720 12720
10 | 9980 o.u87 1.7000 1.3000 1.3000 1009 0.170 1.5450 1.4540 14340

g 15 | 1000 0.8 1.6400 1.3600 1.360 1013 0.155 1.4100 1.5900 1.5900

%1 20 | 1005 0175 1.5900 1.4100 1410 1015 0.150 1.3600 1.6400 1.6400
35 | 1006 0.7 1.5700 1.4300 1430 10.17  0.148 1.3400 1.6600 1.6600
0 | 1008 0170 1.5400 1.4600 1.460 1018 0.145 13100 1.6900 1.6900

4  Amoun{ qra'hllwb-nl = 0.2 g, Amount of Adsorbute = 20 Cm, Particle Sizes 150180 gm, Initial Concentration of BER (D)= 3=

wordmrnd. dor2

re Adsorplion » 6.00
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Figure 4.22 Adsorption kinetics of brilliant blue R on Paulownia tomentosa (PT) carbon samples
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1o dmol.dd , pH o

4 at 45 oC |
2| Time D, Da-D, D, D. Da-D, D,
A @ | PHn Aby  (mallx10%  (wollxl0¥  (miokgxieY) | pIty  Aba (mol/Lx107)  (molLx10%)  (molfx10
os | 730 02w 2.4500 0.4500 0.5500 £50 0250 23730 0.7270 0.7270
0 | 630 0230 2.1800 0.8200 0.8200 790 0120 2.0000 10000 1.0000
z 15 G54 0230 2. 1000 0.9000 0.9000 7.85 0.19%0 1.7200 12800 1.2800
Sl 2 | 6es 0220 2 1.0000 1.0000 786 0188 1.7100 1.2900 12900
| 25 G.66 0216 1.9600 1.0400 1.0400 7.87 0.185 1.6800 1.3200 1.3200
0 | 667 0210 1.9100 1.0900 1.0900 788 0.83 1.6600 13400 1.3400
153 9.10 0.23] Z.Iml_:l 0.90900 0.9000 8.70 0.220 E.Npﬂ 10000 1.0000 :
. 10 2.15 0205 1.8600 1.1400 1. 1400 8.99 0.1B5 1.6820 13182 1LYIEO
s | or 0% 17600 12200 1.2200 905 0.170 1.5400 14600 14600
(8] 20 | 919 oa00 17200 1.2800 126000 | 910 0465 15000 ' 15000 1.5000
25 | 020 ougr 17000 13000 1.3000 9212 0.160 14500 1.5500 1.5500
0 | 922 oum 16600 1.3400 1.3400 913 0155 1.4100 1.5900 15900
os [ 9713 o215 10545 10450 1.0450 9.6 0.200 1.8200 11820 11820
10 | 974 ago 1.7450 1.2540 1.2540 965  0.178 1.6200 1.3820 13820
; 15 | os0  oas0 1.6400 13600 1.3600 975 0,148 1.3400 1.6600 16600
® | 20 | 985 0175 1.5000 14100 14100 978 0143 13000 1.7000 17000
5 9.90 0.172 1.5600 1.4400 1.4400 9.82 0.140 1.2700 1.7300 1.7300
0.92 0.170 1. 4600 92.80 0.138 1.2500 1.7500 1.7500

Amount af Adsorben! = 0.2 Porticle Size= 150-180 pm,

Initial Concentration of BUR (D)= 3=

Table 4.16 Adsorption kinetics of brilliant blue R on Aifanthus altissimal AA) carbon samples

. at 10 °C ' at45+C
= | Time D, De-D, D, D, Do-D, D,
k- (=) PHx  Abu  (moULx10? (mol/Lx10)  (melge10™ | pllu  Abu (molLx10)  (mol/Lx10)  (moligx10%)
[15] 7.0 0.32% 29800 (L0200 0.0200 B.lo 0.300 27170 02727 02727
[ [+] 5.69 0.322 2.9300 0.0700 0.0700 7.80 D.285 25910 0404 04001 i
2| 15 | 554 oais 2.3700 0.1300 0.1300 737 0250 22730 0.7270 0,7270
el 20 | 65 o313 2.8450 0.1545 0.1543 172 0.225 20500 . 0,9500 0.9500
25 6.52 0311 28270 0,1730 0173 7.70 0.220 20000 1.0 10000
w0 | 650 0309 2,8200 0.1820 0,182 768 0.150 1.9500 10500 10500
0ns £.30 0.245 22200 0.7800 0.7800 8.59 0.230 2.0910 0.909] 0.90%90
! 10 Rd44 0217 1.9700 1.0304 1.0300 .00 0.200 1.8180 1.1820 1.1820
1 s | 875 o208 1.8700 1.1300 11300 9210 0175 1.6000 1.4000 1.4000
S| 20 | ss0 0200 13200 1.1800 1.1800 915 0171 1.5400 1.4600 1.4600
25 | 882 ouw 1.8000 1.2000 1.2000 918 0.166 1.5000 1.5000 1.5000
0 | 8853 0195 1.7700 1.2300 1.2300 920 0.6 1.4500 1.5500 1.5500
o5 9.9 0210 1.9091 1.0910 1.0910 10,00 0200 18180 1.1820 1.1820
o 10 9.9 0.185 1.6820 1.3200 1.3200 10.02 0.182 1.6540 1.3430 1.3450
. 15 9.95 0.170 1.5400 1. 4600 1. 4600 10.03 G.150 1.3600 1.6400 1.6400
§ 20 | 999 o0.u6s 1.5000 1.5000 1.5000 1004 0.145 1.3200 1.6800 1.6800
15 10.03 0.160 1.4500 1.5500 1.5500 10.05 0141 1.2700 1.7300 L7300
30 105 0.155 1.4100 1.5900 1.5900 1007 0.130 11300 1.8200 1.8200

Amount of Adsarbent = 0.2 g, Amouni of Adsorbale = 30 Cin?, Particle Size= 150-180 pm, Initinl Concentration of BAR (D) = g=
10Smol.dw?, pH of D. Before Adsarption = 6.00
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Figure 4.24 Adsorption kinetics of brilliant blue R on Corncobs (CC) carbon samples
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Table 4.17 Adsorption kineties of brilliant blue R on Salvadera oleoides carbon samples
" at 10 °C at45°C _
2 | Time D. De-D, D, D. D.-D, D,
S| © | PO Abw  (molix10%)  (molx10%) (mobgx10% | plly  Ab (mol/Lx10")  (molLx10%)  (moligx10®)
os | 508 0650 5909 1.2910 12910 749 0550 50000 22000 22000
10 577 0.503 4.5730 26300 2.6300 T.60 0420 3.8200 13800 33500
> 15 B.E]3 0.471 4. 2820 20200 2.9200 7.63 0.3ED 34500 17500 3. 7500
S| 20 | s8¢ ouso 4,000 21100 3.1100 765 0360 32700 3.9300 19300
i 15 287 0420 i AR200 3.J800 33800 747 0.330 30000 o 2000 4. 2000
1w | 889 0400 16300 3.5700 1.5700 190 0310 2.8200 4,3800 4,3800
Q5 .17 0.530 04818 2818 2818 7.2 0480 4.3610 2.8370 28370
10 721 0451 4, 1000 1000 3.1000 734 0.385 1.5000 3.7000 1.7000
E"’ 15 7.30 0.423 18454 3.1545 33545 735 0.350 31820 40180 40180
§ 20 7.31 0.391 J.5545 36454 36454 737 0.332 30180 4. 1820 4.1820
25 7.35 0.375 34090 17009 1.7904 7.19 0.310 2.8210 43700 43790
an 7.39 0363 3. 2000 100 20000 7.4% 0275 2.5000 4, 7000 4, 7000
05 | 770  8.5m 45727 26272 26272 748 0430 1.9000 1.2909 3,2900
) 10 8.3 0,420 38182 13818 ligig 7.7 0.320 2.90090 4.2009 4.29049
=1 15 | 859 oan 3.6454 31,5545 1,5545 786 0.300 27277 44723 44723
E 20 562 0373 3.390049 18090 180090 1.97 0.291 26454 4.5545 4.5545
25 .1 En63 0360 12727 lann 19271 799 0.280 2.5454 46545 4.6545
w | 865 0347 31,1545 4.0454 4.0454 820 0253 2.3000 4.9000 4.9000
05 Q.40 0.49] 44636 2.7363 2.7363 9.70 0.375 3.40Mm 3.7909 3171909
1e] 0561 0381 40636 3.7363 37363 162 0.250 22717 492177 49277
15 9.90 0360 321N inn 30272 10.7 0210 1.90%0 52900 52900
G 20 992 0350 LIE20 4.0182 40182 10.9 0.200 1.8182 53818 538138
E 25 | 998 o33 3.0090 4.1909 4.1909 10 0185 1.6818 55182 55182
o 10.1 0317 28R 43181 43181 113 0.175 1.5909 56090 5.6000
05 | 958 0451 4.100 3.1000 3.1000 958 0330 3.0000 4.2000 4.2000
1] 075 036l 2820 LRz JOIR2 .05 0.210 1.9090 52009 52900
15 | 1038 0320 2.5091 4.2909 4.2909 10834 0.172 1.5636 5.6363 56363
3 20 10.50 0311 28272 43727 43727 10.38 0.150 1. 3636 3BI63 58161
.E 15 10.60 0292 26545 . 5454 43454 10.39 0.130 I.IBIB (X1 F ¥ 60182
i 30 10.75 283 25727 40272 4.6272 10.99 0.1 1.0454 0.1545 6.1 545
o5 | 1000 0405 4,5000 2.7000 2.7000 997 0410 17270 34730 34730
[§1] 10.05 3.399 J.6272 15730 15730 1005 0.295 2.6820 4,5200 4.5200
15 | 1010 p.as2 32000 40000 4.0000 097 0,198 1.8000 5.4000 5.4000
ﬁJ 20 10,20 03N 30091 41000 41000 9.90 0.170 I.5454 5.6545 56545
§ 25 10.30 0.320 29100 A 2010 4.2910 10,10 [ER R 1.50/91 56901 56501
=| 30 | 039 o035 2.8630 42303 4,3363 1013 0.155 1.4909 57909 5,7009

Amount af Adsorbent = 0.2 g, Amount af Adsorbate = 20 Cm,
* 10°fmal.dm=

I

I,

re Adsorption = A,

Particle Size= s50-080 pm, Initinl Concentration af BUR (D) = 7.2
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Figure 4,26 Adsorption kinetics of brilliant blue R on Salvadora oleoides (SO) carbon samples
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Table 4.19 Adso

lion kinetics of brilliant blue R on

enerated (RG) earbon samples

100

.

._ at 10 °C at 45 °C
& | Time D, Dw-D, D, D, Do-D, D,
& (s) PHw  Abu  (melLx10%)  (mol/Lx10%) (moligx10%) | PIn  Abu (mol/Lx10%)  (mol/Lx10%)  (moligx10%)
05 | 745  0.682 65,2000 0.3000 0,300 712 0.6%0 i, 1800 03200 03200
i | 735 o0l 54000 10400 1040 710 0470 4.2700 2.2300 2.2300
O s | 1 oS4 4.9500 1.5300 1.450 708 044 4.0100 2.4900 24900
2| 20 | w1 osn 4.7300 1.7700 1770 707 0473 1.8400 2.6600 2.6600
Tl o2 | 2w ose0. ase00 15600 1.960 706 0.400 36300 2.8700 23700
0 | 730 0480 43000 2.1400 2.140 704 0380 34500 3.0500 31,0500
0s | 744 0630 5.900] 0.5909 0.5909 710 0530 48180 1.6820 1.6820
o | 750 03562 5.1090 1.3909 1.3909 718 0463 42100 2.2900 22900
Pl s | 240 os0 48180 1.6820 1.6520 729 0431 3.9200 2.5800 2.5800
S| 20 | 246 os10 a6 15630 18630 | 730 0410 37200 2.7800 27800
2 745 04% 44540 2.0450 20450 732 0391 3.5500 2.9500 2.9500
0 | 744 0475 4.3180 21820 2.1320 735 0.365 1.3200 1.1%00 31800
05 | 755 0401 54600 1400 1.0400 700 G570 51818 1.3182 13182
0 | 7.5 0540 4.5090 1.5910 15910 740 045 4, 1000 24000 2.4000
o 15 | 772 asmn 4.6360 1.8630 1.8630 743 0419 3001 26000 26900
’§ n 771 04m 4030 20360 20360 744 D408 3,700 2.7909 2,799
25 | 174 0a4rs 4.3180 2.1820 21820 745 (.38 346306 10363 30363
w | 115 0450 4.0900 24090 24000 746 0377 14272 EXITER) 3.0727
05 | 793 o042 5.6363 0.8636 0.8636 741  0.543 4.9363 15636 1.5036
w | 820 o051 47700 17270 17270 755 0411 17363 2.7636 27636
15 | s34 0500 4.5450 19540 1.9540 750 0.8 3s51m 2.9127 20727
© 0 | 535 0476 4.3270 L1720 21720 753 0362 3.2000 3.2000 32090
§ 23 | 836 0463 32100 21900 2.2900 755 0340 30909 3.4090 3.4000
W |.837 0450 4.0900 24090 24090 756 0331 31,0090 34909 34900
o5 | 809 om0 3.5450 0.9540 0.9540 750 031 4.7540 1.1450 1.7450
w | 826 0523 4.7540 1.7450 1.7450 760 0.401 3.6450 28540 2.3540
15 827 0492 44720 20270 20270 746 037 3.3720 31270 3.1270
ol B.29  0.465 42270 2.2720 2.2720 747 034 3,1000 31,4000 J400n
é 25 | B30 0462 4.2000 2,3000 2,3000 748 0322 29270 15720 14720
| B3IZ 0450 4.1730 23172 23272 749 0321 29360 3.4630 35630
05 | 870 0640 5.8200 0.6800 0.6800 800 0.580 5.3000 1.2000 B0
In L KT 0.600 54500 10500 105040 7.97 0.534 d.R200 | .GB00 R0
15 BE95  0.560 50900 L4100 14100 795 0480 4.3600 2.1400 8.95
‘Ol 20 | 896 0540 4.9100 1.5900 1.5900 197 046 4.2000 2.3000 8.96
§ 25 §97 0517 4.8820 1.6200 16200 753 0459 4.1700 23300 89
=1 3 | 898 05232 48360 1.6630 1.6630 BO0 0455 4.1400 23600 598

Amount of Aisorbenl = 0.2 g, Amounl gf Adsorbate = 20 Cm, Particle Size= 150-180 pm, Initinl Concentration af BER (D) = 6.5

w yodmol.dn? , pH of Ds

ore A
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Figure 4.28 Adsorption kinetics of brilliant blue R on regenerated carbon (RG) samples
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Table 4.20 Adsorption kinetics of acid yellow 29 on Paulewnia tomentosa (PT) earbon samples

. at 10=C at45eC T

TE- Time D; De-D, D, D, Du-D, D,

sl PIm  Abv  (mollx10%  (molLx10) (moligx10%) | PHx  Abu  (mol1x10Y) (molLxi0 (molfzx10%)
05 6db 0,190 21500 0.£500 08500 T 0187 1, 7800 12200 1.2200
10 | 649 0170 1.9200 10800 10800 735 0140 1.5800 1.4200 1.4200

2| s 6.57 0062 18360 11600 1. 1600 733 oM 1.4700 1.5300 1.5200

gl 6,50 0050 L0 1.30040 1.3000 728 0128 | 4500 I.5500 15300
15 662 0048 L6400 13000 13600 727 0128 14100 1.5900 1.50900
30 0.062 0040 1.5500 | 4200 |.4200 126 02 13000 1.6100 16100

| 05 640 0,182 20600 0.9400 0,940 733 0l 18140 11839 11850
10 Gl 0,040 15800 1.4200 1.4200 747 0100 1.1340 1 8662 I B2

21 s 672 0.3 147007 1.5300 1.5300 760 0.046 0.52 2.4785 24785

§ 0 675 0% 14200 1.5800 1.5800 763 0030 0.3400 2.6600 26600
25 679 0121 1.3700 1.6300 1.6300 768 0026 02950 2.7000 2.7000
| 680 0017 13200 16800 1.6800 730 0012 0.24%0 2.7500 2.7500
05 §93  0.130 1.4700 1.5300 1.5300 930 0115 13038 16960 1.6960

ol 900 0100 11330 1.R600 18600 931  0.052 0.5895 24100 24100

i 15 940 0.087 0.9860 20100 2.0100 932 0,030 0.3400 2.6600 2.6600

§ 0 | 941 008 0.0070 21000 21000 236 0020 0,2260 27700 2.7700
Pl 945 04073 05270 21700 2.1700 938 0,011 0.0100 28800 2.8800
3 Y47 0070 0.7930. 2.2000 2.2000 940  0.00) 0.0340 29600 2.9600

¢ Amounl af Adsorbent » 0.2 g, Amount of Adsorbate = 20 Cm, Particle Size= 150-180 um, Initial Concentration afAY2o (D) m gy

wotmal.dw?, pli 0N, Refore A tion = 6

aspica (P

‘atdseC

D, D, D.-D, Di
Abs (molLx10) (mol/Lx10?)  (molfgx10%) Aby o (mol/Lx10% (molLx10%)  (moligx10%)

n.aus 2.2100 (.70 11, 7K (IR0 2 A11M] (.M TR
R4 2000 {1,408 0. 59600 160 LX) 1. 1800 1. 180
0.185 1.9800 1.0200 1.0200 0.150 1.7000 1.3000 1.3000
0.170 1.9200 10800 1.0800 0.145 1.6400 1.3600 1.3600
0.165 1.8700 1.1300 1.1300 0.140 1.5800 1.4200 1.4200
0,160 1.8200 11800 11800 Y 0.131 1.5100 1.4900 14900
0.170 1.9300 1.0700 1.0700 ¥ 0.150 1.7010 1.3000 1.3000
0.151 1.7000 1.2000 1.3000 0110 1.2470 1.7500 1.7500
0,132 1.4700 1.5300 1.5300 0.072 08200 21800 21800
0121 | 3600 16400 16400 ; 0,065 0,7300 2.2700 2.2700

0110 12500 17500 |.7500 0.060 06800 2.3200 23200
0.101 1.1300 1.R700 1.8700 0.051 0.6000 24000 14000
G140 15800 1.4200 1.4200 o.1o 1.2500 17500

o.lo 1.2500 1.7500 1.7500 0.080 0.9100 2.0900

0.0 1.0200 1.9800 1.9800 0.070 0.7900 22100

D.oxs x 20400 0.065 0.7300

0.080 J 2.0900 0061 0.6800

0.074 B : 21,1500 0.058 00,6500

Amount of Alsorbent = 0.2 g, Amount of Adserbaie = 20 Cmd, Particl
wimal.dmd , pH 1. Iefi s ion
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Figure 4.29 Adsorption kinetics of acid yellow 29 on Paulownia tomentosa (PT) carbon samples
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Tabtc 4,22 Aum ntion kjlmlics of acid vellnw 29 on Curumbs C carbon samples

' at 10 °C atds=C :
;; Time H D, D;..-D,, D,. D DD'Du Dul
S| ® P Abs (mplxi0®)  (molLx10%)  (molfgx10®) | pHu  Abs (molLx10%)  (mol/Lx10®)  (moligx10"
: os | 296 0.9 2.1500 0.8500 0.8500 230 0.160 1.8100 1.1900 1.1900
w | 700 0170 1.9300 1.0700 1.0700 B16  0.141 | 5800 14200 14200
« | 15 | o8 oanl 18100 11800 11900 812 0130 1.4700 1.5300 1.5300
21 20 ] 6s2  o0ass 1.7500 1.2500 1.2500 811 0020 1.3600 1.6400 1.6400
5 | 632 0450 1.7000 1.3000 i.3000 £10 o000 1.2500 1.7500 1.7500
w | 632 o4 6400 13600 136600 B0 0101 1,1300 18700 1.8700
. 65 | 875 0.4 1.5800 1.4200 1.4200 904 0,030 1.4700 1.5300 15300
. 10 | 922 oa00 1.1300 1.8700 1.8700 920  0.100 1.1300 1.5700 1.8700
S s | oo oo 1.0200 1 U800 1.9800 923 0.070 £0.4000 2.2000 2.2000
% 0 | 935 oos 0.9100 20500 2.0000 9.25 0055 0.6200 23800 2.3800
% ] 230 nors 01.K500 21500 2.1 500 9230 A0 0.4500 2.5500 2.5500
3 | 942 oo070- 07900 22100 22100 231 0031 0,3400 2.6600 2.6600
‘o5 | 974 0900 1.1300 18700 1.8700 935  0.08 05100 2.0900 2.0900
ol | o717 oom 11,7900 2.2100 22100 978 0.050 0.5600 2.4400 2.4400
-E 15 982 0.060 0.6800 2.3200 23200 980 0.030 0.3400 2.6600 26600
=1 0 | 985 o055 0.6200 2.3800 2.3800 281 0230 0.2600 2.7400 2.7400
‘ 25 987 0.050 0.5670 2.4300 2.4300 983 0018 0.2000 | 2.8000 25000
| W | 900 0041 0. 4600 2.5400 2.5400 987 0015 0.1700 2.8300 28300

| r Amount qradurbm.r = 0.2 g, Jl.mmrnl qrndmrbme = 20 O3, Particle Sizes mcr-mopm, Initial Concentration qm Y29 (D)= 3
_ 1ol dma, pHof D. B fore Adsorption = .5 —

- at lll o —
E- Time D, Do-D, D, D, Do-D, D,

(S| @ | PHx  Abu  (movixio?) (mol/Lx10?)  (moligx10% | pHx  Aby (molLx107)  (molLx10") (moligx10%)
05 | 857 040 2,2200 0.7800 0.7800 790 0.181 2.0400 0.9600 0.9600
w | &21  o.igs 2,0900 0.9100 0.9100 720 0160 1 8100 11900 11900
= 13 520 0.150 20300 0. 9600 0.9600 1.10 0.155 1. 7600 1.2400 1 2400
gl 20 | 510 017 19500 1.0200 1.0200 700 0150 1.7000 1.3000 1.3000
2 | 817 0170 19300 10700 10700 700 0.145 16400 1.3600 1.3600
0 | s16 0165 1.8700 1.1300 1.1300 700 0141 1.5800 1.4200 1.4200
o5 | 7275 om0 19300 1.0700 1.0700 920 0.120 1.3600 16400 1.6400
(i} 574 0.155 17600 1.2400 1.2400 .19 0101 11400 1.8700 LRG0
é-‘ 15 | 886 o.40 1.5800 1.4200 1.4200 942 0,001 1.0250 19800 1.9800
12| 20 | 8% o136 1520 14800 14800 | 950 0083 09400 20600 20600
2% | 892 oM 1.4800 1,5300 1.5300 952 0078 0.8800 2.1200 2.1200

0 | ged 0423 1.4200 1.5800 1.5800 955 0760 08600 2.1400 20400 |

05 | 9900 o0.20 13600 1.6400 1.6400 1009 0.110 12470 1.7530 17530 |
wl ® | v oueo 1.1300 15700 1.8700 10,12 0.080 0.9070 2.0930 2.0930
fg 15 | 100y 0091 10200 1.9500 1.9800 10,43 0.068 0.7700 2.2300 2.2300
'=° 20 | 1004 0085 0.9600 2.0400 2.0400 10,14 0062 0.7000 2.3000 2.3000
25 | 1005 o080 0.9100 2 2.0000 10.15 0058 0.6600 2.3400 23400
10.16 0085 0.6200 2.3300 2.3800

Amur fuf.-‘l.d:mrhcut = 0.4,

__todmaldma H' i s I
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Figure 4.31 Adsorption kinetics of acid yellow 29 on Corncobs (CC) carbon samples
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Tuble 4.24 Adsorption kinetics of acid yellow 29 on Salvadora olevides (50) carbon samples

109

¢ ' Amount of Adsorbent = 0.2 g, Amount of Adsarbate = 20 Cm?, Particle Sizes=
8.0 = wimol.dma, plf

D, Refore Ads

fion =

.0

150-180 pm, Initiol Conceniration of AY2g (1)) =

at 10 °C at45°C
'E- Time D, Dw-D, D, D, Do-Dy b, .
S| @ | plw CAbw (melLx10")  (molLx10%) (moligx10%) | PIIm  Abu (mol/Lx107)  (molLx10%)  (moligxl0
us 702w 79300 U.0700 0.G700 50 0670 7.5900 0.4100 04100
1o 754 0691 7.8300 0.1700 0.1700 822  0.660 TARDO 0.5200 0.5200
s | 15 171 0.0 7.7100 0.2900 0.2900 B.20  0.652 7.3900 04100 0.6100
a1 176 0675 76510 0.3470 0.3470 B15 0640 7.2500 0.7500 0.7500
25 782 06m 7.6070 0.3930 0.3930 814 0632 7.1600 0.8400 0.8400
30 758 06568 75730 0.4270 0.4270 812 0.625 7.0800 0.9200 0.9200
05 6.7 0.662 7.5000 05000 0.5000 688 0.620 7.0300 0.9700 0,9700
o T 6.7 0.591 67000 1.3000 13000 700 058 6.5900 14100 14100
&1 s 680 0573 0.4900 1.5100 15100 708 0500 6.1500 L6510 1.6510
§ 20 | 684 0550 62300 1.7700 17700 1L 0540 6,1220 18500 18800
b1 680 0.544 . 1600 18400 1.8400 715 083 6.0800 1.9300 1.9300
n 692 0.530 6.0100 12900 1.9900 707 0526 5.9600 2.0400 20400
05 605 0668 7.5700 {.4300 0.4300 .39 050 . 7000 1.J000 1. 3000
| 10| 115 o0en 7.1700 0.8300 0.8300 756 0543 6.1500 1.8500 1.8500
15 738 0.588 6.6600 1.3400 1.3400 767 0.502 5.6000 23100 2.3100
§ 20 745 0.5 64740 1.5260 1.5260 790 048] 54500 2.5500 2.5500
5 749 0.566 64170 1.5830 1.5830 776 0463 5.2500 2.7200 2.7200
W | 752 o560 6.3450 1.6510 1.6510 780 0451 5.1100 28900 28900
05 | 941 0565 64000 1.6000 1.6000 964 0524 59400 2.0400 20400
ol 10 9.55  0.541 61300 18700 1.8700 980 051 57900 2.2100 2.2100
é 15 961 L0518 5.8700 21300 2.1300 10,02 0489 5.5400 24600 2.4600
0 | 949 050 5.6800 23200 23200 1004 0461 52200 2.7800 2.7800
25 972 048 5.4700 2.5300 2.5300 1006 0441 5.0000 3.0000 1.0000
30 979 0460 52100 2.7900 2.7900 1008 0421 4,7700 3.2300 3,200
03 0958 0521 50100 2.0900 2.0900 967 0503 57000 2.3000 2.3000
10 963 051 5.7900 2.2100 22100 984 0466 52800 2.7200 2.7200
is 974 043 5.4500 2.4500 2.4500 1000 0451 5.1100 2.8900 2.8900
ul 976 0.460 5.2100 2.7900 2.7900 010 0431 4.BE00 30200 31200
.E 25 L R 4. 9800 L0200 30200 1012 Gl A S 3 MA00 Lason
Lo 982 0420 4.7600 L2200 32400 1013 0.400 45300 14700 14700
05 271 0500 5. 00600 2.3400 2.3400 976 0405 56100 2.3900 2.3900
1] 95 0450 50000 2.9000 2.9000 981 040 45460 14530 34510
15 .74 0400 4.5300 14700 34700 092 0352 1.9900 40100 40100
Ll 98! 0380 43100 1.6900 3.6900 999 03N 1.7500 4.2500 4.2500
§ 5 984 0360 40800 3.9200 19200 1901 0310 35100 4.4900 44000
={ 30 988 0350 3.9700 40300 40300 1003 0300 34000 4.6000 4.6000
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Figure 4.33 Adsorption kinetics of acid yellow 29 on Salvadora oleoides (S0) carbon samples



Table 25 Adsorption kineties of acid yellow 29 on animal bone charcoal (ABC) samples

112

at10°C at45C .
L3
'E- Time D. De-D, D, D, Do-D, D, .
& () | pHu  Abs (molx10%)  (mol/Lx10) (moligx10€) | PIn Absx  (molfLx10%)  (molLx10%)  (maligx10%)
0% BO0 1540 17.460 2.5300 2.5400 795 1230 13.940 6.0600 6.0600
: I #.03 |.380 I 5,640 4,3530 43530 7.90 1010 [ 1,450 R.5500 R.53500
E.J- 15 8.05 1.263 14,320 S.6800 5.6300 7.88 0.911 10,330 9.6700 9.6700
2| 810 1230 13,940 6.0600 6.0600 ™ 089 10.100 9.9000 9.9000
2l BIS 1200 13.600 144000 64000 795 0883 10010 1.0900 9.9900
i[1] 8231170 13,200 i, K000 64000 704 070 08600 10,140 10,140
05 790 1424 16.140 1.8600 38600 772 1130 12310 7.1900 7.1900
ol 10 BOl 1280 14.510 54900 5.4900 786 0830 94100 10,590 10.590
=1 15 BO2 1251 14180 58200 5.8200 798 0700 1.9300 12,070 12,070
21 20 | sos 1220 | LK3D f.1700 6.1700 739 0.65] 7.3800 12.620 12,620
25 510 1200 13,600 11,4000 6.4000 50} 0600 6.R000 13.200 13200
&1 BI5 1150 13.040 69610 6.9610 806 0550 6.2300 13970 13370
04 822 1350 15.300 &, 7000 4.7000 810 080 12,240 1.7600 7.7600
o | 850 250 14.170 58000 5.8000 834 0730 82700 11730 11.730
I5 865 L.150 12.040 6.9610 6.9610 B42 04680 7.7100 12.290 12.290
of B70 LoD I1.450 B.5500 §.5500 Bd6  0.630 T.1400 12,890 12.800
25 8.73 0983 11,140 B.8600 E.8600 B49  0.500 6.6800 13320 13.320
0 |-877  o09% 10.780 5.2200 92200 251  o0s20 5.8900 14.110 14.110
05 B91 L3 14,850 5.1500 5.1500 B98 1010 11.450 B.5500 8.5500
o 901 1180 13.380 6.6210 6.6210 916 0.700 7.9300 12,070 12,070
15 912 1.150 13.040 6.9610 6.9610 933 D653 7.4000 12.600 12600
ol 2 | 219 1010 11.450 8.5500 8.5500 925 0610 6.9200 13.080 13.080
E 25 921 0973 11.030 8.9700 8.9700 929 0570 6.4600 13.540 13.540
0| 928 o043 10,690 93100 9.3100 930 0540 6,1200 13,880 13.880
05 | 9910 1230 13.940 6.0600 6.0600 956 0925 10.450 9.5200 9.5200
| 1005 1175 12.320 6.6E00 6.6800 9.7 0.647 7.3300 12,670 12.670
I 15 1020 1030 1.670 3300 8.3300 976  0.607 .8800 13,120 13.120
21 0 | 02s  aose 11,150 £.8500 R.8500 SR80 0850 01,2300 10770 1.7m
§ 3 | 1027 0860 10,880 09,1200 5.1200 952 0500 50700 14330 14.330
=l W | 1033 0930 10,540 59,4600 9.4600 990 0450 5.1000 14,900 14.900

Amount af Adsorbent = 0,2
w sordmal d,

I of D. Be

i Amount of Asorbale = 20 Cm,

Adsorption = .70

Farticle Size= 150-180 pm, Initiad Concentration ofAY2y (D) =20
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Figure 4.34 Adsorption kinetics of acid yellow 29 on animal bones (ABC) charcoal samples



Table 4.26 Adsorption kinetics of acid ; carbon samples _
e ———{— Sty T -
'E' Time g D, DD, D, D, Do-D, D,
S| @ | PHx Abs (ualxi0")  (melLx10%)  (molix10% | DI  Aby (molLxi0?)  (mol/Lx10%)  (molipe0®
105 | 705 238 25,850 0.149 0.1496 695 220 24.940 1.0560 1.0560
, w0 | 710 200 22670 33240 3.3240 693 195 22.110 45910 4.8910
o] 15 | 708 190 21.542 4.4580 4.4580 692 186 21.080 49110 49110
(] 20 | 706 182 206 5.3650 3650 | 689 178 20080 5.8200 5.8200
(= 25 | 700 138 19.541 6.1587 6.1587 688 17 19.380 6.6120 6.6120
30 | 703 170 19.274 6.7256 67256 685 167 18.930 7.0650 7.0650
05 | 690 2070 23.460 2.5400 2.5400 700 1534 17.390 8.6070 86070
10 | 693 1720 19.500 6.5000 6.5000 705 0903 10.240 15.760 15.760
S0 s | 696 1430 16.780 9.2200 9.2200 706  0.600 6,8000 19.200 19.200
S| 20 | 607 1400 15.570 10.130 10.130 708 0501 5.6700 20330 20.330
25 | 698 1360 15,420 10.580 10.580 709 0402 4.5600 20440 21.440
0 | 699 1300 14.740 11.260 11.260 711 0302 3.4200 22580 22580
05 | 6% 1301 20410 05.590 05.590 00 137 15.530 10.460 10460
ol 1| 897 rano 15.870 10.130 10.130 720 0851 9.6400 16.360 16.360
L R E 13,600 12.400 12.400 722 0351 6.2800 19.720 19.720
S 20 | 702 1000 11.330 14.670 14.670 723 0450 5.1000 20.900 20.900
35 | 703 0940 10.650 15.340 15340 724 0352 19900 22010 22010
0 | 704 0500 10.200 15,790 15.790 725 0250 2.8300 23.170 23.170
05 | 697 1400 15,670 10,130 10.130 721 1100 12470 13.530 13.530
o | 707 1000 11.330 14.670 14.670 727 0604 6.8500 19.150 19.150
15 | 709 o800 06700 16,930 16.930 732 0452 51200 20,880 20.380
of 20 | 110 0.600 6.5000 19.200 19.200 735 052 3.9900 22010 22.010
a 25 7.11 0590 € GRDY- 19310 12,310 736 0.300 34000 220600 22.600
0 | 713 oss2 6.5986 19.401 19.401 740 0015 1.3000 24.700 24.700
os | 698 1210 13.720 13.281 13.281 725 LIS 14.780 11.210 11.210
0 | 705 0830 9.4100 17.590 17.590 728 0722 8.1860 17.810 17.810
15 | 710 o601 6.8140 19.186 19.186 730 0400 45300 21.470 21470
al 20 | 7 osso 6.5760 19.424 19.424 736 0303 3.4300 22,570 22,570
'§ 3 | 713 osm 6.4965 19.503 19.503 737 0235 2.5500 23450 23.450
| 0 | 715 o0se2 63718 19.628 19.628 739 0101 1.1450 24,855 24,855
ng 7.14 1.01 11451 [4.548 . 14548 T2 0.950 10,770 15220 15.220
1] 7.16 0001 GE40 20,186 20180 T.26 Dadns 52720 20,730 0.7
15 | 727 0400 4.5300 21.464 21464 738 0382 3.9900 22010 22010
[ O] 20 | 729 o385 43651 21.635 21.635 739 0202 2.2900 23.710 21710
(8] 25 | 730 oam 4.2363 21.793 21.793 742 0.040 0.4500 25.550 25.550
= 3w | 731 41156 0.020 25,770 25.770
Amount af Aisorbent = 0.3 g, Ain&uur

| wiodmol.dmr, Da
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Figure 4.35 Adsorption kinetics of acid yellow 29 on regenerated (RG) carbon samples
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Table 4.27 Adsorption kineties of acid vellow 34 on Paulownia tomentosa (

carbon samples

118

L]

Table 4.28 Adsorption kinetics of acid yellow 34 on Populus caspica (PC) carbon samples

. ut 10°C at 45 oC
E- Time . D, Dy-D, D, D, Dy-D, Dy
S| ® | pie Abu (molilxi0")  (meliLx 107)  (molfgxi0®) | Pn Abm  (molLx10%)  (mol/Lx10%) (moligx10*)
05 | o%0 p3s0 2.7200 L2300 0.2800 670 034] 24380 0.5640 0.5640
w | 675 0360 25700 0.4300 0.4300 650 0299 21350 0.8640 0.8640
=| 15 | 670 0345 24600 0.5400 0.5400 655 0270 1.9280 1.0710 1.0710
| 20 | 665 0340 24200 0.5800 0.5800 658 0245 1.7500 1.2500 1.2500
25 | 662 0335 2.4000 0.6000 01,6000 6.60  0.240 1.7100 I.2000 1.2000
w | 66l 0330 2.3500 0.6500 0.6500 662 0235 1.6700 1.3300 13300
o5 669 D275 1 9600 1.0400 1.0400 674 0202 1.4430 1.5570 1.5570
0 | 695 0240 1.7100 1.2900 1.2900 680  0.054 1.1000 2.0000 2.0000
El s | 6% oz 1.5800 14200 1.4200 684 0.130 0.9200 2.0%00 2.0800
é 0 | 697 0218 1.5300 1.4700 1.4700 686 0125 0.8900 21100 21100
23 | 699 0210 15000 1.5000 1.5000 688 0020 0.8500 2,1500 21500
W0 | o0 0200 1,4200 15800 1.5800 690 0119 0.8500 2.1500 21500
0% 9.19  0.190 1.3570 1.6430 1.6430 B60  0.145 1.0360 1.9640 1.9640
wl| © | 240 ouas 1.0360 1.9640 1.9640 871 0075 0.5350 2.4600 2.4600
= | s 9549 0115 0.8200 2.1800 2.1800 8717  0.030 0.2140 2.7900 27900
2| 2 952 0.0 0.7800 22200 2.2200 880  0.025 0.1800 2.8200 2.8200
5 9.55  0.100 0.7200 2.2800 2.2800 BAY  0.020 0.1420 2.8600 2.8600
| 957 o008 0.6R0O0 2.3200 2.3200 B35 0017 00210 2.8800 2.6800
+  Amount of Adsorbent = 0.2 g, Amount of Adsorbale = 30 Cnr3, Particle Sizos 150-280 pm, Initial Concentration af AYgq (DJ = 3
z wamaol.dm?, pl-of D. Before Adsarption = =

= atio=C at4s*C
2 | Time D. De-D, D, D, Do-D, D,
S| @ | PHs Abw (uorLxiohy)  (moliLx10) (molige10%) | P Abs (mol/Lx10%) (molLx10%)  (moligx10*)
[151 74921 (LAKE 2.77In G2 0.2 7.8 [T 2 AR50 R H] XA BT
w | 7260 035 2 3000 0.5000 0.5000 700 0280 200000 1.0000 1.0000
=] 5 | 19 03w 2.3500 .6500 0.6500 699 0245 1.7500 1.2500 12500
2] 2 | 7250 o030 2.2600 0.7200 0,7200 698 0.24] 17100 1.2900 1.2900
3| 749 0316 2.2600 0.7420 0.7420 697 0.234 16800 1.3200 1.3200
30 | 746 0310 22100 0.7850 0.7850 696 023 16400 1.3600 1.3600
o5 | 946 o090 2.0700 0.9280 0.9280 747 0242 1.7300 12700 1.2700
i | 959 0245 1.7500 1.2300 1.2500 740 0,195 13930 1.6100 16100
P01 s | 9s0 o225 1.6100 1.3900 1.3900 760 0141 1.0000 2.0000 2.0000
§ w | 962 0200 14300 L5700 1.5700 765 0135 0.9600 2.0400 2.0400
2% | 965 0.9 1.4000 1.5400 15400 771 011 0.9200 2.0800 2,0800
0 | ve8 0000 1.3500 1.6000 1.6000 779 0125 0.8900 2.1100 2.1100
05 | 1002 0250 2.0000 1.0000 1.0000 9.800 0.224 1.6000 1.4000 1.4000
o] ™ | wos o023 1.6430 1.3580 1.3580 1000 0.160 1.1400 1.8600 1.8600
=1 15 | 1006 o210 1.5000 1.5000 1.5000 1002 0.130 0.9300 2.0700 2.0700
2l 20 | 1007 o1 13000 1.6400 16400 | 1003 0420 08600 2.1400 2,1400
25 | 1009 0.85 1.3200 1.6800 1.6800 1004 0014 0.8200 21800 2.1800
30 01000 0,182 1.3000 1,7000 1,7000 1005  0.110 0.7900 2.2100 22100
¢ Amount af Adsorbent = 0.2 g, Amount of Adsorbate = 20 Cind, Particle Sizes 150-180 gim, Inilial Concentration af A¥Y34 (D) = 3
wmol.dm? , ol of D, A ion = 7,
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Figure 4.36 Adsorption kinetics of acid yellow 34 on Paulownia tomentosa (PT) carbon samples
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]
I E‘ D. Do-D, D, D, D.-D, D,
= (s) Plls Abx (malnx10%) (molLxl0®)  (molgx10) | plls  Abuw  (wmol/lx10Y (mal/Ex10%)  (molig=10%)

o5 | 831 0350 2,800 1.500 0.500 800 0320 22800 07200 07200

w | 7270 0336 2400 0,600 0.600 740 0280 2.0000 1.0000 1.0000

> 15 740 0.320 2280 0.720 0.720 7125 0.260 1.8600 1.1400 1.1400
(3] 20 | 735 o 2.230 0.770 0.770 720 0210 16400 1.3600 1.3600
35 | 733 oa08 2.200 0.800 0.300 710 0215 1.6000 1.4000 1.4000

w | 70 oa02 2.160 0540 0.840 708 0220 1.5700 1.4300 14300

05 | 926 0205 21100 0.4900 0.8900 768 0225 16100 1.1400 14000

| o | 937 0254 1.8100 1.1800 1.1800 £20 0.9 1.3800 16200 1.6200
Sl s | os2 o022 1.6100 1.4000 1.4000 860  0.160 1.1400 1.8600 18600
% 20 962 0209 1.5000 1.5000 1.5000 70 0115 0.5200 2.1800 2.1800
5 | 967 o006 14700 1.5300 1.5300 872 o110 0.7800 2.2200 2.2200

w | a7 8200 14200 1.5800 1.5800 875 0402 0.7300 2.2700 2.2700

05 |'973 0281 2.0000 1.0000 1.0000 945  0.198 1.4200 1.5800 5800

] 045 241 17200 1.2300 1.2800 236 0150 1.0700 1.9300 1.9300
087 0.201 1. 4400 1.5600 1 5600 944 0.1 09400 2.0600 2.0600
20 288  0aTI 1.2200 17800 1.7800 2.50 0uzz 0.5700 2.1300 2.1300
25 290 0.156 1.1100 1R800 1 .BEDO 831 0115 0.8200 2.1300 2.1800
992 0.143 1.0600 1.9400 1.9400 9.54 0.110 0.7800 2.2100 22100

*  Amount of Adsorbent = 0.2 g, Amount of Adsorbate = 20 Cmd, Parlicle Sizes r50-r80 pm, Initial Concentration AV (D) = 3
1o moldn, pH of D. Bofore Aduorption = 7.30 nett e =

800°C
o

at 10 °C 5 at 45 °C

D, . DDy, Dy D, Do-D, D,
PHw  Abs (molx10%  (mol/Lxl0) (moligx10*) (mol/Lx10®)  (mol/Lx10%)  (moligx10)

860 0350 2.500 0.500 0.5000 20900 K 0.9070
740 0323 1310 0.6%0 0.GR00 1.K%00 1.1 100
1358 0305 2.180 17100 1.2900
732 0395 2110 |.6400 i | 3600
T30 Q291 2070 16000 i 1.4000
727 0286 1030 4 1.5700 4 1.4300
211 0271 1.940 . i 1.7100

015 0.240 1.710 1.3600
.30 0.209 1.500 ; ; i 1.0700

935  0.200 1430 i 08600
D40 0094 1,300 07600
D45 0.192 1.370 0,7500
100 0250 1.7800 Y 1.2900
1008 0220 1.5700 1.0100
1009 0210 15000 1L D.8600
0.0 0.192 1.3700 0.6420
10,02 0.186 13300 06070
10.13 D183
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Figure 4.38 Adsorption kinetics of acid yellow 34 on Corncobs (CC) carbon samples
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Table 4.31 Adsorption kinetics of acid yellow 34 on Salvadora olesides (SO) carbon samples

124

. at 10°C at45°C
E- Time D, Du-D, D, D. Dus-D, D,
= (s) PHy  Aby  (molLx10%) (molLx10% (molgx10%) | PHm  Abm (mol/Lx10%)  (moWLx10%)  (moligx10%)
us £, 1. 380 LHSTO 1430 0.1430 G.51 1.3060 9.7 100 0.2900 0.2900
14 105 1.370 07850 L2143 0,243 0.4 1,335 0.5400 04640 04640
e 15 1.21 1,350 90420 1LA571 0.3571 7.30 1.289 92100 0.7930 0.7930
a 20 7.25 1.348 FO2R0 0.3714 0.3714 743 1.276 0.1 100 048060 0.8860
15 T.26 1346 16140 (L IR57 0. 3857 135 1.274 0.1000 0,500 0.9000
1] 1.20 I.344 06000 L4000 A0 738 1.271 00800 09210 0.9210
141 [ L] 1.360 5714 0.2857 0.2357 650 1.250 3.9200 1.0500 10800
o 6.51 1100 71.8571 2.1430 2.1430 6.70 1.000 7.1400 28600 28600
5; 15 6.52 0.930 66430 3.3570 33570 6.71 0.850 60700 39300 3.9300
3 20 654 0.900 64280 35710 Jsnoe 6.73 0.800 57100 4.2900 4. 2900
b L] 6.56 0882 63000 3.7000 3.7000 674  0.780 55700 44300 44300
0 | 657 086 6.1500 34500 18500 675 0.751 5.3600 4,6300 4.6300
0s 6.50 1.100 T.8571 21428 2.1428 (.90 0801 57100 4. 2000 4. 2790
10 6,77 0.900 ﬁ.4135 35714 15714 6.95 0.600 44,2800 57200 57200
; 15 T.00 0820 50285 40714 4.0714 717 0.505 36100 63000 6.3900
S 20 730 a.750 3.3571 46428 46428 7.19 0432 J.0800 6.9200 0.9200
25 738 0700 5.0000 50000 5,0000 730 0400 2.8200 7.1500 7.1500
| 741 0670 4.7857 52142 52142 739 0380 2.7100 7,2500 7.2500
ns .70 0.775 5.5350 A 46l 44042 018 0.630 4.5000 5.0000 5.0000
1] 9.50 0.550 39285 60714 60714 D65 0.482 34428 6.5571 6.5571
15 | 1002 0500 35714 64285 6.4285 990 0301 216 72636 72636
i" 20 10.5 0.443 J.1643 [% 557 6.3357 9.95 0260 1850 B3.1428 5.1428
= 25 10.6 0.200 28571 T 1428 T.1428 9.99 0.200 14285 B.5714 B.5714
S| 30 |00 o3 230 7.1928 7.1928 100  0.180 1.2887 87142 87142
os 9.83 0.610 4.3571 5.6428 5.6428 .48 0.430 30714 6.9280 6.9280
in 9.81 0.400 28571 T.1428 71428 9.53 0.250 |.TRS7 8.2142 8.2142
15 1000 0350 2.5000 7.5000 7.5000 10,19  0.200 1. 4285 B.5714 B.5714
E-’ 20 | 1006 0.332 23714 7.6285 7.6185 10623 Q151 1.0785 £.9214 B92l4
= | 25 100 038 22500 70500 7. 75K 1ir25 0181 (KT HAOTHS RUTHA
E k1] 10,11 03040 2.4428 74571 T.8571 10,29 0133 09500 SIS0 Q.0500)
05 | 1000 0.660 47143 52857 52857 962 0520 17143 6,2857 6.2857
10 | 1005 0440 3.1428 6,457 6.8571 964 0310 22142 77857 7.7857
15 10.7 0382 2. 7285 7.2714 7.2714 .80 0.240 17143 R.2H5T7 R.2857
&-’ 20 o 0342 24428 15571 1.5571 O.88 0.180 1.2857 B.7143 B.7143
E 5 10,10 D325 23214 T.6785 T.6785 9.95 0.166 1.1857 BEI43 88143
5 o 1012 0311 22214 1.7785 1.7785 997 0146 1.0428 B95T 89571

Amaount of Adsorbenl = 0.2 g, Amount gf Adsorbaie » 20 Cm3, Particle Sizes 150-180 am, Initial Concentration afAY34 (D)= 10

w s Sperl ol ,

Hal D

ore A

fomn = 6. 10
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Figure 4.40 Adsorption kinctics of acid yellow 34 on Salvadora olevides (SO) carbon samples
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Table 4.32 Adsorption kineties of acid vellow 34 on animal bones {(ABC) charcoal samples

. at 10 C at 45°C |
| Té:- Time D. DD, D, D, Da-D, D,
S| ® | Plx Abw (molix10%)  (molLxi0") (movgxioY) | Pl Abu (mol/Lx10%)  (moliLx10®)  (moligx10*)
o5 | 876 1200  $5700 1.4300 14300 | 771 1030 73500 26500 26500
o | 350 po1s 6.5300 34700 34700 813 0788 5.6300 43700 4.3700
(O] 15 | 830 a0z 6.0000 4.0000 4.0000 BIZ 0716 5.1100 4.8900 4.8900
§ 20 | 325 0320 5.8500 4.1500 4.1500 520 0690 4.9300 50700 50700
25 | 820 os0 57800 4.2200 42200 822 0670 4.7800 5.2200 5.2200
i |30 | 819 00 ssé00 43600 4,3600 $24 0660 47100 5.2000 52900
' o5 | soo o003 6.4500 3.5500 3.5500 240  0.686 49000 51000 5.1000
9 i | ss0 o703 50200 4.9800 4.9800 853 0504 3.6000 6.4000 6.4000
=1 15 | 861 0606 4.3300 S.6700 S.6700 875 0392 2.8000 7.2000 7.2000
Tl 2w | s an 4.1700 S.4300 5.8300 BEL 0300 2.1400 78600 7.R600
' 23 | 871 393 3.9300 00 0.0700 BHY 0280 2.0000 B.0000 #0000
o | B84 as2 38200 0.1 800 61800 &E5 0201 LEROO 1200 B.1 200
s HED 0341 06.000 4,000 4,0000 002 0613 4.3700 5.6300 5.6300
to | 900  0.42 4.580 5420 54200 930 0491 35100 6.4900 6.4900
15 | 901 0534 1810 6190 6.1900 044 092 2.8000 7.2000 7.2000
d 20 | 900 os00 3.570 6430 6.4300 949 0285 2.6300 7.9700 7.0700
d 25 | 890 oan 3360 0.0640 6.6400 055  0.260 1.8500 8.1500 £,1500
| % 3 | 886 D440 1140 0.860 6.8600 959  0.245 1.7500 8.2500 £.2500
05 | 936 0668 4.770 5230 5.2300 960 0620 4.4300 5.5700 5.5700
| o .60 0534 1RI0 6190 6.1900 9435 0.430 30700 69300 6.9300
' 15 | 272  g4s2 3.220 6,780 6.7800 970 0336 24000 7.6000 7.6000
20 | 974 043 2870 7.130 7.1300 937 0251 1.7900 £.2100 82100
25 | 976 038 2720 7280 7.2800 980 0222 1.5800 8.4200 84200
. 0 | 978 o3z 2.650 1350 7.3500 982 0200 1.4200 8.5800 8.5800
| 05 | 1042 0630 4.5000 5.5000 5.5000 10,10  0.598 4.2700 5.7300 5.7300
10 | 1061 0.654 3.2400 6.7600 6.7600 10.60  0.964 33100 6.6800 6.6800
. 15 | 1065 0381 2.5100 74900 7.4900 s 0376 24e00 7.3100 73100 |
E-’ 0 71 0321 2.2900 7.7100 7.7100 1063 0,381 2000 - T MM TN :
§ 35 | wn 029 20700 7.0300 7.9300 1065 0200 1.4300 8.5700 Rs700 |
=1 3 | 1081 0270 19300 £.0700 8.0700 10.67  0.181 1.2900 B.7100 87100
¢ Amount of Adsorbent = 0.2 g, Amount of, 'I.ihurbu.!u = 20 Cidy Particle Size= s50-180 g, Initial Concentration WAV (1) = p0
* iotmol.dm, pH of D. Before Adsorp u .00
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Figure 441 Adsorption kinetics of acid yellow 34 on animal bones charcoal (ABC) samples



Table 4.33 Adsorption kinetics of acid yellow 34 on regenerated (RG) earbon samples

- . at 10«C at45°C -
2| Time D, DD, D, D, D.-D, D,
= £ Py Aby (mollx10®)  (mollx10%)  (moligx10*) | plle  Abx (mol/Lx10?y  (molilx10%)  (moljgx10*)
os | 693 1030 73570 0.6430 0.6430 691  1.025 73214 06745 06783
o | 690 1,002 1.1570 0.5430 0.8430 686 1,001 7.1500 0.8500 0.8500
O 15 | e38 0.994 7.1000 0.9000 0.9000 679 0.995 7.1071 0.3928 0.8928
g 2o | 687 0980 7.0430 0.9570 0.9570 978 0942 7.0143 0.9857 0.9857
5 | 686 0978 69850 1.0140 1.0140 675 0974 6,957 1.0428 1.0428
W | 6B 00 1.9570 10430 1,0430 6.74 0972 6.0428 10571 10471
us 688 1020 7.2850 0.7140 07140 e85 0.907 06,4700 13300 13300
m | 711 o.ws 7.0350 0.9640 0.9640 o8 077 5.5100 2.4900 24900
Plos |12 o09so 6.7550 12140 1.2140 00 078 51300 23700 28700
S| 2 | 15 o0sw 64210 1.5780 1.5780 702 0700 5.0000 3.0000 3.0000
25 | 119 os 6.3000 1.7000 1.7000 703 0695 4.9640 30350 3.0350
3 | 120 o08M 6.2780 1.7210 1.7210 T4 0690 49280 30710 30710
os | 700 0.0 6:4280 1.5T10 1.5710 700 0586 6.3280 1.6714 1.6714
ol ® | 70 0360 54280 25710 25710 696 0,789 5.63%0 23643 2.3643
=| 15 | 707 o700 5.0000 3.0000 3.0000 68s 0681 48640 11357 3.1357
S| 20 | 106 0690 4.9280 10710 10710 6.84 0673 4.3071 31930 31930
5 | 704 0.687 4,0070 10030 10920 6.80 0,660 4.7143 32857 3.2857
. o | o3 ol o B0 3.1350 31350 679 0.654 4.6713 3.3285 3288
os | 760 0700 5.0000 3.0000 3.0000 723 0610 4.1570 3.6430 1.6430
10 | 750 0584 4.1710 15280 18280 740 0499 3.5640 4.4350 44350
15 748 0.507 35850 4.4140 44140 731 D440 31430 48570 48570
20 | 747 0480 3.4280 45710 45710 730 0420 3.0000 5.0000 5.0000
3 25 | 145 04m 33640 4.63%0 4.63%0 129 0400 2.8570 5.1430 3.1430
0 | 744 o4 32710 4.7280 4.7280 728 03N 2.8000 52000 5.2000
05 715 0,530 31,7850 4.2140 4.2140 708 0520 3.7140 4.2850 4,2850
| 704 0409 20210 5.0780 5.0780 706 0,399 2.8500 5.1500 5.1500
15 | 7 0230 23570 5.6420 5.6420 705 0300 21430 5.8570 $.8570
| W 7.05 0.310 12140 5.7850 S7RA0 T.03 0,273 1.9500 60500 RILI
=| 3 | 100 0202 2.1570 58420 58420 701 028 1H000 62000 63,2000
S| 30 | 690 o280 2.1280 54710 58710 700 0239 1.7070 2930 6.2930
035 | 745 0950 6.780 1.220 1.2200 696 0870 6.2140 1.7850 1.7850
o | 740  0.80% 5.750 2250 2.2500 7.19  0.76% 54640 2.5350 2.5350
15 | 738 0768 5480 2520 2.5200 7.18  0.680 48570 3.1430 3.1430
L] 2 737 071 5070 2930 2.9300 717 0.620 4.4300 35710 15710
§ 25 735 000 5.000 1.000 3.0000 716 D602 4,3000 3.7000 31,7000
=1 30 | 734 o.pes: 4.914 3085 3.0850 794 0.584 41700 38200 18200
¢ Amount of Adsarbent = 0.2 g, Amount of Adserbate = 20 Cm9, Particle Size= 150-180 pm, Initinl Concentration of AY3q (Da) = # »
wmal.dma , pif of B, Before Adsorplion = G.20 J
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Figure 4.42 Adsorption kinetics of acid yellow 34 on regenerated (RG) carbon samples
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Table 4.34 Adsorption kinctics of acid orange 7 on Paulownia tementosa (I'T) carbon

. at 10 °C ; at 45 oC
£ | Time D. Do-D, D, D, Do-D, D,
S| ® | plle Aby  (moltx10%) (moVLx10%) (moligx10% | PHx  Aby  (moULxi0%) (mollx10%) {moligx 10
o5 K.0x 0,420 2.650 0350 0.350 750 0402 2.530 0470 ]
0 | 743 0400 2.520 0.480 0.480 736 039 2440 0.540 0.540
S| 15 | 129 oes 2.490 0.510 0.510 723 080 2.390 0.610 0.610
Sl 20 | 720 a9 2,460 0.540 0.540 710 0370 2330 0670 0.670
25 | 715 03w 2420 0,580 0.580 T8 0368 2,300 0.700 0.700
w ol e 0w 2.400 0,600 0,600 17 0.360 2270 0.730 0.730
05 | 730 037 237 0.630 0.630 714 0.356 2.4 0.760 0.760
w | 723 0350 2.20 0,800 0.800 734 033 2.10 0.900 0.500
115 | 7230 0330 208 0.920 0.920 750 0320 201 0.990 0.990
S| 20 | 735 o3z 208 0.950 0.950 760 0310 195 1.050 1.050
25 1.8 0320 2.01 0.5%00 0,990 7.65 0305 1.92 1.0%0 | 080
0 | 744 0318 1.98 1020 1.020 770 0301 1.89 1110 111D
os | 906 o201 1.640 1,360 1360 938 0205 1,292 1.707 1.707
ol 1o | 9se o2 1,380 1 620 1.620 931 0.138 0870 2.130 2130
e I5 D6 0.200 1260 740 1.740 .34 0,130 0820 2.1R0 FR L
g w | v oo 1190 | 810 1810 936 0123 0,770 2.230 2.230
235 | e oass 1160 1 840 1840 940 0120 0,750 2250 2.250
0 | 914 oaso 1,130 1.670 1.870 943 0.114 0.720 2280 2.280
+  Amount of Adsorbenl = 0.2 g, Amount af Adsorbate = 20 Cm43, Particle Size = 150-180 pmy, Initiol Concentration af AQ-7 (W) = 3 »
) 1ot dlevd, pil af 1, Hefore A inn = & 1o

Table 4.35Adsorption kinetics of acid orange 7 on Populus caspica {PC) carbon samples

2 at 10 °C at 45°C
_E- Titne D, De-D, Dy n, Da-D, Dy
S 6| PHy Abu (molx10%)  (molLx10Y)  (moligx10y) | pEHm  Abx (molLxl0®)  (mol/Lx10%)  (moligx10%)
s T7.95 0450 2.8M) (170 0170 T01 [LE N 258 1020 1420
] ‘J'."Iﬂ 0420 z.ﬁ:m' (0,350 0.350 7.35 0.IED .20 D610 R
| 15 | 750 0400 2.520 0.480 0,480 772 0371 2.33 0.670 0,670
2| 20 | 745 0390 2.460 0.540 0.540 770 0.360 227 0.730 0.730
25 | 740 0385 2420 0.580 0.5%0 768 0354 123 0.770 D.770
10 738 0.380 2.390 0610 0610 167 0.350 220 0300 0.800
o3 G432 0390 246 0.540 0.540 9.51 0.370 233 0.670 0.670
1w | 966 0381 2.40 0.600 0.600 961 0351 221 0.790 0.790
Sl s | ees gan 213 0.670 0.670 965 0.332 209 0.910 0.910
§ 0 |90 0360 127 0.730 0,730 970 0324 2.04 0.960 0.960)
| 972 035 2.24 0,760 0,760 932 0317 1.2y 1010 1010
0 | 974 0350 2.20 0.800 0.800 973 0307 1.9 1.070 L0
o5 | 1009 0350 2200 DsoD 0,800 1007 0321 2020 0.980 0.980
w 10 10.14 0330 2.080 0.920 0.920 10.09 0310 1.950 1.050 1.050
"3 I5 10.15 0320 2.010 0.990 0.990 10,10  0.300 1.890 1110 1.110
e ] 10,17 0310 1.950 1.0%0 1.0%0 1001 0292 |.840 1.160 1.160
25 10,18 0306 1.920 1.08D |.080 10,12 D284 1.790 1.210 1.210
0 10,19 0300 1.860 1.140 1.140 1013 0.277 I ?:in 1. 260 1.260

*  Iwitial Concemtrmtivn of ABI(DJ = 2 x 100 moladur! , Adsorbent doze = 0.2 g, Adsorbare volume=20 Car’, Particle size=i50-180 pty , i1 af
D, befare uedsorpilon = 7,00 :
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Figure 4.43 Adsorption kinetics of acid orange 7 on Paulownia tomentosa (PT) carbon samples



(K]
oK Raw carbon
" :
L e
L4
T 0.3
b1
E 04
-
8 aa
[
[N ]
a
[ Lo 1a I3 20 1% an 1 13
Time (1)
12
400 "C activated carbon
o
2
o
s
]
E
*
(]
n 3 1o 13 0 13 ia k]
Tume (1)
14
208 "C activawd garban -
I .
-
%
g
£
k-
&
*
(=1

" ] ia s 208 23 3o 33
Tima [s)

Figure 4.44 Adsorption Kinetics of acid orange 7 on Populus caspica (PC) carbon samples

135



Table 4.36 Adsorption kinctics of acid oran ge 7 on corncabs (CC) carbon samples

B atioee ) —at4seC -
| 2| Time D,’ Du-D, D, D. Do-D, D,
G| ® | pls Abn o (molLx10h)  (molx10%)  (mobgx10% | PHu  Aby (mol/Lx10?)  (moliLx10%)  (mal/gx10%)
o5 | 872 0460 2.90 0.100 0.100 893 0420 2.650 0.350 0.50
10 | 820 0435 274 0.260 0.260 516 0400 2.520 0.480 0.480
=| ¥ | 7% o400 2.58 0.420 0.420 506 039 2.460 0.540 0.540
E 10 750 0405 2.55 0.450 0.450 8.00 0381 2,390 0610 o610
25 | 770 0400 2.52 0480 0.480 199 0370 2.330 0.670 0,670
o | r60 0397 2.50 0.500 0.500 798 0362 2.280 0.720 0.720
: 4s ] 970 0360 2270 0,730 0.730 930 0348 2.190 010 0K10
0 | o83 0340 2.140 0.860 0.860 932 0334 2.100 0.900 0.900
Pl s | oss o33 2.080 0.920 0.920 9274 0.321 2.020 0.980 0.980
S 20 | oss o3 2080 0.950 0.950 936 0311 1960 1040 1040
25 | 990 0320 2.010 0.990 0.990 277 033 1.890 L1109 1110
o | 992 0310 1.950 1050 1,050 979 0.290 1,820 1.180 1180
05 | 10.00  0.260 1.640 1.360 1.360 9030 0248 1.5637 14364 | A3
ol | 0er o2 1.570 1.430 1430 9050  0.220 13472 16129 16129
=] 15 | w0 o040 1.510 1490 1.490 9950 0.200 1.2620 1.7389 17189
(=] 20 | 1004 0233 1.480 1.520 1.520 1000 0.180 1.1349 1.8650 18630
25 | 1008 0230 1.450 1.550 1.550 10.03  0.160 1.0089 1.9920 1.9920
30 | 1006 0223 1410 1.590 1.590 1004 0.143 0.9017 2.0984 20984

* Amaunt af Adserbent = o2 g, Amount of Adsorbate = 20 Cmd, Particle Slae = 1F0-180 g,

Initial Concentrallon af AQ-7 (I}y) = 3 »
rodimal.dind, plt of D. tefore Adsorption = 8.0 i

Table 4.37 Adsorption kinetics of acid oran ¢ 7 on Ailanthus altissima (AA) carbon samples

= at 10 =C at 45°C
2| Time D, Du-D, D, D. . DD, Dy
S| © | PHx Aby (molLx10)  (molLx10")  (moligx10%) | P Abu (molLx10)  (mol/Lx10%)  (moligx10%)
ns 9.512 0.471 2.970 0030 0.030 a.91 N.450 2.850 0.150 0150
|11 R.T0 0.447 2%lo 0.190 0.190 B na3s 2740 .26 0. 201
s| 15| 865 04w 2730 0270 270 831 0421 2450 0.350 0.350
2| 2 | 864 0423 2,660 0340 0340 830 0410 2.580 0.420 0.420
25 5.63 0415 2.610 0.3 0390 828 0.402 2.530 0470 0470
k1] 8.62 a4l 2.580 0,420 0.420 3.16 0.400 2,520 0480 D.480
05 9.51 0.390 2460 0.540 0.540 .48 0.370 23130 0.670 0.670
' 10 0.57 0380 2300 0.610 0.610 9.50 0358 250 0.750 0.750
.: 15 | 960 o3 2330 0.670 0,670 958 0.350 200 0.800 0.800
= 963 0360 2.260 0.740 0.740 0.60 0344 2.170 0.830 0.830
25 | 965 03s2 2.220 0.780 0.780 962 0339 2130 0.670 0.870
30 2.69 0.246 2.180 0.820 0.820 964 0.334 2100 0.900 0.900
05 | 1001 0.330 2.080 0.920 0.920 1007 0.320 2010 0.990 0,990
ol o |2 030 201 0.990 0.990 1009 0301 1,900 1.160 1.100
qs 15 10,14 0310 1.950 1.050 1.050 10,10 0285 1.860 1.140 1.140
b 20 10.15 0300 1.800 1.110 1110 18.11 0291 1.830 1.170 1.170
25 10,16 0290 |1.820 1.180 1.180 112 0.285 I.?‘?ﬂ 1210 1210
1 | 1008  oa2ss 1.790 1210 1.210 10.14 0281 1.770 1.230 1.230

*  Amcrind @fphhuﬂ:m:l- 0.2 gy Aot af Adsorbate » 30 Cmed, Particle Stee « 150-180 gy Initial Conventralion af AQ-7 (1)) = a3
e ilo, plf of Da re Adsorpiion = 810 !
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Figure 4.46 Adsorption kinetics of acid orange 7 on Ailanthus altissima (AA) carbon samples



- Table 4.38 Adsorption kinetics of acid orange 7 on Salvadora oleoides 50) carbon samples

139

Amounl af Adsorbent = 0.2 g, Amount of Adsorbate = 20 Cmr3, Particle Sizes

A=

= 8.2 w10%mol.dm? , pif of D. B

A

tion = &,

150-180 pm, fnitiol Concentrotion of

B at 10 °C at 45 9C |
2 | Time D D.-D, D, D, Dy-D, D,
S| ©@ | plw  Abx  (molLx10%) (molLx10% (molgx10%) | PHm  Aby (mol/Lx10%)  (mol/Lx107)  (moligx1d
o5 | a8 1300 8.1967 0.0032 0.0032 764 1275 2.0400 0.1600 0.1600
10 | g6t 125 78814 0.3185 03185 544 1220 7.6900 0.5100 0.5100
=| 15 | 865 1230 77553 0.4446 0.4446 862 1.200 7.5600 0.6400 0.6400
2| 2 | 867 1210 7.6292 0.5707 0.5707 864 1150 7.2500 0.9500 0.9500
25 | 820 1am 7.4404 0.7539 0.7539 270 1110 6.9900 1.2100 12100
w | g1 Lm 7.3896 0.£103 0.8103 £75 1100 £.9300 12700 1.2700
05 | 678 1250 7.88 0.320 0.320 716 1.000 6.300 1.900 1900
0 | ¢80 1140 7.18 1.020 1.020 728 099 6.240 1.960 1.960
1 s | s 10%0 6.62 1.580 1.580 724 0985 6.210 1.990 1.990
S| 20 | 686 0905 6.27 1.930 1.930 726  0.980 6.180 2020 2020
23 | 690  09% 6.24 1.960 1.960 728 0975 6.140 1.060 2,060
0 | 692 o098 6.21 1.990 1.990 732 0971 6110 2,000 209
0s | 78 1108 6.96 1.240 1.240 818 0850 5.36 2.840 2.840
of 1w | s2 s 6.46 1.740 1.740 845 0.650 4.10 4.100 4,100
= 15 840 099% 6.28 1.920 1.920 847  0.600 378 4420 4,420
§ m H43 0987 622 1 7% 1.9%0 49 0.550 Jda 4. 740 4. 740
35 | 850 098 6.19 201 201 852 0510 321 4,990 4.990
0 | 865 0977 6,16 2.04 204 BS3 0400 3.09 5110 5110
0s [ 9780 0910 5,730 2470 2470 | 9830 0.645 4.066 4.130 a0
w | 9060 0774 4,680 3320 3320 1002 0510 3210 4.990 4,990
15 | 9990 o7%0 4730 3470 3470 1015 0.460 2.900 5.300 5,300
wl 20 | 0o o07e2 4680 1520 3.520 1020 0410 2.580 5.620 5.620
?;._ s | 1008 o012 4610 3500 3.590 1025  03% 2460 5.740 5,740
=l W 10.10 0732 4.610 1590 3.390 1027 0370 2.330 5870 i8T0
os | o800 o772 4860 3,340 3,340 9520 0.600 1783 4416 4416
o | 9850 e.6d0 4,030 4170 4.170 10.00  0.450 2.840 5.360 5,360
15 | 9930 0575 3620 4,580 4.580 1021 0.400 2.520 5.680 5,680
ul 20 1w  osel’ 1540 4,660 4.660 1030 0.380 2.390 5810 5810
2| s | 1005 o0ss2 3480 4720 4720 1035 0370 2330 $A70 SK70
Sl 30 | 1010 o0so 3410 1790 4790 1040 0362 2280 5920 5920
o5 | 9900 0752 4130 3470 3470 976 0450 2.840 5.360 5,360
0 | 9980 0.600 3,780 4420 4420 984 0300 1.890 6.310 6310
15 | 1000 0550 3,460 4.740 4.740 995 0270 1.700 6.500 6.500
S 20 | w0 os4 1410 4.790 4,790 0.90 0251 1.570 6.630 6.630
&l s |05 osn 1.350 4.850 4.850 1003 0240 1.510 6.090 6.690
=| 30 | 1020 os 3270 4930 4930 1004 0230 1.450 6.750 6.750
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Figure 4.47 Adsorption kinetics of acid orange 7 on Salvadora oleoides (SO) carbon samples
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Table 439 Adsorption kinetics of acid oran oe 7

on animal bones charcoal (ABC) samples

14

tefore Adso Piion = 6.00

, at 45 °C |
I E- Time D. Do-D, Dy D, Do-D, D,
(5| @ | Piu Aby  (molix10%) (moVLx10%) (molgxi0®)| Plu  Abs (mol/Lx107)  (mol/Lx10%)  (molgx10
' o5 | 708 120 7.060 2.940 2,940 B8 1100 0.930 1070 1070
‘ w | 736 1000 6.310 2,690 3.690 844 0984 6.200 3800 1800
o | 18 751 0875 5510 4.490 4.490 825 05350 5300 4.640 4.640
| § 0 | 735 08s) 5360 4,640 4.640 822 0300 5.040 4,960 4,960
2% | 1ol agw 5230 4770 4,770 820 0.76! 4,800 5,200 5.200
‘ w | 765 08I0 5110 4.890 4800 219 a7 4,540 5460 5460
|! [ 738 0781 4.920 5.080 5.080 B13 0733 40622 5378 5378
T 10 7.51 0.682 4.300 5100 5.700 E.21 0418 2. 700 7,240 7.240
'E 15 .62 0.55] 1470 6530 6530 830 0.30) 2.270 7.730 7730
=) o | 768 o032 3270 6.730 6730 831 0300 | B9 8110 R110
3 | 2m oso 3170 6830 6830 833 0251 1.580 B420 BA20
| w | 7270  ocam 3,030 6.970 £.970 Bl 0221 1.390 B.6I0 B.610
,' o5 | BS5 0750 4730 5.270 5270 BOd D605 3810 6,190 6.190
i ' w | k92 o630 3,970 6030 6.030 899 0331 2.080 7920 7.920
15 | a1 0451 2540 7.160 7.160 901 0306 1.930 5.070 £.070
ul 2 | 94 o402 1530 7470 7470 905 .20 I 00 8,360 B.360
'E 35 | ook 03s 2.210 7.790 7.790 906 0210 1,320 8.680 8.680
=) 3 | 900 0300 1.800 2110 B.110 o010  0aN 1.070 8930 §.030
.’ 05 | 935 oss! 4105 4,095 4095 950  0.502 1105 6.835 6835
1w | 944 0436 1.060 6.940 6.940 9.51 0280 1,760 8,240 B.240
15 947 027 1710 8290 2290 956 0.0M 0,848 9,150 9.150
m | van 02 1.580 K420 8420 960  0.100 0.630 9.370 9370
‘% 25 | 951 o2 1459 8.550 8.550 962  0.08 0,511 9.500 9,500
- | 25 022 1.390 8610 8610 263 0,06 0.354 9,620 9,620
‘ 05 | 1000 0580 1657 6.343 6.341 1003 0418 2,760 7.240 7240
o | nioo  o3ss 1.440 7.560 7.560 10.06 0244 1.540 8.460 B.460
| 15 | w3 ozs 1.580 B.420 B.420 loge 0120 0,750 0,250 0.250
21 2 | wie o2m 1.390 g0 010 lan oo 1560 LRt LT
I § 23 | w7 o200 |.260 5740 8740 1012 0070 04410 0.560 0460
| =] 0 | 1020 ous 1.140 8.860 B.560 1016 0,052 0.350 9,630 9,050
L Amount agf Adsorben! = ag.dmuum nrhrl = 20 Cird, u#&n- 150-080 g, r.‘ Concentration g —
L
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Figure 4.48 Adsorption kinetics of acid orange 7 on animal bones charcoal (ABC) samples
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Table 4.40 AIJHH‘ tion ]-um:lics r.-f aeid orange 7 on regenerated (RG) carbon samples

145

Amnum m’dr!.mr.l.lmlt o :}.: i Amnuut qmd.r-urbu.ln - n.- Ci,
D, B

AD o) = :S Hlﬂ'lmul.n'm-\l I

J’nrmﬂuﬂ:u- 150-180 .um. Initial Ennmnrmum ]
e Adsorption = 6.00

. at 45 °C
| Time . D, DeD, D, D. Deo-D, D,
=1 @ | pHx Abw  (molx10%) (moVLxI0%) (molgx10®) | PHln  Abs  (molLx10%) (molLx10%) (moligx10%)
05 | 671 230 14,50 3,498 3,498 6,65 1950 12.29 5,700 5,700
10 067 1.930 [2.16 5.84 584 .00 1.725 10.870 7.130 130
O 15 | 665 1904 12.00 6.00 6.00 665 1.685 10,620 7.380 7.380
2] 20 | 664 18: 11.86 614 Gl4 G664 1625 10.240 7.760 7.760
Tl s | 663 1870 1.79 6.21 621 663 1580 9.960 8040 8.040
0 | 662 18061 1.73 6.27 6.27 6.62 1,550 9,770 £.210 8230
os | 670 2200 13,870 4.1286 4.1286 6.87  1.930 12.16 5.8400 5.8400
o | 685 1900 1197 L0300 6.0300 685 1610 10.15 78500 78500
15 | 690 1850 11.66 6.3400 6.3400 690 1580 9.960 8.0400 8.0400
0 | 692 13821 1148 65200 6.5200 692 150 9.4%n £.5500 85500
25 0695 1.8503 LM 06300 66300 693 1.450 D040 R.E600 B BOO0
I | 696 1781 122 6.7500 6.7800 694 140 8.820 9.1500 9.1800
os | 6717 2000 12,61 5.390 5390 641  1.000 1197 6.0300 6.0300
w | 705 1853 |1.68 6,32 6,320 690 1,560 9,830 81700 81700
5 | 1o 1sol 11.35 L.65 6,650 69z 1300 9458 B.5420 £.5420
20 | 102 1770 1116 .54 6.840 695 1470 9.260 8.7400 87400
3|1 11m 11.04 696 6.960 699 1420 8950 0.0500 9.0500
| 14 L7 10,91 7.09 7.090 705 1380 700 0.3000 93000
os | 647 1900 1,97 6.000 6.030 206 1.850 11.66 6,340 6,340
w | o0 1750 607 697 6970 T 1500 0,450 4,550 K550
15 705  1.700 728 728 7.280 715 1475 9.300 £.700 £.700
I o] 20 | 700 1653 7.58 7.58 7.580 730 1380 8.700 9,300 9.300
. % 25 |.700 1603 7.90 7.90 7.900 7.3 1300 8190 9810 2.510
0| T3 1550 B.23 523 8.230 735 1250 7880 1012 10.12
o5 | 675 1mE0 11,453 0.1 6,146 740 1B40 |16t 6.400 {5,400
1o | 688 1700 10,71 7.290 7.290 742 1400 8.820 9,180 0,180
15 | 692 165 10.42 7.580 7.580 745 135 8.520 9.480 9.480
ol 20 6,93 1 .600 10,08 7920 7.920 1.50 1.2ED ROT0 Qa9 0.9
- ‘§ 25 | 698 1550 9770 5230 8230 755 120 1750 1250 1250
| 700 1.as0 0,330 B470 £.670 760 1155 7,280 10,720 10,720
o5 | 710 18s0 11,60 0 340 £.340 00 182 12 (518 B.51K
w | 730 1650 10.400 7.600 7.600 720 1350 5510 0,490 DA
15 722 1560 9.830 8170 8.170 722 1310 B.260 9.740 9740
l O 20 | 730 13500 0,450 K550 B.550 7.00 1250 1,580 1012 10.12
' § 25 732 1430 9.010 £.990 8.990 732 1210 1.630 10.37 10.37
=] 3 | 7.3 $.700 9.300 9.300 733 1150 7,250 10,75 10.75
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Figure 4.49 Adsorption kinetics of acid orange 7 on regenerated (RG) carbon samples
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Table 4.41 Aduur tion kinetics ol acid nr:m u 10 on earbon Pt.-.-n'murnm rmrmlmsn (PT) samples

_— - e

[ at10°C at 45 °C
‘E- Time D, Dw-D, D, D. Dw-D, D,
| & (s) Plu  Abs (molflx10?%)  (molLx10?) (mobgxto®) | plle  Aby (mol/Lxl0?)  (mol/Lel0®y  (maligxio®
s | 735 0208 1.956 00437 0.0437 681 0284 1883 01170 01170
10 | 708 0288 1910 0.0910 0.0910 700 0270 i.791 0.2005 0.2005
| 15 | 700 0280 1.850 0.1500 0.1500 710 0262 1737 0.2630 0.2630
2] 2 | sos 02w 1.790 B.2100 0.2100 700 260 1.724 0.2760 03760
25 6,95 0,265 1.750 0.2500 0.2500 T.12 0.258 1711 0.2891 0.2891
W] 695 0265 1750 0.2600 0.2600 713 0256 1.697 0.3024 0.3024
05 | em1 0225 .49 0.si0 0.510 700 0218 1.440 0.560 0860
' 0 | 6% 0210 139 0610 0.610 732 0200 1.320 0.630 0.680
1l s | 72 0200 133 0670 0.670 747 0,190 1.260 0.740 0.740
| E w0 | 725 o098 1.32 0.680 0680 750 0,188 |.220 0.780 0,780
; 3 | 7230 0198 129 0,710 0710 751 0082 1200 0.800 0.800
w | 133 0a92 1.27 0.730 0.730 753 01850 1.190 0.810 0.810
os | 397 Qg0 1.190 0810 0810 931  0.100 0.660 1340 1.340
; o | 933  0.80 1.060 0.940 0.940 937  0.080 0.530 1470 1.470
i *;‘ 15 | 241 o0us0 0,990 1.010 1010 239  0.070 0.460 1.540 1.540
‘ B 20 | oas  ou4s D960 | 040 1.040 940 0061 0410 1590 1550
. 25 | 949 0.0 0,920 1.080 1.080 942  0.060 0.390 1.610 1610
0 | 952 0135 0.890 1110 1.110 043 0050 0330 1670 1670

“® Amaunt af Adsorbent = 0.2 ﬂr,Jl.mwnl aof Adsorbate = 20 Cm3, Particle Size= 150-180 pum, Initial Concentration qrmm (D=2 -
_todmol.dm? , H af D. Before Adsorption = - 5.2,

.

Table 4.42 Adsorption kinetics of acid orange HII on Populus cnsma C carbon samples

e e — | —— S —— .

(™ at 10 9C at 45 °C |
il S| Time D, De-D, D, D, De-D, D,

G| | PHx Abw (molx10Y) (molVLx10% (moligx10¥) | PHu  Aby  (molLx10%) (molLx10%) (mol/gx10*

' 05 | 700 029 1920 0.0%0 0.080 791 0208 1.770 02M0 0
w | 750 02 1.790 0.210 0.210 .76 0.2%0 1650 0,350 0.350
[ 2| 15 | 745 0200 1720 0.280 0.280 774 0240 1,590 0.410 0410
2] 20 | 743 o280 1.650 0.150 0350 771 0230 1520 0,480 0,480
- 2 | 742 0248 1620 0380 0.380 768 0228 1510 0.4% 0.490
w | 740 0242 1.600 0.400 0.400 67 0225 1.490 0.510 0.510
05 | 900 o282 1.670 0.330 0.330 961 0232 1.540 0.460 0400
w | e 022 1.530 0470 0470 963 0210 1,390 0.610 0.610
I;" 15 | 93 0220 1450 0.550 0.550 064 0,200 1.320 0,680 0,680
(S| 20 | 935 0217 1.430 0.570 0.570 965  0.195 1.290 0.710 0.710
| 2 9371 0212 1400 0.600 0.600 967 0193 1.280 0.720 0.720
{ w | 938 0208 1,360 0.640 0,640 970  0.187 1.240 0.760 0.760
o5 [ w01 o019 1120 0.680 0.680 1007 0.190 1.260 0.760 0.760
ol 1 | w3 oaso 1.190 0810 0.810 1008 0170 1.120 0.880 0.880
S| 15 |woes oun 1.140 0.860 0.860 1009  0.160 1.060 0.940 0.940
' S| 20 | 0os oie 1.100 0.900 0.900 1010 0.150 0.990 1.010 1.010
l 25 1006 0,160 1060 0.940 0.940 1041 0145 0.960 1.040 1,040
30 | 1008 0155 1.020 0.980 0.980 1012 0138 0.900 1.100 1,100

. Amnmﬂ' qpld.mrbnl = 0.2 g, Amount q,rAdmrhuu = 20 Om2, Particle Sive= 150-180 pm, Initial Concentrotion of AQ-10 (1) = 2 »
| 10%mol.dma, i af . Before Adsorp I'-uns pa
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Figure 4.50 Adsorption Kinetics of acid orange 10 on Paulownia tomentosa (PT) carbon samples
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T:hle 4. 43 Adsor linu kinetics of acid orange ID on corncabs (CC) cnrbun samples

ﬂt 10°C b, & at45eC =
i Time | D, Ds-D, D, D, D,-D, D,

| E (&) | pHw  Abw  (molLx10*) (moWLx10%) (moligx10%y| PIIn  Abs  (molLx10%) (mol/Lx10") {moli 10

' os | k60 000 1980 0.020 0.020 576 0275 1820 0.180 0180
10 B.08 0,290 1920 (.080 0080 813 0,262 1.730 0.270 0270
i = 15 7.89 0.285 1.880 0120 0.120 8.04 0.250 1630 0.350 0350
| E 20 1.82 0.272 1.800 0.200 0.200 ED2 D245 1.620 0380 0380
| 235 T80 0.268 1.710 0.230 0230 .01 0.240 1399 . 0410 o410
o 7.50 0,260 1.760 0.240 0.240 B00 0.233 1.560 0.440 0440

| 03 .47 0,239 1.580 0.420 0.420 0.77 0,223 4 0.520 0520 J
N i} 0.30 0.220 1450 (L5550 0.530 .78 0,200 1.320 0.680 0.680
12 1s | 936 o028 1.420 0.580 0.580 279 0.190 1260 0.740 0.740
i .% 20 2.59 0.20% 1390 0.610 0610 980 0.185 1.230 770 0770
25 .62 0.202 1.340 0060 0.660 9.81 0.182 1.200 0.800 LR00

o 2.6 0.197 1300 0.700 0.700 9.82 0.0 76 | 160 0840 0840 |
05 9830 0I%0 1259 0.740 0.740 9950 0150 0.995 1.003 1.003
U 10 9930 QIR G810 1.190 1190 2970 0100 0.660 1.340 1.340
'=. 15 29350 0.0 0.720 1.280 1.280 9980 0080 0.530 1470 1.470
| & 20 2090 0.100 0660 1.340 1.340 2990  0.070 D460 1.540 1.540
15 1000 0090 0.590 1410 1410 10,060 0.060 0.390 1.610 1610
3o 10.01 U,I}M D.S?ﬂ 1. {'rﬂ 1.430 1001  0.0%50 0330 1.670 1.670

*  Amount thAI'bCﬂl' = 0.2 g, Amounl qr.ﬁbu-l'r = g0 Covd Marticle Sizes 150180 g, Initiol Cnmmlrmmn qraa-x.; ]

10%mpl.alind |, pH g Hefore Adsorption = 6 :

Table 4.44 ﬁdsur tiun kinetics of acid ur:n e 10 on Ailanthies n.i'ms.*mu JLA earbon samples

o at10°C_ . — atd5°C |
= | Time _ D, D.-D, D, D, . DeD, D,
S| ® | PHy  Abx  (molixi0%) (molLx10% (moligx10%) | Plln  Abs  (molLxi0%) (molLx10%) (moligx10*
ns B.%0 0270 1.7%90 0210 0210 279 0.250 16050 (250 ﬂ.,'l-.*lb_‘
1] E.I{LE 0250 1.650 1350 0.350 B.13% 0.220 1460 0.540 0.540
5| 15 | 865 0260 1.590 0.410 0.410 827 0200 1.330 0.670 0.670
| Il-': 0 B.64 0.230 1.520 0480 0.450 5.26 0.199 1.260 0.740 0.740
25 | se2 o228 1511 0.4880 0.4880 825 0.180 1,190 0.810 0.810
kil 8.60 0,226 1.498 05013 05013 8.24 0.170 1.112 D.EBD 0.230
05 | 915 0230 1.520 0,480 0.480 945 0200 13200 0.680 0680
10 | 926 0200 1320 0680 0.680 948 0470  1.1270 0873 0873
(2] s | o3¢ guso 1.200 0500 0.800 952 0,160 10600 0.940 0.940
20 | 941 0Je0 1060 0.940 0.940 950 0150 09900 1010 1.010
25 044 0.150 0.990 1.010 1.0i0 9.58 0.142 09220 1.058 1.058
I o 949 0144 0.954 1045 1045 9.59 0.140 09284 1.072 I.[ITI_‘
[ +] os | 1003 o200 1.330 0.670 0.670 1009 0.180 1.200 0.800 0.800
o 10 | 100s 0a%0 1130 0870 0370 10,10 0.150 0.990 1.010 1.010
=1 15 | 1005 0u1s0 0.990 1010 1010 1041 0420 079 1.210 1.210
’=° 0 10.06 0.130 Q.E60 1.140 1.140 10,12 0101 0660 1.340 1.340
= s | 1007 o010 o070 1270 1270 10,13 0.091 0.590 1.410 1.410
' 3 | 1008 0100 0.660 1340 1.340 10.14 0,080 0.550 1.470 1.470

——— ———— e — "

Amount gf Adsorbent » 0.2 g, Amouni qf‘,;tdswﬁam w20 Cmd, Parlicle Sire= :.:o-mu g, Fritinl ﬁ.m centralion af AQ-10 (D) = &
1Sl , gl o 1y, lgfore Adso Plion = 6.
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Figure 4.52 Adsorption kinetics of acid orange 10 on Corncobs (CC) carbon samples
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Figure 4.53 Adsorption kinetics of acid orange 10 on Ailanthus altissima (AA) carbon samples -
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at 45 °C |
L)
| S| Time| - D, Do-D, D, D, De-D, D,
S| ® | pHx Abw (moVix10%) (moVLx10%) (molgx10) | PHu  Aby  (molLx10%) (mol/Lx10?) (mollgx104)
05 | 665 0715 4.7400 0.060 0.060 £53 0700 4.6400 0.160 0,160
10 | 6% o700 4.6400 0.160 0.160 811 0680 45100 0.290 0.200
2| 15 | 700 o6m 4.5800 0.220 0.220 797 0673 4.4700 0.330 0,330
12| 20 | 210 o682 4.5200 0.280 0.280 790 0670 4.4400 0.360 0.360
15 | 120 06m 4.4900 0310 0.310 785  0.665 4.4100 0.390 0.390
o | 722 o047 44830 0.317 0.317 780 0.664 4.4032 0.397 0.397
05 | 618 0686 4.5500 0.2500 0.2500 669 0678 4.496 0.3039 0.3039
w | 626 0672 4.4500 0.3500 0.3500 672 0.660 4370 0.430 0.4300
Pl s | 6m o6ss 4.3600 0.4400 0.4400 6Bl 0652 4.320 0,480 0.4800
S| 1 | 645 0650 43100 0.4896 0.4596 684 0643 4264 0.5360 0.5360
25 | bso 06d0 4.2840 0.5162 0.5162 686  0.638 4230 0.5692 0.5692
w | 652 0648 42772 0.5228 0.5228 690 0636 4217 0.5825 0.5825
os 639 a.651 4369 04830 04830 T.04 0.620 4.110 0.6900 0.6900
ol 10| ess  o0s00 3.978 0.8212 0.8212 720 0585 31879 0.9210 0.9210
=1 15 ]| o5  osm 1912 0.8875 0.8875 739 0.580 3846 0,9538 0.0538
g 0 | 685  0.585 18790 0.9206 0.9206 745 0574 1.8063 0.9936 0.9936
2 | 690 osm 38527 09470 0.9470 750 0568 17665 10334 1.0334
w | 700 o5 38196 0.9803 0.9803 745 0562 37268 10732 10732
0s | 895 0530 1.51 1290 1.290 9.680  0.505 3.3488 1.4512 1.4512
w | 927  o0am 312 1.680 1.680 10,00 0.434 2.8780 19220 19220
15 | 930 0464 307 1.730 1.730 1038 0396 2.6260 2.1740 21740
0 | 935 048k 3.04 1.763 1.763 1050 0382 25330 22670 2.2670
35 | 940 o044 298 1.52) 1823 1060 0374 2.4801 23198 23198
0 | 943 o4as 2.951 1.849 1.849 1070 0367 24337 2.3663 2.3663
o5 | 920 o4 3.5200 1.2800 1.2800 9910 0422 2.8050 19949 1.9949
10 | 924 0444 2.9400 1.8600 1.8600 10.17 0336 2.2300 2.5700 2.5700
15 | 927 o416 2,7500 2.0500 2.0500 1045 0293 1.9400 2.8600 28600
wl 20 | 930 ou0s 27100 2.0940 2.0940 10.53 0280 18567 20432 2.9432
!‘g 25 933 0400 2.6500 2.1470 2.1470 .60 0273 15103 2.9896 19896
S o | 93¢ 0298 2.6200 21810 2.1810 10.65  0.266 1.7639 3.0360 3.0360
o5 | 952 0470 3116 1.684 1.684 9780 030§ 2.6200 2.1810 2.1810
10 | 957 0402 2.665 2134 2.134 9920 0288 1.9008 2.8902 2.8902
15 | 958 oI 2,180 2320 2320 10.15 0258 1.7108 3,089 3.0891
O w0 | 960 0365 2420 2.380 2,380 1020 0227 |.5053 1.2946 12946
2| 2 | 262 0360 2387 2413 2413 10.25 0220 14588 33411 13401
=1 30 | 2065 o03%4 2347 2,452 2452 10.30 0216 1.4323 33678 33078

150-180 pm, Inilinl Concentration of AD-10 (D) =

bate = 20 Crea, Particle Sizce
plion = 6.20

Amaunt af Adsorbent = 0.2 g, Amount of Adsor
e yvEmol.dm2 , pM of D. B are Ailso
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Figure 4.54 Adsorption kinetics of acid orange |0 on Salvadora oleoides (SO) carbon samples



Table 4.46 Adsol

rption kinetics of acid orange 10 on animal bones charcoal (ABC) samples
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at10=C atd5°C
L
, E- Time D. Do-D, D, D. De-D, D,
= () | pHa  Abs  (molflx10%)  (molLx10%) (moligx10®) | pIm  Abw (mol/Lx10%)  (mol/Lx10®)  (maligx 10
.! os | 700 ox02 5.320 0.650 0.680 805  0.750 4.9734 1.0265 10265
w | 70 0764 5.060 0.940 0.940 816  0.686 4.5491 1.4509 1.4509
(SN BE 730 0740, 4910 1000 1.090 B20 (.64l 4.2500 1.7500 1.7500
2| » | 735 o 4.780 | 230 1.220 825 0620 4,111 1.8886 1.BRRY
“l 25 | 740 0700 4,640 1.360 1.360 B30 06010 4.0451 1.9549 1.9549
' | 746 068 4.510 1.490 1.490 835 0.600 39854 2.0145 20145
s | 720 .82 4.5220 1.4780 14780 803 0.600 1978 20210 20210
ol W | 725 o0ses 37533 2.2466 2.2466 E15 0455 3.010 2.9900 2.9900
=1 15 | 735 o049 1.2891 2.7108 27108 EI8 0384 2.550 3.4500 34500
(=] 2 TAD 0460 10503 2.0 20440 K20 062 2.0 1.5090 3,590
| 23 | 742 0paso 2.084| 10159 3.0159 825 0351 237 36724 316724
W | 750 0443 29376 310623 3.062) B30 0342 22679 3.7320 3.7320
[ [ o5 | 82¢ o030 37133 2.2864 22864 | 860 0503 335 26640 26640
' 0 | 8B40 6480 31830 2.8169 28169 869 0380 2.520 3.4800 3.4800
5 B.60  0.407 2.6989 3.3010 33010 B7s 0350 2320 3.6800 3.6800
d 20 | 862 0201 2.5028 34071 34071 380 0300 1.990 4.0100 4.0100
a 23 875 084 2.5404 34535 1.4535 BS0 0291 | 9297 4.0703 4.0703
0 | 880 0375 24867 3.5132 35132 895 0283 18766 4.1233 4.1233
05 | 217 0510 33819 26180 2.6180 627 0450 19840 10160 30160
10 9.24 0.380 2.5198 14801 34801 9.38 0,281 I.8600 4.1400 4.1400
‘ 13 928 0333 2.2100 1.7900 3.7900 p4g 0211 |.3000 4.6100 46100
|l o 20 | 930 o2% 1.9200 4.0800 4.0800 945  0.182 12058 47932 47932
=1 25 | 9235 o2 1.8700 41299 41299 950  0.175 1.1604 4.5396 4.5396
‘ S| 30 | 950 ozm 18368 4.1631 4.1631 9.60 0,168 1.114 4.3859 48859
| o | 1005 0395 2.6193 13806 3.3806 10,12 0338 22413 317586 37586
10 | 1015 0243 16114 4.3886 a3s86 | 1047 0200 13262 46737 46737
: 5 | 1k2e 0120 0.3350 5.1650 5.1650 1022 0105 0.6963 53037 53037
Lo a0 a3 0,740 52507 52507 LTI T N AT R T A0
§ 2 1033 0.100 0.6632 51368 53368 1050 0.050 03315 56684 5.66%4
=1 30 | 1040 o092 0.5880 54199 54199 10.55  0.040 0.2652 57343

tafAdsorbent = 0,2 g, Amoun

H of Dy Bofore Adso

tif Ailserbate = 2o Covd Partlele Sizes 150-
tion = 6.30

5.7343

180 i, Initisl Concentration qf AG-ro (D) «
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Figure 4.55 Adsorption kinetics of acid orange 10 on animal bones charcoal (ABC) samples



Tible 4.47 Adsorption kinctics of acid orange 10 on

enerated carbon (RG) samples

16

Attiaunt af Adsorbeni = 0.2 g, Amount qf Adsorbate = 20 Cris, Particld Sires 150-180 pm, Initial Concentration af AG-10 (1) =

B 1ot mal.dimd , pil o

Hefore Ads

on = §.20

at 10=C at45°C _
% Time . DD, . ' D.. D-'Dus D,
3 {s) PHw Abs o0 molfLxt0®)  (motgx10®) | pIn Abs  (mol/Lx10 (malfLx10%)  (moligs 10
ns Gl 0.710 4. 7082 0o9NT 0.0917 6.50 0.690 45756 0.2244 0.2244
1o 6.70 0.694 4.600 0.2000 02000 6.68 0.650 43103 04896 0480
L) 15 | 638 o068 4,550 0.2500 0.2500 662  0.630 41777 06223 0.6223
§ w | 655 0080 4510 0.2900 0.2900 6.69  0.625 #1445 0,06554 06354
5 (.52 0.675 4476 U.A240 0.3240 6,70 0622 41246 G753 0.6753
k] 6,50 0.67) 4.449 0.3504 03504 6.73 0.619 41047 0.6952 0.6952
(1] 640 0.703 46618 01382 0.1382 6.70 0662 43899 04101 o401 |
1] 6.50 0.670 44430 0.3sm 0357 6.75 0.630 &177 0.6223 0.6221
Pl s | 60 o646 42838 0.5162 05162 6.80 0610 4.0451 0.7549 07549
§ 20 6.7% 0625 11445 0N.6554 0.6554 6.85 0605 40119 07881 0,788
25 0. T 032 o, 120 (L6TSN 06753 0H.BR (e X1} J.9854 nElds DRI4S
0 | 618 oms 40081 0.701% 07018 690  0.598 3.9655 0.8345 08345 _
(111 .60 0.670 43R0 03600 0.3600 6.70 0610 4.0451 0.7549 0.7549
3] ] 655 0.645 41717 0.5300 0.5300 1.10 0.579 133098 0.9604 0.9604
x 15 | 657 0630 40451 0.6223 0.6223 720 0551 1.6538 11461 1,1461
§ 20 656 0.615 400119 07217 07217 7.25 0.544 16074 1925 11925
25 | 634 og0s 19854 0.7881 0.7881 730 0540 1.5809 1.2191 1.2191
30 | 652 0598 39655 0.8345 0.3345 735 0537 3.5610 1.2389 1.2389
05 | 654 0630 4 0.6223 0.6223 698 0550 36472 11527 LS
10 680  0.534 18726 0.9274 0.9274 685 0482 962 1.6037 1.6037
15 | 695 0542 3.5900 1,2100 1.2100 680 046l 3.0570 |.7429 17429
0 699 0.534 15411 1.2588 1.2588 6,78 0.452 29973 1.B026 |.B020
15 701 0.527 34946 13053 1.3053 6.75 0.447 20642 18358 1.8158
| 103 0s19 3,4420 1.3583 1.3583 672 0443 2.9737 1.8623 1.862)
" o5 | 70 oei9 41047 0.6952 0.6952 760 D534 15411 1.2588 1.2588
| 780 0580 38401 00538 00538 BOO 0450 30437 1.7562 1.7562
15 8.00 0.560 37100 10900 1.0900 .90 0441 29244 1.B755 1.B755
P 20 B.1D 0.544 36074 1.192% 1.1925 T59 0430 18514 1.9485 1.9485
E 25 i3 0.540 15800 12200 1.2200 T.ES 2 28249 1.97%0 1L.UT50
L n 8.6 0.534 15400 1.2600 12600 T.80 0421 28050 1.4 19944
05 | 685  0.608 40318 0.7682 0.7682 720 0.499 3.3000 14910 |91 0
10 T.00 0.573 3. 70097 10002 1.0002 1.0 D421 2.8050 1.9949 1.9949
] T.11 0.550 36472 1.1527 1.1527 135 0395 26194 2.1806 2.1806
Ol 0 | 120 o342 1504) 2058 1.205% 740  03%6 2.5596 2.240) 2.240)
§ 3| 722 osu 35411 1.2588 1.2588 742 0378 2.5060 22933 2.2933
-_|__ an 700 0.524 .1:]?4!1- LI152 1.3252 745 0,370 24535 2. )64 24604
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Figure 4.56 Adsorption kinetics of acid orange 10 on regenerated (RG) carbon samples
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Table 4.49 Thermodynamic
Kea t8

0.00490
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(L0168
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Q01810
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370911 1807
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[ LR OO000
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ritcelis (CC) carbon samples

Table 4.50 Thermodynamic parameters for the adsorption of dves on Co

AS® (Lol )

Raw 0.00330 001130

341011000 =2.340450 2640442 -300,2832 -291.0205

=~ | a0 0.01060 001190  0.29746500 -1.3525625 -2.643555 -290.5924 2906001
500°C 0.03110 0.03400  0.22924300 -2352631 -2,643623 -2BL.0438 2315721

sriLLiant | acmseve |
g
£

- 000620 1300  14.1167400 11763880 11472883 -245.1699 -247.1030

E 400°C 000850 001270  8-S8380000 6.2309400 5.930048 -262.0980 -264.0320
800°C 000890 001300  B.09986000 5.7470000 3456008 -263.4250 -265.3590

&= Raw 000800 001790 1721650200  14.863640 14.572650 -232.0070 -234.0310
5 § g | 400 002600 005750 1696701000  14.614150 14323160 -223,1790 -225.1130
= 800°C 003190 006650 1570376700  13.350910 13.059920 -225.9430 -227.8769

: = 000580 . 001520 2059581003 182429500 179519580 22282998 12379945
%g 3l vq000c | 001530 003430 1725783388 149049728 146130808 226.5604] 227529m
Bon% 0.02660 004210 DEIS155157 146229516 707130316 -248.261 52 =249 2305

[ s | maw | om0 omsso  esoooess2  asaes  sxseioes  2msma 27457758
§ é ~1 a00°% 0.00550 000730  GO52500395 369964919 340865730 27466132 -27563078
800°%C 001810 0.02160 1.779130050 1 A2G2T005 113527805 =272.7911 3 =273, 76059

[ Raw 000280 0.000=10 1767225655 153102966 1 50284045 -23921513 -240,1 8463

§ E 2| 0% | 000700 000870 4647726768 220486677 200387477 -277,62020 27858960
| gooec | 001810 00200 3074868937 072200893 043101693 27521969 27624915

e e e e e e ———————————

Table 451 Thermodynamic parameters for the adsorption of dves on Ailanthus altissima {AA) carbon

S — s T T I T R
s e g | sy e 1 _ec 1 we i5°C

g fwr 000700 000950 078524000 -1.567620 1858600 -291.26900 -290.00400

g =1 400 000710 DOOTH0  0.27450000 -2.078360 -2.369350 -285.61130 -293.14400

& R0 L TEST 001450 L2601 10000 «2.091750 -2 IRITS0 2RT.91000 ~2RE.LYTIN
- b Haw 0.00220 0014060 404581000 1510524 35461388 -160,7072 -169.07130 |

_ 3 g x| 400°C 0.00820 0,01 400 114353000 0.082440 8.7914480 -252.2200 -253.29000

I ﬁ % Koo e .00 140 001710 266780000 G. 314940 6,02 39480 =250, 3600 260.32900

‘ N i 000640 000920 775800376 540514376 511415176 -26737485 -268.3443)
g g al s00c | 000200 001800  sesTIoSer 631493864 602304664 25893377 25990325 |

o 200°C 01750 0.025%0 §.I8084007 60279707 571609007 -25681088 ~257.TE036

N Raw 000410  O0I0P0 2090232603 185494660 18.2584740 -224.63076 22560026

IS E 2| aoocc | oois20  oodso  1770738m0  1s3sasaTe 150635359 22502640 22599580

8009 DOIBI0 | 003960 1650183170 140489717 11.4579797 -227.74319 22871260

" RAW 0.00440 0.00580 5005584956 355272495 A26173296 -2T7.03571 2700517

§ § ~l 400 000400 00040  433RIS222 198549202 1 69450002 -283.36604 -28433551

s g00% [ 000490 000560  2.85455690) 050169690 021070490 -286.92189 -28789135

=l ; Raw 0.00380 00130 29494293560 271414337 268502417 19490217 =19587169

E é = ’ 400%C 0.02060 002340 2724444370 037158427 0.08059237 27544228 =2ThALIT4

: 3004 0.02950 0.03340 2.654341187 030148118 001048918 -272.70445 27367391

. —



0.01210

165

<12.369400

-281.2277

45

" 001650

4744306075

——

239144608

2.10045407

-270.1 5009

2340.49060 -101.36140 -282.1922)
~ 400°%C 0.012%0 GO390 1 596.070%0 «756.88910 «1047.7811 -283.13030 268420041 |
g. 600%C 0.013%0 0.001490 1485, 14020 «B67. 71980 -1 158.7118 -283.09220 284,001 06
= 800 001520 000600 109631830 «1256.3417 -1547.3337 -233.72210 -284.69153
% 900°C 0,01580 001650 026.720650 =1426.1354 AT17.1314 -284.00022 ~284.96967
" 1000%C 0.01620 01630 T A4 60 137541306 «| 06,4050 -284.31983 -285,28928
Raw .00230 0.00730 24,6901 740 6.2958220 19429062 3651970 28530664
g 400°C 0.00930 0.01230 485731100 2.504451 21213459 =282 90835 2829690
g PE e 0.01 .Im 001320 389750480 I .5:44?0-! 1253711 =28 1.9600 2822850
= g0 | 001200 001540 378680000 1433940 1.142948 -280.6417 -281.1043
g 900°C 0.01400 0.01620 312011830 0.767258 0 AT6200 2799637 -280.685)
1000 0.01470 001700 1075700 0.754687 0463695 -279.5581 -2R0.2846
R 0.00102 000100 40.0103450 29635399 27.282539 26001,547 -205.5027
E J00tC 0.00320 ). 083 20.3921000 18.022061 17.731069 -226.55438 -230.48882
"-?'} 60a°C 0.00550 0.01240 1 7. 3787400 15.025880 14. 734888 -234.63927 =236.5TA26
E' #0090 000770 001570 | 5.2301 3800 12877278 12.586280 -239.43409 241, 36805
a TV i 0.00899 0.01730 14,81 769900 12464839 12.173847 -2]9.63?]4.- -241.62125
1000°C 0.01020 0.01980 14.17952020 11. 826660 11535668 -240.80889 24274280
Raw 0.00540 0.01520 2212341845 19.7705584 171267065 21802616 -2 16 M 66
& 400°C 0.00700 001870 2100574058 18.6528806 18.3618886 -18§1 48804 -220.78749
g (0% D.01410 0.02930 1563571819 132828582 129918662 23297 M -233.94083
E T 00 002560 LOs30 15561723 132407772 120527882 =22H. 1 MK2 29,1 A2
E 900°¢: 0.02460 004470 1276717474 104143147 10.1233227 -238.48026 -239.44960
1000°C 0.02730 004870 1237308772 100202277 972923572 -239.00695 23997641 |
Raw 0,00100 000ELD 44. 71866039 42 3658004 42074 8084 -152 20480 -151.1745)
5 | acec | o0om30  oo0o30 4206328690 397104269 394194349 -159.40664 16037627
g 600°C 0.00230 001040 3225632085  29.9034608 296124688 -18931674 -19028629 |
S | soo°c 000310 001600 1508433843 327314784 324404864 -176.84206 17781162 |
Q, 900°C 0.00450 0.01810 2075383407  27.4009741 27.1099821 19257936 -193.548% ‘
1000%C 0.00640 0.01900 2326164889 209087889 206177968 -212.59160 -21356114
Raw 0.00180 000320 1229980201  9.94654201 9.65595001 26187253 -262541%
E 400°c 0.00200 0.00340 1134340394 £.90060394 BA90961 194 -26:4 37580 -26534528
sé' I G000 000218 000360 1072310650 83702465 £.0792545 -265 85140 26682088
S 800°C 0.00579 000870 8704683076 635182807 6.06033607 26756245 2688192 |
E 900°¢ 001050 001330 5213513866 286065386 256966186 27224902 .mm
"] oot 0.02060 -271.11955
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ntion of dyves on animal bones charcoal (ABC) samples
— AlP(kbmely | fihmol T KT

166

«2. 53420

o 004130 «2. 24320

E : 800 “C 0.09060 [ERHLH T 016222000 <2, 19060 24K 160 -I?ZI.]EH 272600
S | 900°C | 00980 010380 026045000  -2.09240 2.38240 271,540 271970
= 012730 014550 043610000  -1.91680 -2.20580 268390 268410

E;_: i oot R LTl 1l M 7wt 1246483 12173840 262.10R =24 a3

g $00°C | 000400 000520  S608671I00 3255811 29648190 278877 280811

3 “| so0%c | oocosso  oocer0  szi903000 1866170 15751780 281140 28307

12 | 1000%c | oooeso 000770 39s3icoo0 1.600300 13093080 280819 282,753
o | 600°c | 00080 00209 144134385 117605785 11.4695865 24056718 24153667
& | soc | oo ooz roso2i0  ssissar §.247.560 24927687 25024629
% 900°C | 001600 002500  9.54DI6T64  GEDEEISEE  G8YEEISGS 25345835 25442780
% | % | om0 002670 015367005 G.800R100S 650981805 25412776 25500721

2| o00° | oooceo  ooosso  sdosilco0  3.0855500 17645580 275421 277,355

3 % $00°C | 001880 002900 092658000  -1.4262300 17172720 282,555 281245
. 1000°C 0,03800 005370  0.73928000 -1.6135300 -1.9045720 -277.366 -276.7125

0.116%0

0442454210

- ——

=1.9094057

" 600°C 0.02480 0.035460 7.7371080408 5.3751304 508412840 =1562192% ~257.1 BRGHE
g 800°C 0.03490 0.03900, 2324493212 -0.0283667 02693587 2724724) -27326521
S | o 004520  O04I00 1725654136 -0.6272058 09181978 -27243807 27340784
% | joso%c | oosasoe  oosmo  ooswseare  -13%40708 -1.6850625 27359257 -274.56203
= 600°C 0.00640 0.00850 6.066231930 Anypneg 342237993 27335291 -274 32231
E s00°C 003200 003620 205104042 034244404 005145204 -2TI REAMN 2TIREIRS
§ “| e 006250 006640 1290986024 -1.0588739 -1, 3498650 -262.95540 272238K0
3 1000°C 0.11450

-26924145

<2T021090




ACID BLLE

Sumple

600°C
£00°C

002610 0.03150
002890 . 0.03390

Table 4.54 Thermodynamic parameters for the adso

AE
(ol

tion of dyes on
AH* (kLmol ")

[

cnerated (RG) carbon samples
AS* [Lmol,

167

63149380
2.6412200
16672110
10584080

0.03300

12502280
13762190
0.7674160

-31.3266
=32.2401
=32.3420

-32.4995

-31.5592
-J12.4788
-12.5752
-32.7320

0.5020800

0.2110880

-32.6032

-31.8686

000130

000250
DO00ZE0 000400
0003%)  0.005)0
000406 000540
000510 000620

13.97920192
1624700722
6557102300
6.0971 82308
4175197579

116204019
527193072
4 20424230
374432230
[. 53134557

RS
493093472
91325030
3.45333030
1.53134557

=2 5504150
27402348
=2 T5.73040
27702732
=281.92271

25001 304
27568504
27670590
=IT7.59680
-282.89217

ACID YELLOW 29

001040  0.03250
002770 0.06490
002880  0.05140
003750 0.06470
004560  0.075580

2435816728
1320106208
1238314489
1165967913
10801 GOEE0

220053072
15.5482020
100302848
9.30681913
B.448E0S50

21.7143152
153572100
0.71029289
02.01582713
8.1578168

-204 62045
-21926185
-2 52666
~2IE B8R40
-24029445

<205 64998
21926192
~21949618
-23985107
-241 26385

e e e e e e et ———————

400 000240 000260 1711106724 -0.6417532 0.0327452 ~296.89660 -207 86607
g' goo%c 002510 002640  LOTMTITT 12733822 -1.5643742 279.61224 -280.58160
i gsoofc 002570 002690  0STSSGAM} 13772950 -1 6682870 17004947 -280.75241
9 | ggpoc 002690 002760 0549174980 -1.8036850 20946770 28091029 -281 57973
T | oot oo2mo 002000 0446031019 -1.9059289 2,1969209 -280.82042 -2181.78987
woSc  O00ISD 000560 2426294476 219100847 216190927 21959986 _ -220.56937
, 0% 000330 000600 1278021371 104273537 778350173 -255.13550 -263.50392
S | soocc 000120 oo09s0 659068207 4237H2R20 94683620 270.52039 271 48980
S | ooocc  000GS0 00090  48940NI212 2641222 235023121 27663732 -276.48208
000850 001020 3647533647 129467364 100368164 27944300 28041246
w0 000190 000510 2LI0TTONT 187549209 184639289 23029934 -23126887
; coptc 000530 000090 5639675790 328681579 2,09582379 27642806 2773075
| sootc 001510 001770 339GWTIY  1.04ITI 0.75237677 27565078 27662024

| § | sooc omei0 ooisio 2720013006 035027931 0.59287316 27756673 -mmm

L 1000°C 001750 001930 2002939600  -0.2599203 0.5509123 -279.02968

-279.99014
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"Table 4.55 Ban

! ham constants

r the adsorption of dyes on earbon samples

constanis

0.35660 | 0.50010 | 0.49370 | 0.26370 | 032730
ko | 0.15300 | 0.20120 | 0.12270 | 0.10540 | 0.06910 | 0.07370 | 0.21900 | 0.32920

% 400 °C o 0.22840 | 0.22140 | 0.34070 | 0.34070 | 0.49370 | 0.26370 | 0.26740 | 0.18610 !

E Kq 043920 | 047690 | 033200 | 039870 | 0.17420 | 0.41390 | 0.34160 | 0.46160 |

< 800 °C o 0.20920 | 0.19360 | 0.30000 | 0.74990 | 0.46630 | 0.29840 | 0.26340 | 0.18010
ko 0.67200 | 0.83290 | 0.25740 | 0.32050 | 0.28780 | 0.57330 | 0.43120 | 0.59520 |

o B i 0.56530 | 0.39990 | 0.36920 | 0.38980 | 0.32540 | 0.34460 | 1.23220 | 0.80430
W ko 0.09870 | 0.24760 | 0.13660 | 0.19390 | 0.21710 | 0.29690 | 0.00229 | 0.04920
f_; 400 °C 3 043720 | 0.32800 | 0.39240 | 0.30730 | 021390 | 0.24900 | 0.24520 | 0.29610
= Ka 0.20620 | 0.37390 | 0.25320 | 0.41630 | 0.44460 | 045850 | 0.37030 | 0.39250
E 800 °C o 0.17050 | 0.18680 | 0.15770 | 0.17920 | 0.18440 | 0.22890 | 0.20440 | 0.24520

Ko 0.61530 | 0.67320 | 0.58180 | 0.62300 | 0.53490 | 0.55780 | 0.54060 | 0.53230

- Raw a 0.28010 | 0.13910 | 0.23610 | 0.21320 | 0.25370 | 0.23930 | 0.19560 | 0.20330
L, Ky 0.36760 | 0.68690 | 0.44770 | 0.38100 | 0.38770 | 0.54040 | 038130 | 0.47540
% 400 °C o 030160 | 0.47550 | 030800 | 0.34570 | 0.23000 | 0.31300 | 0.22040 | 0.15370
- k., 0.42360 | 0.40190 | 0.43380 | 0.52170 | 0.69160 | 0.61840 | 0.50500 | 0.86410
E 00 °C o 0.20050 | 0.29660 | 0.22910 | 0.15920 | 0.16080 | 0.17130 | 0.15080 | 0.16580
ku (0,76320 | 075500 | 0.67840 | 0.93560 | 0.98670 | 1.08660 | 0.86810 | 0.92830

. . @ 0.45560 | 0.48240 | 0.65950 | 0.43400 | 0.29330 | 0.38870 | 0.36870 | 0.25650
%) ko, | 002860 | 0.05480 | 0.01560 | 0.06760 | 0.06240 | 0.07940 | 0.05710 | 0.12290
é : @ | 058740 | 0.16820 | 030010 | 0.29150 | 0.32130 | 0.28700 | 0.24730 | 0.22820
£ | W% ko | 016670 | 1.26490 | 0.12010 | 0.16500 | 0.11030 | 0.17380 | 0.14560 | 0.15350
'E o a | 018970 | 021310 | 0.20290 | 0.24110 | 038180 | 0.18140 | 0.18160 | 0.15730 |

ko | 0.24960 | 0.20260 | 0.13130 | 0.20350 | 0.10840 | 0.24480 | 0.18470 | 0.25160

a | 02830 | 024990 | 0.70070 | 0.34470 | 0.88670 | 038920 | 1.22250 | 0.83350
3 B ko | 0.15500 [ 020720 | 0.04150 | 0.17040 | 0.01930 | 0.12640 | 0.00508 | 0.02490 |
g — a | 026850 | 021080 | 0.22150 | 0.25830 | 0.18880 | 015390 | 0.23360 | 0.15990 |
2 ko | 028180 | 0.36670 | 0.24740 | 0.29470 | 0.36410 | 0.38220 | 0.24260 | 0.34570
2 | s @ | 017270 | 0.14840 [ 0.19000 | 0.13670 | 0.08470 | 0.02640 | 0.15410 | 0.11680

ko | 0.70950 | 0.95030 | 0.39470 | 0.51850 | 0.79170 | 0.67960 | 0.47140 | 0.55370
s was o 100430 | 0.50340 | 0.87620 | 0.44130 | 1.38000 | 0.89280 | 0.85280 | 0.50080 |
5 ko | 000931 | 0.05950 | 0.02300 | 0.11970 | 0.00264 | 0.08480 | 0.10510 | 0.16330
%” B a | 0.49380 | 0.20540 | 035590 | 0.26590 | 0.26350 | 0.25200 | 0.43660 | 0.25100
o i 0.38290 | 0.41450 | 0.19630 | 031510 | 0.28330 | 0.36190 | 0.24380 | 0.47110
E i a | 047070 | 0.11740 | 0.19380 | 0.10850 | 0.24630 | 0.17180 | 0.38620 | 0.14650

' ko | 0.62680 | 1.12220 | 0.50690 | 0.55480 | 0.47160 | 0.68210




Acid blue 1

consiants

(=]

AB charcoal

169

0.23950

10°C 45°C

XXXX

Fo
o

046360

0.55750

KXRX

400 °C

0.20200

0.19740

XXKX

0.35160

0.30960

0.58170

0.70350

XXX

031810

0.35690

600 °C

0.17670

0.16160

0.18960

0.32890

0.32170

0.91620

0.99600

104660

0.46910

0.57830

800 °C

0.12240

0.10170

0.12040

0.28150

0.24360

1.26470

141540

1.13570

0.60470

079450

900 °C

0.09410

0.08480

0.07740

0.3150

0.23020

1.44900

1.52820

1.33160

0.53520

0.54080

1000 °C

0.07260

0,07350

0.07030

0.21080

16480

1.52710

1.57250

161060

0.78790

1.03410

- 4
0
=
-]
8
g
ma]

Raw

0.52490

0.36260

XXXX

XXXX

0.1 7860

0.36940

KXKX

400 °C

0.26850

0.26080

1.05150

1.13230

0.44590

0.53820

0.02170

0.02620

600 °C

0.22990

0.19870

0.98240 0.26380 .

0.44410

0.44500

0.52610

0.70410

0.04160 0.50540

0.16500

0.22600

800 °C

0.23320

0.20750

0.76890 0.24220

0.53810

0.42060

0.55920

0.80220

0.09080 0.62480

'900°C

0.21700

0.20420

059890 021970

0.12890

0.72020

naTain

035580

0.63570

0.88000

0.16080 0.72640

0.09330

0.32010

1000 °C

0.26230

0.29160

0.45360 0.35840

0.51130

0.38820

0.51970

0.63370

0.23810 0.50460

0.09770

0.20870

Acid yellow 29

Raw

101270

0.45130

XKEX XXXX

XXXX

XXXX

0.00384

0.04750

KXKX

XXX

400 °C

0.72140

0.40840

KXXX KXXK

0.98300

0.25860

0.04770

0.13180

KXXX XXxx

0.02430

0.65370

600 °C

0.76730

0.44360

0.54770 0.28890

0.57440

0.43080

0.03450

© 0,16420

1.16670 4.25390

0.18820

0.43540

800 °C

olrlelzle|xle |zlelrle 7o |m|e F|e 5| |72 |7 |2 |7 = 7|2 7|2

0.29980

0.37730

0.40800 0.31920

0.36810

0.30440

-
-]

0.24030

0.22270

244110 5.27220

0.46010

0.65780

200 °C

0.24380

0.22420

0.34260 0.26440

0.21010

0.27070

0.33110

0.40160

3.04360 6.30220

0.78410

0.76610

1000 "C

00980

(. 35860

(,27560 0.24500

0.21530

0.24 100

035720

193540 T.10380

0.86590
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. Raw

Sample | constants S0 carbon AR charconl
*c 10°C 45°C 10*c 45°C |
T i 177560 0.68350 Eﬁ | e | s |

ko 0.01230 0,02030 XANX XXX XX RENX
400 °C -] U.76830 067340 KRNX KXXX 0.55720 0.54480
A ko 0,01070 0.07590 NXXX KNXX 0.11060 0.11680
‘; 600 °C a 0.45020 0.29210 1.57590 0.36640 ! 0.36920 0.34310
=2 ko 0.21420 0.56220 014160 0.33070 0.24510 0.23660
é‘ 800 °C o 0.25730 D.21250 0.29310 0.22430 0.25390 0.19670
= ka 0.62710 0.62340 0.52790 0.78900 0.52190 0GRS0
900 °C o 0.17380 0.14570 0.22430 0.14170 0.18720 0.11790
ke 0.90480 L4100 1,78750 0,77940 0.81200 077740
1000 °C a 0.12320 0.10270 011180 0.10950 0.04990 0.04324
ko 1.03940 0.96470 0.81280 0.77870 0.15400 0.23120

Raivi o 2.60230 112410 KXXX XXXX MK HANN

ko 0.00005 0.00074 XXX KXXX NN AXKK
400 °C o 0.49720 0.35070 XXX KAAK 0.29440 0.19340
Ko 0.09580 0.42640 XXX AXXR 0.27750 0.48220
E 600 °C a 0.26620 0.21390 0.48980 0.32610 0.17760 0.11330
E ks 021260 |. 0.44710 0.38050 0.45110 0.45500 0.69990
; 800 °C a 0.19650 019180 0,24730 018760 0.16320 0.14210
,,,"‘: ko 0.47350 0.76270 0.70790 0.96400 0.52190 0.50220
900 °C o 0.19010 0.1580 0.14190 0.10160 0.12670 0.11180
ks 1),62440 0,87550 048920 o450 0| 052370 (L50370
1000 °C i1 0.18570 0.12160 010730 0.06470 u 10640 0.05270
ko 0.66580 1.12170 0.97270 1.14760 0.51400 0.52620

[+ 0.92050 0.48790 KN KENX KENK XXX

Acid orange 10

ku 0.00669 0.03400 XXX AXAX XEXX AXXX
400 °C a 0.42620 0.35030 KRKK KKXX 0.70370 0.60780
ks 0.01080 0.07630 NNXX XNAX 0,01420 01.04200
600°C o 0.36270 0.22760 0.42170 0.37360 0.46360 0.28110
ko 0.12640 0.21050 0.11590 0.19820 0.07310 0.20800
800 °C u 0.19200 0.16770 0.24370 0.23910 0.43330 0.25480
’ ko 0.41480 0.41550 0.53450 0.63540 0.13840 0.34410
900 °C « 0.18350 0.13030 0.15590 0.10910 0.33150 0.24340
Ko 0.36840 0.60530 061260 0.72870 0.17720 0.38400
a 0.10310 0.21590 0.06410 0.03720 0.29500

0.53300

0.70300

0.77960

0.88930
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Figure 4.57 Bangham plots for the acid blue | adsorption on 800 °C activated carbon samples
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Figure 4,58 Bangham plots for the brilliant blue R adsorption on 800 °C activated carbon samples
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Figure 4.59 Bangham plots for the acid yellow 29 adsorption on 800 °C activated carbon samples
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Figure 4.60 Bnnéhnm plots for the acid yellow 34 adsorption on 800 °C activated carbon samples
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Figure 4.61 Bangham plots for the acid orange 7 adsorption on 800 °C activated carbon samples
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Figure 4.62 Bangham plots for the acid orange 10 adsorption on 800 °C activated carbon samples



able 4.58 Pnnhnﬁc diffusion constants for the adsorption of dves on carbon samples

177

Sonsladis PPT carbon PC carbon CC carbon AA mrbu
| 10°C 45°C i0°c l0*Cc 45°C
‘ Raw B 00235 | 00215 | 00120 | 00233 | oows | oo3ts | 00192 | 00220
I — Kad 0307 | 0379 | o209 | o238 | 04399 | 02013 | 03807 | 0.5M9
% | 400°c B 0025 | 00245 | oo248 | 00352 | 00332 | 00249 | 00162 | 00167
2 Kol o6in0 | oem7 | osis | ooove | 04187 | 06479 | 08923 | 00282
- 400°C B 00359 | 00304 | 00352 | 00n9 | 00s23 | oodos | ooa7 | oo2ss |
: | 10296 | 1.1538 | 0.6099 | 06670 | 06000 | 09643 | 06603 | 0.7824
” — B 0.042 po4s3 | 00233 | co3ze | 0036l | 00425 | 0007 | 00592
g Kaa 032 | 07269 | 0378 | 03383 | 05979 | 0039 | 00236 2388
g 0% B. 00477 | oos08 | oos7a | oosse | ooz | 0038 | 00297 | 00440
42 ' Kaa 06508 | 09647 | 07361 | 10902 | 09548 | 10771 | 08427 | 0.9654
= T B 00208 | 0037 | ome7 | ooms | omam | 00so7 | 00336 | 00 |
Kad 12106 | vamas | 37 | etz | ovee23 | 12262 | L1367 | LA9I2
‘ = i B 0093 | 00261 | 00260 | 00354 | 00342 | 00457 | 00233 | 0.0298 ‘
B> Kad 08662 | 12680 | 08090 | os9ss4 | 08837 | 1as42 | 07828 | 09951 ||
‘ é B o0des | 00099 | 00554 | 00761 | 00517 | 00800 | 00357 | 00340 [
ES W Kaa 10702 | 13520 | tos26 | 13995 | 15205 | .15281 | 10875 | 1.6787
l‘ E 800 °C B 00450 | 00829 | 00494 | 00397 | 00426 | 00509 | 00339 | 00416
Kad 1.5050 | 18683 | 14911 18328 | 19349 | 21674 | 16773 1834
- Raw B 00249 | 0054 00374 | 0.050 0.024 p0s11 | 00327 | 00ME
";' ‘ K 0305 | 06048 | 02009 | 07198 | 05041 | 07474 | 05245 | 014
2 B 00353 | oo | oos6t | 0052 | 00478 | 00654 | 00405 | 0.0708 |
| E el Kad 10850 | 18765 | 09938 | 13570 | 09461 | 13773 | Li021 | 13187 |
\ ';E: 800 °C B 00458 | 00618 | 00482 | 00540 | 00684 | 00419 | 0033 | 00505 ‘
Kaa 17172 | 21114 | 10756 | 15247 | 10007 | 16639 | 12466 | 17418 |
, B 00168 | 00186 | oodns | 00284 | 00280 | 00253 | 00270 | 0.0240 "
% hay Kag 03720 | 04641 | 04992 | 04536 | 04339 | 03496 | 00474 | 0.1541 ‘
E 400°C B 00205 | 00242 | omss | oo27e | 00208 | 00255 | 00199 | 00157 §
,g Kad p6627 | 07786 | osse | o607 | 07426 | 07900 | 05267 | 06718 ‘
E 800 °C B 00344 | 00386 | 00220 | 00194 | 00156 | 00460 | 00208 | 0.0161 i
| K 14183 | 18314 | os0s0 | ooeeo | 13590 | 14057 | 09022 | 10048
B 00162 | o024 | co2s | oot96 | 00164 | 00179 | 00202 | 0036
% R Kad 004 | 01300 | 00953 | 02479 | 00109 | 01850 | 02371 | 0Je24 |
g . B 00147 | oo172 | 00204 | 00195 | 00182 | 00208 | 00404 | 0.0269
E 400°C K 05287 | os841 | 03557 | 04931 | 04345 | 05507 | 04877 | 07135
. ‘E 800 °C B 00202 | 00218 | 00199 | 00229 | 00446 | 00440 | 00473 | 00477
L 2 I Kad 08202 | 13539 | 06049 | 07629 | 0858 | 10708 | 06538 | 0.8069 |
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Table 4.59 Parabolic dilfusion constants for the adsorption of dves on carbon samples

AB charcoal
Sample | Constants

Acid blue 1

KNNY

KAXK KXXX

AN 01258 01698

XXRX 0.4060 0.3480
LRRRT:] 0.0905 0.1147
28246 |,0959 1.5911

T 01015 1254

e
E
L
=
&
'S
m

33870 1.0528 1.E512

w119s 0090 01222

317642 1,1585 20201

0.1959 0.0704 0.0825

1258 0, 7457 1.3108

ANEX KNXX KKNX

Raw

AKX LAR 4

400 °C

600 °C

800 °C

Acid yellow 29

900 °C

1000 °C




179

Tabhle 4.60 I’alh: diffusion constants for the adsorption of dves on carbon samples

50 carbon A eharcoal RG carbon

Constanis

1n-c 45°C n"c 45°C 1*c 45°C
B G01RT
0.1555
0.2408

0.3038

=
5 600°C B 0.200% 0.2048 0.1849 0.1712 0.1020 00164
é Kea " 23827 4.5719 2.0563 J0481 18861 I.8553
:¥]
- B 0.1823 0.2626 01911 0.1925 0.1179 0.1058
= 800 °C
g Kag 48290 51759 4.3232 56600 3,2083 38282
% B 0.1404 01410 0.1481 0.2000 0.1135 0.1395
900°C

60775 7.2634 54194 58012 44550 44705
B 1625
57101 57868 5.693% 1.4452 18771
B 0.0558

1000 °C

Raw

0.0158 0.1182 AXXX XNXX KXXX Xaxx

B 0.1198 0.012% XXX XXX 0.1676 0.1656

400°C
: Ko 0.4632 18950 AMEX KKNK 42561 59866
-
O B 00522 0.1507 0.1365 0.1683 0.1449 02444
en | 600°C
=] 13846 3.1044 3.0936 31120 6.1178 6.7561
S Kag
= : R 0.0706 01176 0.2016 0.1726 0.1338 0.1960
E 900°C 2.73% 4.2902 52835 6.5791 58980 6.7615
{ Kld N » e L
B 00057 0,0983 0.2967 0.1891 0.1629 0.2693
900 °C
15758 4.6858 10998 72023 | w2781 10710

B 0.0931 0.0886 01716 01040 01995 0. 2606
37537 56314 6.6515 7.5602 - 64872 73156

1000 °C

B 00184 0.0159 N XEAN EARX XXX

Raw
' K 0.0700 0.1878 REXK XXX KARE KXXK

B 0.0197 0.0193 K XX 0.0176 0.0313
400°C
Kad 0.2632 0.3218 XRRX XXX 0.1038 0.2981
=
P “ B 00312 0,0243 0.0551 0.0685 0.0331 0.0338
4]
g i Kaa 03785 0.7410 0.668) 1.1070 0.3654 03019
o B 0.0351 0.0617 0.0853 0.0989 0.0507 0.0461
= 800°C
o - Kaa 1.3955 1.5663 24155 2843 0.6892 12804
- B 0.0581 0.0695 0.1082 0.1155 0.0338 00475
00 °C
" Kua 1.4486 2.1506 18289 33632 0.7438 14036

B 0.0505 0.0795 0.1387 0.1362 0.0174 0.0557
1.8079
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Figure 4.63 Parabolic diffusion plots for the acid blue 1 adsorption on 800 °C activated carbon samples
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Figure 4.64 Parabolic diffusion plots for the brilliant blue R adsorption on 800 °C activated carbon samples
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Figure 4,65 Parabolic diffusion plots for the acid yellow 29 adsorption on 800 °C activated carbon
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samples
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Figure 4.68 Parabolic diffusion plots for the acid orange 10 adsorption on 800 °C activated carbon samples
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Table 4.61 Equilibration time for the adsurgilnn of acid blue 1 on carbon snmglcs

3.0 % 1075 mol/L. 6.0 % 10° mol/L.
g () iy | Ab Uvieni] e Dy I b A5 i0%) at? i
S plly " {mofl = 10%) | (muvLx10) (molig x 169 ] M= Abu | (mo/lx 107)  (maflx107) (malig x 10*
§ % 895  1.570 2175 0825 0.£25 216 2940 1073 1.930 1.930
=t B BT SR 1,565 1.430 1430 926 2520 34%0 2510 2510
St2 | o a2 1551 1.450 1.450 959 2400 3320 2.680 2,680
E 4 9.64 1120 1.551 1.450 1.450 950 2400 3,320 2,680 2,680
g 6 9,64 1.120 1551 1,450 1,450 950 2400 1320 2.650 2,080
| 8 | sea 120 1.551 1,450 1,450 959 2400 1320 2,680 2680
pl before adsorption = 6,80 pH before Adsorption = 6.80
e ——————— e S
ey 3.0 x 10° mol/L 6.0 % 10° molAL
EG; v, | 2670 162 224 0.756 0.756 1003 3020 4.180 1.810 1.810
g ! 10.23 128 177 123 1.23 1002 2340 1930 2.070 2.070
E.‘; B 1029  1.26 1.74 1.26 1.26 1022 2800 3580 2.120 2.120
‘.5‘ 4 1032 120 174 126 1.26 1025 2,800 1880 2.120 2120 |
E| ¢ 10,32 .26 174 1.26 1.26 1025 2,800 3880 2.120 2120 ||
,.E,' 8 10.32 1,26 1.74 1.26 1.26 1025 2,800 3,880 2.120 2,120
Pl before adsarption = 6,80 phl before adsorption = 6,32
v 3.0 % 10°* mol/L 6.0 x 10° molL.
| s20 1.95 2.700 0298 0.298 6.28 1.560 $.000 1.000 1.000
a 1 7.19 1.70 1350 0.64% 0.645 635 3480 4820 1.180 1,180
§ 2 6.03 1.65 2.280 0.714 0.714 643 3.400 4710 1290 1.290
gl 4 6.00 .68 2.280 0714 0.714 645 1.400 4710 1.290 1.290
é 6 5.08 .65 2.280 0.714 0.714 6.45 3.400 4710 1.290 1.290
8 598 [ G5 1.280 0714 0.714 6,45 3,400 4710 1.200 200
pll before adsorplion = 6,80 P before ndsorption = 6,32
$-1 3.0 % 10°* mot/L 6.0 % 10°* mol/L
'é i | o3 74 2410 0.600 0.600 9.41 174 5.180 0.820 0520
s| 9.39 1.68 2.330 0.670 0.670 937 364 $.040 0.960 0.960
:_E 2 9.39 164 2270 0.730 0.730 9.42 1.60 4980 1.020 1.020
‘E 3 9,27 164 2.270 0.730 0.730 9,50 3.56 4930 1.070 1.070
-E_ ‘ 9,27 1.64 2.170 0.730 0.730 9.50 .56 4.930 1.070 1.070
% g | 927 Lo 2270 0.730 0.730 950 356 4930 1,070 1070
pll belore ndsorption =680 pll before adsorpiion = 6,32
E'Tgf 3.0 % 107° mol/L 6.0 % 10°° mol/L
Sl | 7m0 1o 2,646 1.8542 18542 7.82 3.90 5.4020 3.5980 1.5980
§ 1 7360 110 1.5237 29763 2.9763 7.51 1,00 4.1557 48443 4.8443
‘E- 2 | 120 os4 1.164 3336 3336 7.50 250 14780 51220 51220
g| 4 | 7460 o030 1.108 31302 33392 7.49 2.6 18230 51770 51770
‘E 6 | 7480 076 1.052 2.44H0 34480 7.48 2.74 1.7960 5.2040 $,2040
S| B | 7480 0% 1.052 14480 3.4480 7.48 2.74 1,7960 52040 52040
: I befare adsomption=6.14 gll before ndsug!inn =6.24 )




Table 4.62 Equilibration time for the adsorption of acid blue 1 on carbon samples
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4.5 % 10 mol/L 9.0 % 10°* mol/L
T p. | ben, n b. | DD B
5 Pl | Abw | (moflx 10%) | gmoxi0Y) | ot ga ] Ple [ AD [ (mo/kx 10%)f (meixin?) (molig x 10°
S I 0.4557 21085 2.3944 751 1420 22748 6.7254 07254
g0 o vaw 0.2770 42230 4.2230 T4S 06420 04892 41107 B 1107
S| 2 | a5 s 0.2493 4.2507 4.2507 740 05360 07428 82575 8.2575
Bl 4] 2 oz 0.1662 43338 43338 741 D460 0.5762 R4238 #4238
-.:T‘é 6 7.5 w13 0.1593 43407 4.3407 741 04100 05679 K432 EA321
L 7.5% 0113 1S9 4.3407 4.3407 141 0.4030 0.5582 XA41E BA418
pH before ndsorption = 6.44 pH before adsorplion = 6.24 |
?:;f 4.5 10" miolL 9.0 % 10°* moi/L.
Sl % | ek osn 1400 1.3599 1259 670 1130 15683 7.4340 7400
;l':. bl ez 02w 0.4003 4.0997 40097 664 0610 08450 8.1550 8.1550
2 * | os8 o285 03948 4.1082 4.1082 663 0400  0.5541 8.4460 84460
S| 4 | 652 o026 0Js¥ 41170 4.1170 661 0398 03513 84487 84487
i 6 | 652 o026 oasm 41177 41177 660 0398 03513 BA4RT RA44R7
i L 41177 4.1177 660 0397 05510 K.4500 §.4500

pH before ndsorption = 6,44

pH before adsorption = 6,24
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Figure 4.69 Equilibration time for the adsorption of acid blue 1 on carbon samples at 25 °C



Table 4.03 Eq¢ nilibration time for the adso

rption of brillinnt blue R on carbon samples
S R R LA R L L R L L L S
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r 2.0 = 10 mail/L 4.0 = 10 mold.
Timne
= I, D,- D, D, DD,
L T Al o) Dy " Aby | (mollx 10| (mofLxi0® By
= s {ma/l = 10 {mo/Lx10%) (mollg x 10%) pliy { x 10Y]| ¢ x (molig x 10°
| = :
| SN R 1.560 0.440 0.440 923 0352 3200 0.800 0.500
' H 871 0.113 1.030 0.970 0.970 234 0336 1,050 0.950 0.950
E 2 | oy 0100 0910 1,090 1.000 956 0270 2450 1.550 1.550
E 4 016 0090 D820 1,180 1180 2,60  0.268 2410 | 590 1500
-3 6 9.20 0088 0.810 1.190 1.190 9.61 0.264 2.400 1600 1600
| 8 030  0.089 0.510 1.190 1.150 2,61 0.263 2300 1.610 1610
| pH before adsorption = 6.90 pH before Adsorption = 6.65
e —— e
s 2.0 % 10°* mob/L 4.0 % 10° mol/L
E.,-i 1y | ooe:r  0a67 1.520 0,480 0,480 1009 0088 1,710 2.290 2,200
sl ! 09.97 0075 0,680 1.320 1.320 1022 0163 1.480 2.520 2.520
| % : 1011 0010 0.100 1.900 1.900 1030 0.138 1.250 2,750 2750
bt B 10.10  0.008 0.072 1.930 1.930 1030 0138 1120 2750 2.780
"g 6 10,10 0.008 0.072 1.930 1.930 1030 0134 1.210 2.790 2,790
gl 8 10,10 ©.008 0.072 1.930 1,936 1030 0133 1.200 2.800 2,800
pH before pdsorption = 6.90 pH before Adsorption = 6.65
7;:::1:1' 2.0 % 107* mol/L 4.0 % 10°* moldt,
! - s 421 0.392 1560 0.440 0.440 09.06 0.183 1,660 0.0 0.340
| t.d. i 354 0330 1,000 1.000 1.000 09.95 0.075 0.680 1320 1.320
| 2| 2 339 0286 2.600 1400 1.400 10.13 0050 0.450 1.550 1.5%0
E L 331 0270 2400 | 600 1.600 022 0040 0300 1.640 | b
5 6 130 0,270 2400 | 600 1.600 1020 0030 0355 1,640 | fily
L 3,30 0,270 2,400 600 1.600 1020 0039 0.355 1.645 |65
| pli before adsorption = 6.90 pH before Adsorption = 6.65
l 2.0 x 10° mott, 4.0 % 10°* mat.
. ' B
% 14 1001 0.392 3.560 0.440 0.440 09.00 0.183 1,664 0.340 0,340
S
sl 4 023 033 1000 | 0400 100 Mes 0075 .60 1.320 1,320
o
E_ 2 1030 0286 2,600 |.400 1.400 10,13 0.0%0 0.450 1.550 550
i =
| "Eu': p 1035 0270 2.400 1.600 1.600 1022 0.040 0.360 1.640 1.640
-,'_,:Z ¢ 136 0270 2.400 | 600 1.600 r 1020 0039 0335 1.640 1.640
% 4 038 02 2,400 1600 1.600 1020 0039 0.355 1.645 1648
Pl belore udsorplion = 6.90 pH before Adsorption = 6.65
s e 2.0 % 10 maiL 4.0 x 10 mol/L
| a |74 908 0900 B.182 4.068 4,068 .80 1.800 16.36 B.136 8136
3? ! 850  0.630 5730 6.520 6.520 8.60 1.250 11.36 13,14 13.14
- -E_E 2 £.90 0.570 5180 1.070 7.070 878 1.150 10.43 14.0% 14,08
s| 4 B8 0.455 4130 8.120 B.120 8,95 1.000 9,09 1541 1541
‘E i 0,11 0415 3,770 8,480 BAKD 872 0,865 786 16,64 1,6
;,E § 2,13 0.350 1180 9.070 0,070 .96 0.870 7.91 16,59 16,59
H belore adsorplion = 6,90 nH before Adsorplion = 6.65




Table 4.64 Equilibration time for the adsorption of brilliant bluc R on carbon samples

10 x 10° mol/L 20 x 10** mol/L
_ 7;{:}“’ B, .- D, B, D, | BB D,
- pihs Aby | (moLx10%| (moLxloh (motrg x 1091 pHiy Aby | (moflx 107)] (mo/Lx107) (malfg x 10
E “ | 780 0820 4.700 5,300 5.300 L4 1100 1.0580 9.420 pazt
gl 1 758 095 1.500 6410 6410 763 0.950 0.8500 11150 11.150
B 776 0228 2.100 7,900 7.900 60 0.900 0 8000 12.000 12.000
El 4| s0oe  oass 1.700 #.100 5.300 173 0825 0.7500 12.500 12.500
3| ¢ 763 0,178 1600 §.400 §.400 767 0728 0.6600 13.400 13,400
8 767 0165 1500 5.500 8.500 767 0.700 0.6250 13.750 13.750
pH before adsorption = .13 pH belore adsorption = 6,99 |
r:;:r 8.25 % 10" mipisL, 16.5 % 10" mol/L
Sl % | a7 oass 4410 1840 1440 752 0973 8850 7.650 7650
%‘ 1 | 741 o368 3.300 1950 4,950 750 0830  7.540 £.960 £.960
= z 744 0.304 2750 5.500 5.500 7.49 0.73% 6.680 0.820 9520
E 4 o0 0249 2.300 5,900 5,900 1.68 0.592 5340 1,12 11.120
i © 760 0207 1,850 6,400 6.400 759 0830 4900 11.60 11.60
=l s | 70 s 1.750 6.500 6.500 751 0514 4670 11.83 1183
pll before Adsorption = 7.70 pH before adsorption = 7.05
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Figure 4.70 Equilibration time for the adsorption of brilliant blue R on carbon samples at 25 °C
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4.0 x 10°* molst 8.0 x 10°* mol/1,
= T::;,T i, D1, & . DD i
& Pl | b | moflx 107 | (maflx10%) |y jgn | P | Abe | (oL x 107 (molxio) {enolig x 10
- ]
HEE T 2310 1690 1,690 12 0580 6570 1430 1430
| gl 1 235 0142 2,060 1.940 1,940 g4 0518 5470 2.130 2.130
§ z 857 0475 1.980 2.010 2.010 840 0500 5.470 2330 2,330
HE 8§90 0472 1.950 2050 2050 342 03500 $.670 2330 2330
12| ¢ | 392 oim 1.920 2080 2.080 845 0.500 5670 2330 2330
f L BY4 0170 1.920 2,080 2.080 345  0.500 5,670 2330 2330
| PH before adsorption = 5,75 | pH belre ndsorption = 3.90
ey 4.0 % 10°* mol/L 8.0 x 10° mol/L
' g ¥, | 257 o3m 178 0250 0.250 278 0.658 7.460 0.540 0.540
sl ! 9.63 0313 354 0.460 0,460 993  0.610 6.920 1,080 080
% b 901 0302 342 0.580 0,580 10,8 0.600 6,400 1.200 1.200
2 4 999  0.298 m 0.630 0.630 1020 0508 6,780 1.220 1.220
“§. 6 0.0 0.296 135 0.650 0.650 1022  0.59% 6.750 1.250 1.250
el § 100 029 135 0.650 0.650 1022 059 6.750 1.250 1.2%0
Ll _pH before adsorption = 5.75 | pH before adsorption = 5.90 T
? T';;' 4.0 % 10° ol 8.0 x 10°° nial/L
| v | 951 ousi 2.050 1.950 1.950 3.4 0.490 5.550 2.440 2440
| a ! 963 0.150 1.700 2.300 2.300 wa 0417 4720 31280 3280
nl 2 9.91 0.140 1600 2.400 2.400 1206 0.400 4,530 3470 3470
Sl 4 | 990 0130 1.470 2530 2,530 323 0392 4440 1,560 3.560
‘ 5 6 | wo o 1.430 2.570 2.570 122 0390 4420 3.880 1580
& 100 0126 1.430 2570 2.570 12 0.390 4.420 1.580 31580
pH before adsorption = 5.75 pl1 before adsorption = 5,90
' r;::;.— 4.0 % 10 moliL. 8.0 x 10°° moldl,
| 3 i | a7z 0298 3.380 0.620 0.620 1035 0.508 6.780 1,220 1.220
| E ' 10,13 0.274 3100 0.900 0.900 1044 0570 6,400 1.540 1.540
.'E 2 1020 0263 2.9%0 1020 1.020 1061 0560 6.350 1.630 1.650
'E 3 1022 0260 2940 1.060 1.060 1064 0550 6.230 1.770 1,770
-_Ef ¢ 10.24  0.258 2,020 1,060 1.060 1064 0.545 6,180 1.820 1,620
=_% ‘e | 1025 o02s4 2870 1130 1.130 1066 0542 6140 1.860 1.860
pti before adsorplion = 5.75 pll before adsorption = 5.90
=1 20 x 10 mol/L. 40  10°* mol/L
a- v 175 1.24 14,060 5.940 5.040 142 3.040 3446 5.540 5.540
:E 1 7.62 117 13.150 6.850 6.850 147 2.900 1288 7.120 7.120
.E z 7.56 114 13.040 6.960 6.960 7.45 2.500 31.75 8250 5250
2] 4 752 NE 13.040 6.960 6.960 745 2,760 3129 8710 8710
'% 6 | 150 s 13.040 6.960 6.960 745 2760 3129 8710 8710
=] 8 7.50 |15 13,040 6.960 6.950 745 2.740 31.00 B.820 BR20
;__ ______ H before adsorplion = 7.70 pH before adsorption = 7.98




"Table 4.66 E uilibration time for the adsorption of acid vellow 29 on carbon samples
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20 x 10°* mol/L. 40 % 10°* molst, =
Tri';;r:' b, .- D, D, i, h .- 0, R D,
o Plha | Al | (mofLx 10%) | (moflat0) | o g ] Pl [ Ab | (ot x 10| (mortxi0®) (molg x 1¢
§ % B.A47 0.930 10.540 09.450 09.45 3.65 1.520 20,640 19.300 19.360
E ! 827 0502 6.7120, 13.28 13.28 874 0993 11,250 28.740 28.740
Sl ) os2s o8 0.9860 19.01 19.01 827 085 7.3650 35.630 35.630
| 4| w0 oose 0.9750 19.02 19.02 265 0277 31410 36.860 36.860
El 6| s20 ooss 0.9630 19.03 19,03 864 0275 3.1200 36.880 36.880
8 1 820 ooss 09630 19.03 19.03 864 0274 31100 36,890 36.890
pll belire adsorplion = 7,70 pll before ndsorption = 7,98
¢ 20 x 10° molL. 40 % 10* molL
S % | v osu 9.4550 10,540 10540 750 1,188 13435 26,500 20,500
E & 173 047 5.3630 14.640 14.640 742 0768 87070 31.300 31.300
gl 2 63 0270 30610 16.930 16.930 740 0612 69380 33,100 33.100
8| 4 7.56 0200 22670 17.730 17.730 737 0512 5780 34.210 34.210
& 6 | 75 o0 2200 17.730 17.730 735 0500 56680 34330 34,330
= 3 7.55  0.198 2.2500 17.750 17.750 734 0495 56120 34,380 34380
pll belore adsorption = 7.70 pH before adsarption = 7,98 |
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Figure-4.71: Equilibration time for the adsorption of acid yellow 29 on carbon samples at 25 °C




Table 4.67 Equilibration time for the adsorption of acid yellow 34 on carbon samples

3.0 % 10°° molsi,

6.0 % 10°* mol/L.

o T b | b, N N -
E":-' il Al ol x 10 | mavlx oty (ol x 10°) plls Abw gl « 10| gmadlx10) (moblg x 10°*
S| % | sos  1sn0 2175 0.825 0.825 206 2940 407 1.930 190
g_ I 932 1.130 1.565 1.430 1.430 926 2520 3,490 2510 2510
E 2 263 1120 1.551 1.450 1.450 050 2400 3.320 2,680 2,680
'E 4 9.64 1.120 1.551 1.430 1,450 959 2400 3320 2,680 2,680
% o et 1120 1.551 1450 | S .59 2000 330 ] 20810
=| 4 .64 1120 1551 1.450 1450 959 2,400 3,320 2.680 2.680
Pl belore ndsorption = 6,80 Pl beliore mlsorpiion = 6,32 ;
R r:ﬁ-:e 3.0 % 107 mol/L 6.0 x 10* mal/L
;H_' ‘,/2 WLTD .62 .24 0750 0. 750 1ol J.ozo 4. 180 1L.EID 1L.RID
2 1 10.23 1.28 LTt 1.23 123 10.12 2840 1930 2070 2070
:.?' 2 10.29 1.26 1.74 1.26 1.20 10.22 2.800 3850 2120 2120
of 4 10.32 1.26 1.74 1.26 1.26 10.25  2.800 3,880 2,120 2120
S| ¢ 10.32 .26 1.74 1.26 1.26 1025 2.800 3.B50 2.120 2120
E’ § 1 1032 120 174 1.26 1.26 1025 2.800 3.880 2.120 2.120
pll before adsorption = 6.80 pH belore adsorption = 6,32
T::_."; 3.0 % 107° moliL ﬁ-.l.'l % 107 mol/L
| | s 1.95 2.700 0.298 0298 6.28 1.560 5.000 1.000 1.000
§ 1 719 170 2.350 0.645 0.645 635 3480 4820 1.180 1180
=l 2 6.0) 168 2.250 0.714 0.714 6.43 3,400 470 129 1.290
B8l 4 | eod 168 2280 0.714 0.714 645 1400 4710 1.290 1.290
E 6 5.98 1.65 2.280 0.714 0.714 6.45 3.400 4710 1.290 1.200
8 5.9 .63 2.280 0.714 0.714 645 3,400 4710 1.200 1.240
P e e dsorplion = 6,80 M Before mdsorplion - 6,32
oy 4.0 % 10° molL 8.0 % 10°° mol/L
I| % | o300 oazs 3.030 0.964 0.964 9710 0840 6000 2.000 2.000
:_;T 1 LT 0.2 2350 1630 1.650 10.10 0.7io 5070 1920 1920
ﬁ 2 1006 0300 2,140 | B60 1.860 1047 0.595 4250 3.750 3.7%0
‘E 4 020 0,200 2070 1,930 1.930 10,20 0.59 4210 1,790 3,790
-§==,_ . 1022 0.290 2.070 1.930 1.930 1022 0588 4,200 3,800 3,800
-:-i': ¢ | 1022 o029 2070 1930 1,930 1023 0586 4180 3.820 1820
pll belore adsorption = 5.58 pH before adsorption = 5,48
s T"r‘;; IS x 10°° mal/L 30 x 10% mal/L
’E w, | 157 1.88 13.420 1.5700 1,5700 7.34 1.800 714 2860 1.860
s| 742 1.60 11.430 3.5700 3.5700 754 3350 23.93 6070 6.070
%. N 7.44 138 9.8570 5.1430 5.1430 761 3.120 22.28 7.720 7.720
s 4 7.44 136 97140 5.2860 5.2800 770 1.080 22,00 £.000 B.000
‘E 6 744 1,36 9.7140 5.2860 5.2800 1.70 3,060 21,88 B.140 B.140
;:; k. 744 1.36 97140 5.2860 5.2860 7.70 3.040 P B.200 8,200

Il belore adsorption = 5,70

H belore ads

tion = 5.48



Table 4.68 Equilibration time for the adsorption of acid vellow 34 on carbon samples
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20 x 10°* mal/i., 40 x 10°* mol/L
7}'}:’ D, .- D, 5 D, D.- D, .
~ Plha | A | (moflox 10%) | (mofla0%) | ol g ] P [ Al | (molox 10| matlad0) | LY o
% % 777 0741 §,2030 14.710 14.710 1.58 1.640 11,710 28.30 28.30
gl ! 781 0322, 23000 17,700 17.700 7.80 1.140 8.1430 3185 1185
§ - 760 0272 19430 18,060 18.060 756 0980 7.0000 31.00 13.00
£ 4 760 0.256 1.8285 18,172 18,172 156 0817 5.8400 3416 b
<] ¢ 72.60 0235 16785 14,322 18,322 755 0056 46850 532 3832
& 760 0236 | 6857 18.314 18.314 755 0.692 4.9400 15.06 35.00
pH before adsorption =560 pH before adsorption = 5.00
?:f_ff 30 3 100" ol 60 % 107 e/,
gl % | 70 o709 5.0040 24,360 24.360 118 2,720 19,430 40.570 40.570
?:; I 706 0375 26780 17922 17322 11 L84S 1M180 46820 46,820
gl ? 702 027 1.9280 28.072 28.072 7.07 1310 9.3570 50.820 50.820
3| 4 7.01 0,264 1.8850 8.115 28.115 7.02 0.749 5.3500 54.650 54650
= 700 0261 1.8640 28.136 28.136 7.02 0.637 4.5500 55.450 . 55450
e 700 0260 1.8570 28.14) 28.14) 7.01 0,640 4.5700 55.430 55.430
pH before adsorption = 5.13 pH before adsorption = 5.91
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Figure 4,72 Equilibration time for the adsorption of acid yellow 34 on carbon samples at 25 °C
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2.0 x 10°* mol/L 4.0 x 10 mol/L
g ﬂ"" - plly Aby lmu.flf’: 10%) [n::l::::)“"] ( mu:: o | P Aby :mu: 104 J;n:':'lrrl:‘ oy ( M:‘ o
..E % .16 0.160 1.0080 0991 0.991 8.70 0.446 2810 1.190 1.190
2 ! 871 0,130 0.8190 1.180 118D 484 0413 2730 1270 1.270
_E - 902 0.5 0.7250 1.280 1.280 918 0430 2710 1.290 1.200
E 4 909 0,015 0.7250 1280 1.280 920 0430 2710 1.290 1.200
3| ¢ 9.1 0115 0.7250 1,280 1.280 921 0430 2710 1.200 1.290)
| # 913 olIs 0.7250 1,280 1280 721 0430 2710 1.290 1,200
pHl before adsorption = 6,92 pH before adsorption = 6,75
~ ‘r;j,*j“' 2.0 % 10°* mok/i 4.0 % 10° mol/L
E": Yo | o4l N.185 L1660 08330 0.81) 9.72 0.380 2390 160 1600
gl ! 908 015) 19640 10360 1036 .88 0,340 2.1437 | 8562 18562
% : 1001 0148 0.9330 10670 1,067 a2 0338 21122 | 8877 | 4877
ol ¢ 10,12 0.5 0.9500 10500 1.050 1014 0332 20933 1.9066 19066
% 0 1003 0150 0.9400 | 0600 1,060 1006 0331 2.0870 1.9129 L9129
<l # 1015 0150 0.9460 10600 1.060 1017 033 2.0870 1.9130 19130
| phl before adsorplion = 6,92 pH before adsorption = 6.75 |
?;,",';' 2.0 % 10°* mol/L 4.0 % 10°®* mol/L 1
- 4 169 0.104 0656 1.340 1.340 i 0292 1 840 2.160 2160 |
*‘d 1 M ooTo 0.440 1.560 1.560 330 0260 1640 2.360 2360
E 2 3130 0068 0.428 1.570 1.570 I 320 0.250 1.570 2430 2430
3| 4 327 0067 0.420 1.580 1.580 1LI8 0.248 1.560 2.440 2.440
é 6 326 0.067 0.420 1.580 1.580 T 0,247 1.550 2.450 2,450
8 12 0067 0420 1.580 1580 Ll 0,247 1 550 2A50 S0 |
pH before adsorption = 6.92 phl before adsorption = 6,75
. T;;;' 2.0 % 107 mol/t. 4.0 % 10" smaldt,
g Y| w47 0a00 1010 0,090 0.9% 09.81 0461 2,900 1,093 1073
sl 09,62 0050 0,940 | 060 1,060 997 0432 2724 1,276 1.276
g 5| wes oa4o 0.880 1120 1120 0999 04N 2717 1282 La8d
'E 4 1007 0.140 0.8R0 1.120 1.120 1002 0430 2710 1.290 1.290
'.:-..E P 10.10 0140 0880 1120 1,120 1004 0428 2690 1310 1,310
% 2 10.12  0.140 0880 1.120 1.120 1006 0427 2.680 1420 1.320
phl belore adsorplion = 6.92 pHl belore adsorption = 6.75
3 =g 20 x 10°* mol/L. 40 x 10°* mol/L
Sy | 724 3.00 18915 1.0844 1.0844 130 1360 24330 15.67 15.67
§ L 729 2350 17.654 2.3455 2.3455 731 2.000 13.556 26.44 26.44
.._E 2| 735 2w 17.040 29760 29760 132 2150 12610 27.38 2738
a| 4 142 268 16.710 32913 3291) 738 2110 13304 26,49 26,00
*E 6 7.40 264 16045 31.354) 3.354) 7.33 2,108 13.291 26,70 .70
;; 8 7.40 263 16.583 34174 34174 7.23 2.106 13.278 26.72 26,72
H before adsorption = 6.92 H before adsorption = 6,35
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20 x 10°* mal/l, 40 % 10° mol/L.
T
poy . DeDs D, 0. | DeD b,
ol Pl | Abu | oL x 10%) | moxt0?) | oot el PP | oAb | (moflx 10) (molxi0h | S
E " LR 3860 24337 43370 433719 .28 5320 1154} (4504 B.d50d
g I LRiLE 1.250 T.HEL [ERRLT 12,1100 H.34 14940 12,25 27,767 27.707
<l 2 | osm oo 04413 19,450 19,559 £300 0437 08608 39,136 39,136
gl 4| s ooes 0.4287 19.571 19,571 838 0099 06242 39376 19.376
-% G R.19 0.068 04287 19.571 19.571 3.37 0.096 0.6053 39,3095 39395
4 Ll 0,068 DAZRT 19.571 19.571 337 0.0%6 0,603 30,397 39397
! pH before adsorption = 6.9 pH before adsorption = 6.35
nr;: 30 10 mal/L 60 % 107 mel/L
;3' A 741 0.840 52963 14.703 14.703 127 1510 0.521 30479 30479
. E 1 1.2 0.297 1.E730 18127 15127 720 0571 5507 34493 34493
! E 2 T..'li.'.! 0,250 1.8280° 18172 18.172 T.25 0.594 31,745 J6.255 36,255
E 4 T.24 0,285 1.7969 1&.203 18.203 T.24 0,546 A4 36557 36557
En 6 | 728 0285 17969 18,203 18.203 724 0.540 1408 36.595 36.595
1 =] 8 | 728  o2ss 17969 1£.203 18,203 724 0540 3,408 36595 36,595
f _pl before adsorption = 6.90 pl before adsorption = 6.35
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|— k z 2.0 x 10" molit. 4.0 % [0°* mobL ¢
i Fime :
BE pliw | Aby {mnﬂf’: 10% (m:l:'lr.f:'tr'] D, i A N (O 0 D,
\.: (molig x 109) Nl by (moflx 107%)| (mofLx10) (molig x 10
..E % 913 0.594 3,930 0,060 0.060 508 0230 1.5200 0,480 0,480
H 930 0.590 3910 0.090 0.000 500 0220 1.4600 0.540 0.540
ﬁ 2 955  0.587 38490 0110 0.110 217 0215 1.4200 0.580 0,580
E 4 960  0.586 3.880 0.120 0.120 920 0214 1.4190 0.581 0.581
2 ¢ 063 0586 1.880 0.120 0.120 925 0212 1.4100 0.590 0.590
=| 8 964 0586 1,580 0,120 0.120 930 0211 13990 0.601 0.601
- pH hcld =6.62 pli before adsorption = 6.10
N Tgf 2.0 % 10°% molsL. 4.0 % 10°% mol/t,
g i | 090 0249 1.650 0.350 0,350 0968 0.502 3.320 0,640 0,680
o 09.87  0.230 1,420 0.480 0.480 0989 0405 1280 0.720 0.720
' E&- 2 1014 0220 1.460 0.540 0.540 1014 0480  1.180 0.820 0.520
ot ¢ 0,19 0220 1460 0.540 0.540 I 10.19 0480 3.180 0.420 0820
= 1020 0220 1.460 0.540 0.540 1021 0480 3.160 0.840 0.840
ng: 4 10,22 0.220 1460 0.540 0.540 1022 0480 6.140 0860 0.E60
— pH hc[‘ helsarplion =.452 pH before adsliun- . 10
?;:.,"‘f 2.0 % 10°* mol/L. 4.0 % 10°* mol/L
! || s eaw 1.790 0210 0.210 FEr, 0.540 1580 0,420 0.420
§ 1 134 025 1.650 0350 0.350 l 3127 0510 31380 0.620 0.620
z| ? 124 0245 1.620 0.390 0.390 316 0.505 3340 0.660 0.660
E 4 120 0243 1610 0.390 0.390 113 0.50) 1330 0.670 0.670
E 6 | 319 oaa 1600 0.390 0.390 L0 0.503 3330 0.670 0.670
8 316 0.242 1600 0.390 0.390 110 0.503 3.330 0.670 0.670
phl before adsorplion = 6,62 Pl beliare adsorption b, 10
| T;,",;" 2.0 % 10" mol/L 4.0 % 10°* mol/L
:l I % | o 026 1760 0.240 0.240 0971 0430  28%0 1150 1.150
‘g : 1001 0197 1,300 0.700 0.700 1999 0.38% 2,550 1.470 1470
% 3 1o 0192 1,270 0,730 0.730 10.08 0286 1.900 2,100 2.100
"‘é 2 10,22 0.9 1,200 0.740 0.740 1006 0.280 1.850 2.150 2,150
-5-:: o | 122 oa%0 1.260 0740 0.740 1020  0.280 1.850 2.150 2.150
', % s 1023 0.19% 1.260 0.740 0.740 1021 0280 1.850 2.150 2.150
pHl before adsorption = 6.62 pH before adsorption = 6.10
E-? e 10 % 10° malL 20 % 10 molL d
Sl y | 758 1.48 9.81 0.190 0.190 7.48 2.90 19.23 0.770 0.770
§ 1 7.61 1.40 9.28 0.720 0.720 7.37 2,50 18.57 1430 1.430
g 2 7.62 1.35 £.95 1.050 1.050 749 2.76 18.30 1.700 1.700
| ;_ 4 793 130 862 1.380 1.380 i 153 b5 [ 15.16 1.840 1.E40
| '§ 6 7.95 1.30 £.02 1380 1.380 1.53 274 18.16 1.840 1.840
S| 8 | 705 130 8.62 1.380 1.380 153 274 1816 1,840 1 840
fm adsorption = 650 i before adsorpiion = 7.17
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20 x 10** mol/L. 40 x 10" mol/L.
Tinne
™ i A i,muﬂn: 10 {m:{:ﬂ:]"] o ni Abu | | m'l? :-lu'*} (mz’l: E:'E:"‘ s
g I . {molig x 10%) " . i {molfg = 10"
g =] % g0 1.700 11,27 $.7300 8.7300 181 380 25.190 14810 14.810
g I 784 1400 9.280 10.720 10.720 787 360 23870 16.130 16.130
=f 2 7.93 1200 7.960 12.040 12,040 7.9% 3.36 22.7%0 17.720 17.720
£ 4 780 LI00 . 7.290 12.710 12,710 799 3134 22.140 17.860 17,860
<] ¢ 780 1,005 7.250 12,750 12,750 7.98 3.34 22,140 17.860 17.860
8 784 1095 7.250 12.750 12.750 7.9% 334 22,140 17.860 17.860
pHl belore ndsorplion = 7.17 pH before adsorption = 6.80
, T;,,"'f 20 % 10°* mol/L. 40 x 10 mol/L
15| | 22 9% 12.930 7.0700 7.0700 7.11 1.90 12,600 27,400 27,400
gl ™ .40} 9.3500 10,650 10.650 717 1.63 10,740 29.260 29.260
E 2 720 1300 B.6200 11.380 11,380 7.18 146 9.6800 30.320 30,320
gl ¢ 7.21 1.046 6.9400 13.060 13.060 718 1.30 8.6200 31,380 31.380
™ 6 | 121 10 69200 13.080 1.080 218 130 56200 31380 31380
=l s | 1 08 eo0 13.080 13.080 718 130 84200 31.380 31.380
i pl1 before adsorption = 7, 17 pH before adsorption = 6.50
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Figure 4.74 Equilibration time for the adsorption of acid orange 10 on carbon samples at 25 C
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Table 4.73 Adsorption isotherm of acid blue 1 on carbon samples
® at 10°C at 45°C
E Lo N N b.
& ot 1. Abs | (o <10 : M:;";..} (ot 1679 Laaii il [KPY0 [, =10 (_Dn":?ﬁﬁ {ﬂﬂ'm
3.00 0.090 | - 028 0.175 0.175 300 005 | 0069 0.231 0.231
6.00 0.120 0.166 0434 0.434 6.00 0.100 | 0.8 0462 0.462
9200 0182 D252 064K 0.648 9.00 0.160 0.222 0678 D678
E 120 0.250 D.346 0854 0.854 120 0.240 0332 D867 0867
= 15.0 0.360 0498 1.001 1.001 150 0.132 0459 1.040 1040
1K.0 409 .60 1108 1.108 15.0 0,490 6TH 1.121 121
210 0.650 0.900 1.190 1190 210 0635 0.B879 [.220 1.220
Q 210 0,780 1.GEO 1.219 1.219 23.0 0,745 1.032 1.268 1,268
5‘; T 3.00 0.071 0.097 0.203 0.203 3.00 0.058 | 0080 0.220 0.220
I& .00 n.141 0.195 0,404 0404 [Eii] 0.097 0134 0466 0.4k
= 9.00 0.8 | 0256 0.643 0.643 9.00 0074 | 0241 0.658 0.658
E o 12,0 0270 | 0374 0.826 0.826 12.0 0248 | 0343 0.857 0857
E % 150 0368 0511 0.98% 0,989 150 0.349 0483 107 L.o17
*E 18.0 0490 0.678 1.121 LIl 18.0 0.470 0.651 1.148 1,148
z 21.0 0.655 0.907 1.192 1192 210 0620 | 0858 1.241 1241
"E 2.0 (3,800 1108 1.192 1.192 23.0 0.750 1038 1.261 |26
E 300 0,022 0.03047 0.26051 0.2605) 3.00 aalo 00138 0.2861 D.2861
600 0,033 0.04571 0.55430 0.55430 6.00 0.021 : 0.0291 0.5709 05700
9.00 0,046 0.06372 081630 0.83630 9.00 0,034 00471 0.R529 08529
5“1 12.0 0057 DLTHDG 11200 11210 20 0045 00621 11376 1.1376
E 15.0 0073 o.ioii2 139887 1. 39887 150 0.060 00831 14168 14168
180 0.092 012744 1.6T255 1.67255 18.0 0.081 [ AR i 16880 1.6880
210 0.127 0.17592 1.92407 1.92407 1.0 0115 0.1593 1.9410 1.9410
3.0 0.178 | 024657 | 205341 | 208341 230 0.165 | 02285 20714 20714
.00 0.120 0,166 0.133 0133 300 0.120 0.1 66 0.134 0.134
6.00 0.208 0.284 0316 0316 6,00 0220 | 0300 0.300 0,300
200 (.350 0430 DAl 0414 900 03 ERT] AT 470
z 12,0 0.402 0.620 0.505 0.505 12.0 0451 | 0620 1,580 0,8K0)
= 150 [N 0592 .08 0608 15.0 0.51 0,70 (L7110 0710
15.0 U360 119 OLG08 D608 1.0 0.750 1039 0761 0761
21.0 1.077 1.492 0.608 0.608 210 0.967 1334 0.760 0,760
2.0 1.220 1.169 0610 0.610 230 1.09 1.510 0.791 0.791
O 3,00 0,090 0.124 0.176 0.176 3.00 00n | o008 0202 0.202
2 6.00 0.145 | 0200 0400 0.400 6.0 0124 | 0171 0429 0.429
Ei_ 9.00 0.235 0325 0.575 0.475 92.00 0211 | 0292 0.608 0.608
ol 12.0 0.371 0514 0.686 0.686 120 0341 | 0472 0.728 0.728
S8 0 0569 | 0788 0711 0711 150 | 0481 | 0.666 0.834 0.834
h-"'h"_: 18.0 0.781 1.082 D.718 0.718 18.0 0.680 ! 0.942 0.858 0.B58
ﬁ 210 0.991 1372 0727 0.727 21.0 0.8%9 1231 0.868 0.868
n‘j: 23.0 1.140 1.580 0.721 0.721 238 1042 | 1443 0856 0.856
300 | oo | o097 0.203 0.203 3.00 0051 | 0070 0.230 0.230
' 6.00 0.130 0.180 0420 0.420 G.00 0.108 0.150 0.450 0450
.00 0222 0307 0.591 0.593 9,00 0203 nagi G119 0.6l0
i-" 12.0 0.360 (.498 0.702 0,702 120 0,300 0AlS 0. 784 0,784
gl 10 0492 | 0681 0.819 0819 15.0 0400 | 0454 0.946 0.946
150 0.602 {958 (.84 0.841 18.0 0.565 0.782 1L.O18 1LOIE
210 0.920 1.274 0.830 0.830 21.0 0379 1079 1021 1.021
230 1.050 1458 0.845 0.845 23.0 0920 | 1.287 1.013 1013
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Figure 4.75 Adsorption isotherms of acid blue | on Paulownia tomentosa (PT) and Populus caspica
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Table 4.74 Adsorption isotherm of acid blue 1 on carbon samples

Corncobs (CC)

et
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) at 10°C at 45°C
= I Iy, O o4 I,
E {ma#l?.:lﬂ*‘.l Aby E?:E;”L ® [l‘nlgi.:dll:.ﬂ." {m:l}, 3 ET::..T Abu {muld.dm“ Ini.lljrﬁ'*n" im"-l?;'} d

= 10 10%) x 107) * 10 107)

3.00 0.101 0,134 0.161 0.161 3.00 0.100 | 013850 | 0.16470 | 0.1647

.00 .200 0277 maz2 0322 6.0 o170 023548 0364 50 0.Mied s

9.00 0290 | 0401 0.499 0.499 9.00 0250 | 034630 | 055370 | 05537

z 120 0421 0.583 0620 0.620 120 0341 | 047200 | 072800 | 0.7280

- 150 0595 | 0824 0.675 0,675 150 0520 | 072000 | 077900 | 0.7790

15.0 0.808 1.120 0.680 0.680 185.0 0735 | 102200 | 077800 | 0.7780

110 1.045 1.447 0.652 0.652 21.0 0966 | 133800 | 076200 | 0.7620

230 1.180 1.634 0.665 0,665 23.0 1111 | 153800 | 076100 | 0.7610

300 0075 | . 004 0.196 0.196 300 o0ss | 0061 0.239 023

 6.00 0.13 0.180 0.420 0.420 6.0 0.110 | 0.152 0,448 0,448

E AT wATh .24} hos7 a7 .00 0155 0215 hiH S (IR

& 12,0 0.281 0.389 0.811 0.811 120 0262 | 0263 0,837 0.837

g 15.0 0468 | 0.648 0,851 0,851 15.0 0423 | 0.586 0.914 0.914

1.0 0670 | 0928 0872 0.872 18.0 0599 | 0829 0.970 0.970

210 0875 1212 0,888 0.888 21.0 0810 | 1122 0.978 0.978

23.0 1.020 1413 0.888 0.888 230 0958 | 1327 0.973 0,073

300 0024 | 0033 02660 | 02660 3.00 o002 | o002 | 02970 02970

6.00 0.084 0.116 04840 | 0.4840 6.00 0020 | 00277 | 05723 0.5723

9.00 0175 | 02424 06576 | 06576 9.00 00% | 04250 | 07750 | 0.7750

o 12.0 0260 | 03602 | 08398 | 08398 12.0 0185 | 0255 09450 | 094%0

g 15.0 0404 | 0559 | 09440 | 009440 150 | 0313 | 04350 | 10650 | 1.06%0

15.0 0540 | 0748 1.0000 1.0000 18.0 0470 | 06511 1.1489 1.1489

21.0 0.780 1.080 1.0100 1.0100 210 0650 | 09000 1.1990 1.1990

210 0.900 1.246 1.0500 1.0500 230 0810 | 11220 11780 1.1780
300 0130 | o0.1801 0.1199 0.1199 3.00 0065 | 0090 | 020098 | 02008
6.00 0210 | 02909 | 0,091 0,301 6.00 0026 | 047458 | 042546 | 042846
9.00 0355 | 04920 0,408 0.408 .00 0242 | 033522 | 086470 | 056470
% 120 0so0 | 0.0920 0,507 0.507 12.0 0381 | 052700 | 067300 | 0.07300

& 15.0 0.680 | 00420 0,558 0.558 150 0,555 | n7ks0 | 073120 | 073
T 0885 | 1.2200 0,574 0.574 18,0 0.770 | 106660 | 073330 | 073330

210 Lo | 15237 0.576 0.576 210 0985 | 130440 | 073550 | 0.735%0
o I 1.250 | 17315 0,568 0,568 23.0 1027 | 156110 | 073880 | 0.73880
§_ 300 0.000 | 0.1385 0.162 0.162 300 0080 | 0111 0.1892 0.1892
s 6.00 0173 | 02400 0.360 0.360 6.00 0150 | 0207 03922 | 03922
= 9.00 0273 | 03730 0512 0.522 9.00 0242 | 0335 05647 | 05647
E.' - 120 0416 0.5760 0.624 0.624 120 0.361 0.500 0.6999 0.6999
=2 150 0540 | 0.74%0 0.752 0.752 15.0 0500 | 0om 08074 | 08074
-_.-._"-‘ 18.0 0702 | 09724 0827 0827 18.0 0672 | 093 0.8691 0.8691
= 210 0.910 1.2600 0839 0.839 210 0880 | 1220 0.8810 08810
,g' 3.0 1.060 1.4680 0.832 0.832 23.0 1.010 1.399 0.9009 0.9009
= 3.00 0042 | 0058 02420 | 02420 3.00 0010 | 00138 0.2861 0.2861
6.00 0090 | 0125 04753 | 04753 6.00 0031 | 00430 | 03570 | 0.5570

9,00 0145 | 0201 0.6991 0.6991 2.00 0.110 | 014523 07476 | 0.7476

o 120 0.252 | - 0349 08510 | 08510 12.0 0227 | 0144 0.8855 | 0.8855

g 15.0 0.402 | 0.587 09430 | 09430 15.0 0365 | -0.5056 | 09943 | 00943

18.0 0598 | 0828 09716 | 09716 1.0 0504 | 0.0981 L1018 11018

210 0.800 1.108 09918 | 09918 1.0 0.650 |  0.9004 1.1995 11905

230 0.940 1.302 0.9978 0.0978 23,0 0.785 | 10874 12126 1.2126
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samples.



Table 4.75 Adsorption isotherm of acid blue 1 on carbon samples

Salvadora Oleoides (SO)

Sample

Raw

400 *C

600 °"C

s00°C

900°C

1000 °C

208

al 10°C " nt 45°C
Dy D, - Leli! Dy ) N
N Bl 1 S o R T i o I e )
107) i = 10 10™)
100 0.000 03311 0.1684 0.1688 Lo 0.450 0.623 0370 0376
200 1075 1.4891 05108 05108 .00 0.920 1.274 0.726 0.726
J.oo 1.560 2.1609 0.8390 0.8390 3.00 1.250 1.731 1.268 1.268
4.00 1.910 26457 13542 1.3542 4.00 1.600 2216 1.784 1.784
500 2.260) 31306 1 8693 1.8693 500 1.950 27101 1,299 2.299
[ 2,750 3R100 21906 2.1906 .00 2400 3324 2.676 2076
LR 4.000 5.5409 2.4590 24590 5.00 3.600 49506 1014 Y04
1,00 5380 T.4525 2.5470 2.5470 1,00 4.990 6.912 3087 JORT
100 0,315 0.4040 0.5359 0.5359 1.00 0225 03117 06883 0.6ERY
2.00 0,740 1.0250 0.974% 0.9749 2.00 0,600 0.E311 L1G6RE 1.1G8R
J.00 1090 15049 1. 4900 1.4900 3.00 0.920 1.2744 1.7256 1.7256
4.00 1300 1.8000 219 21992 4.00 1.120 | . 1.6899 23100 2.3100
500 1.700 23548 2.6451 2.6451 5.00 L60D | 22163 27836 27836
.00 2.000 2.7705 3.2295 12295 6000 1.900 | 26319 33680 33080
H.00 340 4.6266 33 1373 8.00 1.200 4.4327 3.5670 15670
1.0 4.700 6.5106 J 4894 J4R94 LD 4,550 6.3028 3.6972 36972
100 0.152 0.21055 0.7894 0, 7804 1.00 0.124 01Ty 0.8282 08282
2,00 0185 0.53330 1 AG66 1 4666 2.00 0.350 04973 1.5027 1.5027
3.00 0,752 1.0417 1.9583 1.9583 .00 0.700 0.96%6 20302 20303
4.00 1.100 1.52375 24762 24762 4.0 1.152 1.5957 24042 24042
500 1.402 1.93209 305719 1.0579 5.00 1.540 21.1332 28667 180667
6,00 1.930 267350 31,3265 313265 6.00 1 850 2.5626 34370 BRI
4.00 3.000 415570 J.544) 33443 B.0O 2.800 JB78G 41213 41213
10.0 4.400 6.09502 19049 39049 10.0 4.200 58179 4.1820 41820
1.00 0.0400 0.05541 0.94459 0.94459 L.00 0,010 001385 0.9861 0.9861
2.00 0.1150 015930 1. 84060 I R4062 200 0,030 nand1 55 10574 [RRE S
3.0 03220 | 0440604 285108 2.55305 3.0 [T 20501 105010
4,00 0.6800 0.94195 105804 J.05804 4.00 0.161 0.22302 L] 1.1769
.00 1.1600 1.GOGET 139313 339313 500 0,262 0.36293 4.6370 4.6370
600 1.8200 2.52111 JATERT 147887 G600 0.692 0.95558 50414 50414
8.00 A.200 443272 3356725 336715 .00 1600 22167 5.7836 5.783)0
10,0 4.620 639917 360022 1.60022 10.0 2860 | 396176 6.0382 60382
1.00 0.0220 003047 0.96952 0.96952 L.00 0,005 0.00069 0.99307 0.99307
2.00 0.0200 002770 1.97229 1.97229 o0 0,012 0.0166 1.98137 1.98337
.00 0.0290 004017 2.95983 295983 3. 0043 0.0595 294041 294043
4,00 01000 0.13852 1B6147 1a6147 4.00 o117 0.1621 333792 ey
.00 0.2100 0.29089 4.70910 4.70910 5.00 0.169 0.2341 4. 76580 4, 76580
6.00 0.6720 0.93087 5.06912 506912 6.0 0.300 04155 558440 5.58440
8.00 2.1000 290899 5.09100 509100 8.00 1.500 207785 5.92214 592214
10.0 35200 487602 512397 512397 10.0 2,800 18786 612130 6.12130
1.00 0.0320 | 0.044327 0.95567 0.95567 1.00 0.021 0.02908 0.97091 0.97091
200 00400 | 0.055409 1.94459 194459 2.00 0.028 | 003878 1.96121 196121
3.00 0.0590 | 0.081728 291827 291827 3.00 0032 004432 295570 2.95570
.00 AL 0.20315%4 3. 7I6H0 1.73680 4,00 0043 0.0595 34043 304043
&S00 03100 | 0.420422 4.57057 457057 5.00 0.150 0,20778 4.79221 4,792
.00 0.7520 1041690 495830 495830 6.00 0280 [ 5061212 301202
H.00 2.1400 2.9641399 503560 503560 800 1.300 1.80080 6.19919 6.19919
10.0 15200 | 4.876021 s.12397 501230 10.0 2.550 153245 6 AGT6S 646765
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Figure 4.77 Adsorption isotherms of acid blue 1 on Salvadora oleoides (SO) carbon samples



Table 4,76 Adsorption isotherm of acid blue 1 on animal bones based carbon samples

Animal bones (ABC)

210

. D at 10°cC D at 45°C
(= T D. 3P D,
IR Srcolll P oy (molde” :m:%* S R vl (| (kg =
0% I Fxioh [T
4.00 0540 | 074802 | 32519 | 32510 400 0220 | 030475 | 309520 | 369520
6.00 0GB | 0095304 | 50469 | S.0469 6.00 0376 | 052084 | 547015 | 547915
MDD 0.822 113866 GRG0 68613 B0 o510 0. 70046 T.2015) 7.29353
o 10.0 1046 | 144895 B.5510 8.5510 10.0 0734 | 101676 | 298320 | 898320
g 12.0 1432 | 198365 | 10.016 10016 12.0 1.120 | 155140 | 104480 | 10.4480
14.0 2140 | 206440 | 11035 11.035 14.0 1700 | 235480 | 1016451 | 11,6451
16.0 3062 | 424160 | 11.758 11.758 16.0 2750 | 380040 | 12.1906 | 12,1906
18.0 4112 | 569610 | 12304 12.304 18.0 3800 | 520380 | 127360 | 127360
4.00 0400 | 055409 | 34450 | 34450 400 0.140 | 049393 | 3.3061 1.3061
6.00 0572 | 079235 | s$2076 | s2076 .00 0286 | 039620 | S6008 | 5.6038
.00 0740 | 102507 | 069749 | 69749 8.00 0420 | 058179 | 74182 | 74182
¢ 10.0 0994 | 137692 | 86321 8.6321 10.0 0.644 | 049210 | 9.1079 | 9.1079
2 12.0 1360 | 188390 | 10.116 10.116 12.0 1.040 | 144064 | 10,559 10.559
14.0 2060 | 285358 | 11.146 11.146 14.0 1620 | 224407 | 11.756 11.756
16.0 1960 | 4.10029 | 11899 11.899 16.0 2660 | 368472 | 12315 1215
18.0 4014 | 556030 | 12439 | 12439 18.0 3710 | 513921 | 12.860 12.361
4,00 0328 | 045435 | 15456 | 3.5456 400 0.100 | 013852 | 386147 | 186147
6.0 0462 | 063997 | 53600 | 53600 6.00 0175 | 024241 | 575760 | 575760
K00 0630 | 087260 | 7.273 | 70273 800 0310 | 042042 | 757087 | 7.87057
© 10.0 0884 | 122454 | 87754 | 87754 10.0 0533 | 073833 | 926160 | 926100
s 12.0 125 | 173154 | 10.268 10268 12.0 0983 | 136168 | 106383 | 10638
14.0 1830 | 253490 | 11465 | 11465 14.0 1510 | 209170 | 119083 | 119083
16.0 2040 | 407250 | 11927 | 11927 16.0 2548 | 352957 | 124704 | 124704
18.0 3310 | 458510 | 13418 13415 18.0 3604 | 499238 | 13.00%6 | 13.0076
4.00 0217 | 030050 | 36994 | 36904 400 0060 | 0.083110 | 3.916880 | 3.916880
6.00 0351 | 048621 | 55108 | 55038 .00 0084 | 0116050 | SS836a0 | S REI0I0
8.00 0514 | oTi200 | 728719 | 7287 8.00 0218 | 001980 | 7.698010 | 700010
¥ 10,0 0772 | 106940 | 89305 | 89305 10.0 0442 | 0612270 | 9387727 | 9381727
g 12.0 L1d0 | 151906 | 1oazl 10421 120 0892 | 1235030 | 1076437 | 1076437
14.0 1720 | 238260 | 11617 11617 14.0 1420 | 1.967030 | 12.03200 | 1203290
16.0 2830 | 392020 | 120mtm | 120t 16.0 2457 | 3403520 | 1259648 | 1259038
18.0 3900 | sA42410 | 12.5978 | 125975 150 3513 | 4866320 | 13.1336 | 13.1336
100 0105 | 0.14545 | 3msas | 3ssss 4.00 0040 | 005541 | 394450 | )9dase
6.00 0240 | 03324 | 356675 | 56675 6.00 0064 | 008865 | 5901134 | 501134
B.00 0402 | 05568 | 7.4431 74431 8.0 0.118 | 016345 | 7.83654 | 7.83654
¢ 10.0 0660 | 09142 | 00857 | 9.0857 10,0 0262 | 036293 | 963706 | 9.63706
S 12,0 1030 | 14267 10573 | 105713 120 0622 | 086162 | 10.1384 | 11.1380
140 1612 | 22330 11.767 1.767 140 1220 | 168998 | 123100 | 123100
16.0 2711 | 37ssa 12244 | 12242 16.0 2257 | 302647 | 128735 | 128735
18.0 3801 | s2652 12.734 12.734 18.0 3413 | amams | B2 | o
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Figure 4.78 Adsorption isotherms of acid blue 1 on animal bones based charcoal samples



Table 4.77 Adsorption isotherm of acid blue 1 on

Regenerated (RG)

Sample

600 "C

800°C

900*C

1000 °C

enerated carbon samples

212

at 10°C - ut 45°C
O D, wiol.dni” D D, D
E“:":E;d’a?’ m ﬂ';ﬁ‘i‘d”"‘“ [mgl;ﬁ.": {nm!l?'*lx o o | Abx *I‘;"E:-"’“"" Wi e !mnl;u";

1Y 1 i) 105
10.00 1.526 211350 788613 788613 10,00 0.636 08810 0.11%89 91189
1200 1.770 | 2.4s180 9.54810 9.54810 12.00 0.880 12190 10.781 10.7%1
14.00 2200 | 304750 10.9520 10,9520 14.00 1.310 1146 12,185 12183
16.00 1570 | 256000 12.4390 12,4390 1600 1.660 2,2094 13,700 13,700
18,00 3oa0 | 421110 13,7880 13.7880 18,00 2.150 2.9782 15,022 15.022
20,00 A1.000 5.54100 14,4500 14.4590 20.00 1080 42665 15.733 15723
2200 5402 748300 14.5160 14,5160 12.00 4.500 6.2335 15,706 15.766
24.00 6760 | 936410 14.6350 14,6350 1400 5850 H10M0 15,89 15.8%

Tt

10.00 0492 | 068153 | 931846 9.31846 10,00 0.280 0.3878 9.6121 2,612
12.00 0.531 073555 11,2644 112044 1200 0,320 0.4432 11,550 11,550
14,00 000 084037 13,1536 13,1536 1400 0400 .55 13.440 134400
16.00 0,681 094334 150566 15.0566 16.00 0470 0.6150 15,348 15.348
18.00 0,799 1.10680 16,8931 16,8931 18.00 0.592 0.8200 17.179 17.179
20.00 0.969 134229 18.6577 18.6577 20.00 0.758 1.0500 18.949 18,949
2200 121 1.67751 20,3224 203224 22.00 1.000 1.3852 20,615 20615
24.00 1.957 2.71090 21.2890 212890 .00 1.746 24186 21.580 21.580
10.00 0.260 | 036016 9.63980 9.63980 10.00 0100 | 003852 986150 0.86150
12.00 0300 | 041557 11.5840 11,5840 12.00 0,030 | oA8010 11.8200 11,8200
1400 0401 0155547 13,4440 13.4440 14.00 1,202 0.27980 13.7200 13,7200
16.00 0460 | 063720 15.3630 153630 16,00 0.261 036150 15,6380 15.6380
18.00 0578 | 080066 17.1993 17.1993 18.00 0382 | 052912 17.4710 174710
20.00 0.697 0.96551 19.0045 19.0345 20.00 0548 | 075910 19.2410 19.2410
22,00 1.008 1.39631 20.6036 20,6036 22.00 0.800 110818 10,8918 208918
24.00 1.622 1.24684 21,5318 21,5315 24,00 1456 | 201680 21.9830 21,9830
100 0182 0.21055 9. 78944 0,78944 10,00 0.060 | 008311 0.091680 9.91680
12.00 0,198 027427 | 11,7257 | 1172570 12.00 nog0 | 00108 115800 11,8890
14.00 031 043080 | 1356900 | 13.56000 14.00 0122 {0, 1) 138310 LYKN I
16.00 0350 | 048483 | 1551%00 | 1551500 16.00 0.159 | 022000 157790 15.77%0
15.00 0468 | 064528 | 17.35200 | 1735200 18,00 0.290 | 040170 17.5980 17.59%0
20.00 0.567 | 0.78542 | 19.21457 | 19.21457 20,00 0452 | 062610 19,3740 19,3740
12.00 0,940 1.30219 | 2069780 | 20.697%0 12,00 0,992 1.37410 21,6250 21,6250
24.00 1.502 | "2.08062 | 2191930 | 21.91930 24.00 1.260 1.74540 22.2540 222540
10.00 0070 | 00969 | 9950300 9.90303 10.00 0030 | 004155 9.95840 | 995840
1200 0.110 | 0.15237 11.8476 11.8476 12.00 0072 | 009973 11.9002 11.9002
14.00 0.165 | 0228% 13.7714 13,7714 14.00 0088 | 01219 138780 13.8780
16.00 0.245 | 0.33938 15,6606 15.6606 16,00 0.139 | 019254 158070 I5.8070
15.00 0365 | 050561 17,4043 17.4943 18,00 0089 | 02618 17,7380 17,7360
20.00 0.520 | 0.72002 19,2796 19.2796 20,00 0.342 | 047370 19,5260 19,5260
22.00 0,910 1.28826 20,7117 207117 22.00 0882 1.22170 20,7780 20,7780
24.00 1.520 | 210855 218944 21.8944 24.00 1.252 1.7343 22265 | 22205
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Figure 4.79 Adsorption isotherms of acid blue 1 on regenerated carbon samples



Table 4.78 Adsorption isotherm of brilliant blue R on carbon samples

Paulownia tomentosa (PT)

Populus caspica (PC)

214

at 10°C at 45°C
s (nrr:?:.!m"' Dy DD, D (rmol.dw Dn DD D,
E . :;:r":| Abu * ‘I';_',‘:"’mﬂ" lmuﬂjm*’. .[m;q_é" | =10% Ab [I';T:'d“‘d' (mol.dm? [mnl:g,"-
104 10%) =10} 10%)
1.00 0.070 0.636 0.364 0.364 1.00 0.060 0.545 0.455 0.455
1.50 0.105 0.954 0.546 0.546 1.50 0.095 0.263 0.637 0.637
2,00 0.140 1.272 0,728 0.728 2.00 0.122 1110 0,890 0.890
z 2.50 0.175 1,590 0910 0.910 2.50 0.157 1.430 1.070 1.070
= 300 0211 1.910 1.090 1.090 3.00 0.191 1.730 1.270 1270
350 0.260 2,300 1.140 1.140 3.50 0239 | 2170 1.330 1330
4.00 0.310 2810 1.190 1.190 4.00 0.286 2.600 1,400 1.400
4,50 0.358 3.250 1250 1.250 4.50 0.332 3010 1.490 1,490
1.00 0.051 0.463 0.537 0.537 1.00 0.040 0.364 0,636 0.636
1.50 0.083 0754 0.746 0.746 1.50 0.068 0618 0.882 0882
2.00 0.115 1,048 0.955 0.955 2.00 0.097 0.850 1.120 1.120
= 2.50 0.146 1327 LI73 1173 2.50 0.124 1127 1370 1,370
s 300 0.185 | 68 1,320 1320 200 0.162 1.472 1,530 1,530
3.50 0.230 2,000 1.410 1410 3.50 0.195 1773 1,727 1.7127
4.00 0284 2.582 1418 1418 4.00 0.249 2260 1.740 1.740
450 0338 1073 1427 1427 4.50 0.295 2.680 1.820 1520
il 1.00 0.030 0272 0.727 0727 100 0.022 0.200 0,800 0.400
1.50 0088 | 0527 0,973 0.973 1.50 0.048 0.436 1.063 1.063
2,00 0.087 0.791 1.210 1.210 2.00 0.077 0.700 1,300 1.300
& 1.50 0114 1.030 1.464 1.464 1.50 0.104 0.945 1.554 1.554
2 3.00 0isz 1382 1.620 1.620 3.00 0.142 1291 1.710 1.710
3.50 0.200 1.820 1.682 1.682 3.50 0.192 1.745 1.754 1.754
4,00 0.239 2173 1.830 1.830 4.00 0.232 2110 1,491 1891
450 0.285 2.591 1.910 1910 4.50 0,280 2,545 1.954 1.954
1.00 0.08S 0.773 0227 0227 1.00 0.070 0.636 0.364 0364
1.50 0.120 1.091 0,409 0.409 1.50 0.100 | - 0000 0.510 nsin
200 0.160 1.450 0.550 0.550 2.00 0.132 1.200 0,800 0.800
z 2.50 0.199 1,609 0.691 0.691 2.50 0.165 1.500 1,000 1000
e 3.00 0.248 2.254 0745 0.745 3.00 0.210 1.910 1.090 1.090
350 0.300 2.730 0.770 0.770 3.50 0.265 2410 1.09 1.090
4,00 0354 |. 3218 0.782 0.782 4.00 0320 2910 1.090 1.090
4.50 0410 LN 0.773 0.773 4.50 0.380 3.450 1.080 1080
100 0.065 0.591 0,409 0.409 100 0,059 0.536 0,464 0.464
1.50 0.095 0.863 0,636 0.636 1.50 0.080 0.727 0773 0773
2.00 0.128 1163 0.836 0.836 2.00 [XIT 1.009 0.990 0.990
b p £ 0.165 1.500 1,000 1.000 .50 0141 1.280 1.220 1.220
S 3.00 0.210 1.909 1.091 1.091 3.00 0.182 1.650 1.350 1.350
350 0.265 2410 1,091 1.091 1.50 0.220 2.000 1.500 1.500
4.00 0.315 2.863 1.136 1.136 4.00 0.270 2.450 1.550 1.550
4.50 0.362 3.291 1210 1210 4.50 0325 2.950 1.550 1.550
2.00 0048 | 04363 0.5636 0.5636 2.00 0049 | 04454 1.554 1.554
1.50 0071 | 06454 0.8545 0.8545 2.50 0065 | 0590 1.909 1.909
200 0100 | 0,909 10910 1.0910 3.00 0084 | 07636 2236 2236
o 350 0.132 1.2000 1.3000 1.3000 3.50 0.112 1.0182 2482 2482
S 4.00 0.171 | 1.5540 14450 14450 4.00 0150 | 13636 2636 2636
450 0210 | 1.90% 1.5910 1.5910 4.50 0.189 | -1.7182 2782 2.782
5.00 0202 | 23810 1.6180 16180 5.00 0242 | 22000 2,800 2,800
5,50 0314 | 28540 1.6450 1.6450 5,50 0.294 | 26727 2427 2827
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Figure 4.80 Adsorption isotherms of brilliant blue R on Pawlownia tomentosa (PT) and Populus
- caspica (PC) carbon samples



Table 4.79 Adsorption isotherm of brilliant blue R on carbon samples

Corncaobs (CC)

ma (A'A)

1551

Ailanthus alt

Sample

Raw

400°"C

8§00 *C

Raw

400 *C

800 °C

216

al 10°C al 45°C
[mn?.:l-'m"‘ 0. {mﬂnﬁm'j Do DD, D,
cro?y | Abw | moldm| S | Do | TV | Abe | moldms| ( BeDe, (molg"
6% 1y mlcl‘nlﬁ 1% wio™y ; mj;
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Table 4.82 Adsorption isotherm of brilliant blue R on carbon samples
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Table 4.83 Adsorption isotherm of acid yellow 29 on earbon samples
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S| 8 [ 2 0502 | 5.691 2631 2631 3.20 0482 | 547 266 266
_E 350 0660 | 7483 2152 2752 3.50 0.610 691 281 281
i 380 0810 9,150 2,880 2,880 380 0.730 827 297 207
é: 410 0.980 Y 2.980 2,950 410 0.860 9,75 312 312
. 2,60 0219 | 2483 2,352 2.352 2,60 0.150 1700 | - 2.430 2430
2,90 0270 | 3060 2.590 2.590 2.90 0180 | 2040 2.600 2,690
320 0319 | 3610 2.840 2840 3.20 0230 | 2600 2040 2940
v 3.50 0424 4.780 1.020 3.020 3.50 0355 4.020 3100 1100
g | 3m 0569 | 6.480 3320 3320 3.80 0479 | 5430 3260 1.260
410 0.624 7.075 3392 3,392 410 0599 | 6790 1420 3420
430 0.780 8,843 3415 3415 430 0.750 | §.500 1.580 1.580
| e 0.949 1075 | 3524 3524 4.60 0.890 10.09 1590 3.590
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Figure 4.85 Adsorption isotherms of acid yellow 29on Pauwlownia tomentosa (PT) and Papulus
caspica (PC) carbon samples
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Table 4.84 Adsorption isotherm of acid vellow 29 on carbon samples

il G s 45°C
i {mnlﬂ'].;'m" D, D.-D. D {rm?;m“’ D, DD, D,
;,.E, = hry Abu I"'.:'I"Imd Ml tmoldm « {:mnT.t" » » 109 Abu (mal.dmx {mol.dm™ « [mul."' "
1Y o) ml-, ot e mE}
1.0 0.129 1462 0453 0.851 [R1i] 0.040 0450 .950 ERFRTI]
1.30 0,163 1.848 1113 1118 1.30 0,090 1.020 1,198 1.198
1.60 AL 2.256 1374 1.374 1.60 0130 1470 1450 I.450
E 1.90 0,261 2082 b0 1,601 190 0179 2.020 1.6%0 1.650
= 2.20 0,368 4,172 1.7E2 1.782 2.20 0.250 2.830 1.910 1.910
2.50 0408 5.640 1.970 1870 250 0.370 d, 190 2080 2.080
1.80 640 1.256 2,074 2074 1.80 0489 5.550 2,240 2.240
. 310 }?'.1'5 2013 2. 108 2.198 310 0.654 TALS 2.360 2360
.00 0.300 3400 1.660 1660 200 D.140 1.580 1.840 1,840
G’* 2.0 0,339 LEd0 1.920 1.920 .M 0.193 2.180 2.080 2,080
5 2.60 0.183 4.340 2.160 2.160 2,60 0.243 2.750 2320 2.320
E = 2.90 460 5210 2.380 2.380 .90 0.300 3400 2.560 2.560
el 3.20 0.600 6.800 2.520 2.520 3.20 0.413 4680 2730 2.730
E 350 (.760 B.410 2.640 2.640 .50 0.570 6,460 2.850 2.B50
1 3.30 0910 10.30 2.770 2770 3.80 0.733 2310 2970 2970
4.10 1.200 13.60 2.740 2,740 4.10 0.890 10.09 3100 2100
260 0.250 2830 2.320 2320 260 0.190 2150 2380 2380
190 0.280 3iT0 2.580 2.580 290 0234 2.650 2630 2.630
3.20 0335 190 2820 2.820 3.0 0.282 - 1190 2E8D 2.ERD
-~ iso 0.390 4420 3.000 1,060 350 0.350 3.960 3.100 1.100
] 380 0.520 5.890 3210 3210 350 0479 | sa30 3.250 3250
4.10 0.699 T7.920 3.0 3310 4.10 0.620 7.020 3390 3.390
430 0.820 9.290 1370 Jam0 430 0.750 E.500 3450 1450
4.60 1.100 12,47 1350 1350 4.60 0.950 10.71 33520 31520
1.00 0.150 1.700 0.830 0830 100 0080 | 0900 0.910 0.910
1.30 0.1RD 2020 1.080 1.080 130 0120 1300 1. 160 | 1!."_
1.60 0245 1770 1.320 1320 1,60 0.F50 L0 | rd 1400
E 1.90 0300 3400 1.560 1.5060 1.90 0.200 2.260 1.670 1.67T0
= 220 0,390 4420 1,760 I.760 220 0,280 EN ] 1880 | &80
150 0.499 5650 1,930 1.930 2.50 0.390 4420 2.060 2.060
280 nrin R.040 1.0400 |.990 280 0610 6910 2,110 2110
— J.1d 0,930 10.54 2.050 2.050 310 0.750 H.500 2.250 3.250
E g .00 0,250 2830 1,720 1.720 .00 0.160 1.810 1RO 1.820
E 20 13,259 1270 1.970 1.970 230 0.190 2,150 2.080 2.080
= 2.60 0,350 3,960 2,200 2.200 2, 0.240 2,720 2.330 2130
Ez o 290 0.480 5.440 2,350 2,150 2,90 0.310 3,510 2.550 2,550
= 3.20 0610 | 6910 2,510 2,510 3.20 0420 | 4,760 2.720 2.720
2 3.50 0800 | 9070 2,600 2,600 3.50 0540 | 6120 2890 2.890
5 380 | o990 | 11a2 2,680 2,680 380 | 0690 | . 7820 3010 3010 |
:.E 410 1.200 13,60 2,740 2,740 410 0820 | 9290 3.170 3170
= 2,60 0.260 3010 2.300 2,300 2.60 0200 | 2.260 2.3700 23700
290 0,250 1280 2.570 2.570 .90 0.240 2.720 2.6100 26300
110 0L.A50 1060 2800 2.800 3.20 0.275 J 2.8900 2. 8900
v s 0400 | 4530 3.040 3.040 3.50 0368 | 4170 30800 | 3.0800
2 3m 0570 | 6460 3150 3.150 350 0499 | 5650 32300 | 232300
4,10 0.730 8.170 3270 3.270 400 0.596 6.750 34200 34200
430 0.890 10.10 1.29 3.290 430 0730 | s270 34700 34700
4.60 1.000 11.24 3460 l.a60 460 0.999 11.32 JATeR 34768
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Figure 4.86 Adsorption isotherms of acid yellow 29 on Corncobs (CC) and Ailanthus altissima
(AA) carbon samples



Table 4.85 Adsorption isotherm of acid vellow 29 on carbon samples
Adsorption ivatherm ot 10°C

Salvadora oleoides (S0)

228

Advorption sotherm at 45°C

= D, '
s De " D, b D,
J-:E‘ {":n:;‘f:;l = E't?':']:f'dm." tmﬂﬁ"‘x :mn?"'s {"ﬂ“"} e tl?'?;'qux t"‘?;iﬁ."- {m:l:.."‘.
10 107%) 1"y 107%)
8.00 0669 | 758503 | 0.414965 | 0414965 | &00 0610 | 6916009 | 1.083900 | 1.083900
10.0 0800 | 952381 | 0476190 | 0476190 10.0 0.760 | 8.616730 | 1383219 | 1383210
12.0 0990 | 1136054 | 0.6394%6 | 0.639456 120 0920 | 1043084 | 1569161 | 1560161
z 14.0 1152 | 1306122 | 0938775 | 0.038775 14.0 1.080 | 12.24489 | 1755103 | 1.755100
e 16.0 1302 | 1476190 | 1238005 | 1.238005 16.0 1250 | 14.17233 | 1.827665 | 1.827068
1.0 1472 | 1668934 | 1310657 | 1310657 18,0 1420 | 1609977 | 1900226 | 1900226
220 1816 | 2058956 | 1.410430 | 1410430 | 220 1765 | 2001134 | 1988663 | 108866
26.0 2.168 | 24.58049 | 1419501 | 1.419501 26.0 2017 | 2400226 | 1997733 | 1.997703
800 0620 | 7020470 | 0970521 | 0970821 8,00 0550 | 6235827 | 1764172 | 1764172
10.0 0770 | 8730158 | 1269841 | 1269841 10.0 0679 | 7.498412 | 2.301587 | 201587
12.0 0900 | 1020408 | 1.795018 | 1795918 12.0 0815 | 9240363 | 2759637 | 275907
v 140 1050 | 1190476 | 2005038 | 209508 14.0 0975 | 11.08442 | 2945578 | 2943578
-S. 6.0 1200 | 13.60544 | 23043538 | 2394558 16.0 1130 | 1231179 | 3.1BE20E | 3188208
150 1374 | 1557823 | 2421768 | 2421768 15.0 1300 | 1423023 | 3260771 | 3200771
22.0 1720 | 1950113 | 2408866 | 2498866 | 220 1,650 | 1870748 | 3292517 | 3.292517
26.0 2060 | 2335601 | 2.643001 | 2.643991 26.0 2.000 | 22.67574 | 3.324630 | 3324630
8.00 0452 | 5124716 | 2475280 | 2875280 | .00 0360 | 4183673 | 3816326 | 3816320
10,0 0580 | 6.57506) | 3424006 | 3424006 10.0 0490 | 5555555 | 4444444 | 4444444
12.0 0.695 | 7913832 | 4.086168 | 4086168 12.0 0.600 | 6802721 | 5197279 | s.197270
w 14.0 0800 | 9070295 | 4.920705 | 4929705 14.0 0705 | 7.993197 | 6006802 | 6.006802
2 16.0 0040 | 1065759 | $342403 | 5342403 160 0850 | 9637188 | 6362811 | 6362811
1850 1100 | 1247165 | 5528344 | ss28344 180 1000 | 1133786 | 6662132 | 6.662132
220 1440 | 1632653 | 5673469 | 5.673469 | 220 1350 | 1530612 | 6693877 | 6693877
6.0 1790 | 2029478 | 5708215 | 5705215 | 260 1700 | 1027437 | 6725623 | 6.72562)
C KO0 0395 | 4523809 3476190 | 3476190 |  s.00 0298 | 3378684 | 4.621315 | 4.621315
10,0 0491 | SS66893 | 4430106 | 4433106 1.0 0000 | 4420768 | ssIm201 | SsTmenl
12.0 0001 | GRIAUSE | SAN801 | S.1Rs01 120 | 0500 | Sousuna | eanimes | eodions
& 140 0.751 | BSI4739 | S48530 | $.48520 140 0050 | 7369014 | Go30OKS | 6md0Ins
g 16.0 0901 | 1021532 | 5784580 | 5784580 160 0800 | 9070294 | 6929705 | 6929708
18.0 1051 | 1191609 | 6.083900 | 6.083900 18.0 0950 | 1077097 | 7.229025 | 7.229025
120 1381 | 1565759 | 6342400 | 6342900 | 220 1250 | 1417233 | 7827664 | 7.827064
26.0 1710 | 1938775 | 6.612244 | 6612244 | 260 1599 | 18.12925 | 7.870748 | 7.870748
8.00 0088 | 0997731 | 7002267 | 7002267 | 800 0033 | 0374149 | 7.625851 | 7.625881
10.0 0.110 | 1247165 | 8752804 | 8.752834 10.0 0.072 | 0816326 | 9.183673 | 9.183673
12.0 019 | 2222232 | 97777178 | 9977778 12.0 0.158 | 1791383 | 10.20862 | 10.20862
¥ 14.0 0328 | 3718820 | 10.28118 | 10.28118 14.0 0285 | 3231293 | 10.76871 | 10.76871
g 16.0 0436 | 4943310 | 11.05668 | 11.05668 16.0 0398 | 4.512472 | 11.48753 | 1148783
18.0 0576 | 6530612 | 1146998 | 11.46938 15.0 0528 | 5986395 | 12.01361 | 12.01361
220 0858 | 9727891 | 12.27211 | 12.27211 220 0804 | 9.115646 | 12.88435 | 12.38435
2.0 1178 | 1335601 | 1264399 | 12.64309 | 260 1130 | j280179 | 13881 | 1308821
#.00 0153 | 1734690 | 6.265306 | 6265306 | 800 0023 | 0260171 | 7739229 | 7.739229
100 0222 | 2517006 | 7482993 | 7.482993 10.0 0072 | 0816326 | 9.183673 | 9.183673
12.0 0302 | 3424036 | B.575963 | 8575963 12.0 0.182 | 2063492 | 9936507 | 9.936507
¢ 14.0 0410 | 4.648526 | 0351474 | 9351474 14.0 0300 | 3401361 | 10.59864 | 1059804
g 16.0 0556 | 630384 | D.696145 | 9.696145 16.0 0406 | 4.603174 | 1139683 | 11,3008
15.0 0.69% | 7891156 | 10.10884 | 10.10884 18,0 0526 | 5963718 | 12.03628 | 12.00628
22,0 1.028 | 1165533 | 1034467 | 1034467 |  22.0 0875 | 9.920035 | 12.07936 | 1201936
6.0 1384 | 1569161 | 10.30839 | 1030839 | 260 1170 | 1326530 | 12.73469 | 1273469
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Figure 4.87 Adsorption isotherms of acid yellow 29on Salvadora olevides (SO) carbon samples
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Table 4.86 Adsorption isotherm of acid yellow 29 on carbon samples

af 10°C af 45°C |
2 {rvln?:tm" D, Do-D, D {mn?.:im“ D, DoD D, |
E aigty | Abw (moldm | (moldm | (molg?« | x10% | Abw (mol ™= (mol.dm x| (molg"
oY 10 104 1

320 0355 | 4024943 | 2797505 | 2797505 320 0.166 | 1882086 | 30.11791 | 30.11791
36.0 0412 | 4671202 | 3132879 | 310287 | 360 022 | 2528345 | 334768 | 3247165
40.0 0467 | 5294788 | 3470822 | 340522 | 400 0278 | 3151927 | 3084807 | 3684807
3 T 0532 | 6031746 | 3796825 | 3796825 | 440 0313 | 1548753 | 4045125 | 40.4s125
S| o 0702 | 7959183 | 40.04082 | 40.04082 | 48.0 0500 | 5.668934 | 42.33106 | 42,33106
52.0 0.784 | B.388889 | 43.11112 | 4301112 52.0 0593 | 6723356 | 4527665 | 45.27665
56.0 0.943 | 10.69161 | 4530839 | 45.30830 56.0 0732 | 8299319 | 47,70068 | 47.70008
0.0 1159 | 13.14089 | 46.8504) | 46.85941 60.0 0948 | 10.74829 | 4925170 | 4925170
.lﬁ 320 0174 | 1972789 | 3002711 | 30.02721 320 0091 | 1031746 | 3096825 | 3096828
36.0 0202 | 2200249 | 33.70975 | 3370075 | 360 0.120 | 1360544 | 3463045 | 3a6ius
40,0 0262 | 29v0522 | 37.00947 | 3702047 | 4000 0190 | 2154195 | 37.84580 | 37.84580
21 0331 | 3752834 | 4024716 | 4024716 | 440 250 | 2834467 | 41.16553 | 41.16853
& [ w0 | 0302 | 501609 | 423089 | 4230m9 | 480 | 0420 | a76190% | 4323300 | 9323800
52.0 0602 | 6825397 | 45.17460 | 45.17460 52.0 0520 | 5895692 | 46.10431 | 46.10431
56.0 0748 | 8480720 | 47.519%27 | 47.51927 | 560 0595 | 6746032 | 49.25396 | 49.2539
60,0 0.886 | 10.04535 | 49.03465 | 49.95465 60.0 0680 | 7709750 | 52.29025 | $2.20028
&) 32 0.240 | 2721088 | 2027801 | 29.27891 320 0.130 | 1473923 | 30.52607 | 30.52607
ﬁ 36,0 0200 | 3287982 | 3271202 | 3271202 360 0.180 | 2040816 | 3395918 | 33.95018
g 40.0 0360 | 4081632 | 3591806 | 3501836 | 40,0 0250 | 2834467 | 37.16583 | 37.16553
= 44.0 0404 | 4580498 | 3041950 | 3041950 | 440 0300 | 3401360 | s0.59864 | 4059864
HEATT 0516 | 5850340 | a2.149%3 | 42.14%5 | 480 0410 | 4648526 | 4335147 | 4338147
- 52.0 0598 | 6780045 | 4521995 | 452195 | sz0 0495 | 5612245 | 46.38775 | 4638775
E 56,0 0836 | 9478458 | 4652154 | 4652154 56.0 0630 | 7.142857 | 4885714 | 4885714
z 0.0 0924 | 1047619 | 49.52381 | 49.52381 60.0 0720 | B.163265 | 51.83673 | 51.8367)
320 0.142 | 1609977 | 3030002 | 3030002 | 320 0.060 | 0680272 | 3131973 | 313197
36.0 0,192 L1T6RT1 | 2382113 | 3aR233 a0 0OKN | nenTean | aS00MT | AEaea
0.0 0244 | 2766439 | 37.23386 | 37.23356 | 400 0.130 | 1470923 | 8207 | 3852007
2 4.0 0316 | 3582766 | 4041723 | 4041723 44.0 0.200 | 2267573 | 41,7324 | 4173243
g 0414 | 4693877 | 4230612 | 4330012 8.0 0302 | 3424036 | 4457506 | 4457500
s3.0 0489 | 5544217 | 4645578 | 4645578 52.0 0395 | 4478458 | 4752184 | 4752154
56.0 0584 | 6621315 | 4937868 | 4937868 | Se0 0470 | 5328798 | 50.67120 | S0.67120
60.0 0.740 | 8390023 | 51.60997 | 51.60997 60.0 0580 | 6575963 | 5342404 | 5342404
320 0028 | 0317460 | 31.68254 | 3168254 | 320 0007 | 0079365 | 3192003 | 3192063

36,0 0042 | 0470190 | 3552381 | 35.52381 36,0 0020 | 0220757 [ 3597324 | 3537024 |
N T 007% | 0884354 | 30015 | 20156 40.0 0055 | 0.623583 | 39.37042 | 3937642
7‘: 440 0117 | 1326531 | 426738 | 42.6735 44.0 0098 | Liti112 | 42.88889 | 42.88849
2 | 480 0.189 | 2142857 | 458514 | 458514 48.0 0.147 | 1666667 | 4633334 | 463330
; 510 0254 | 2879818 | 400200 | 49.1202 520 0210 | 2.380953 | 49.61905 | 49.619%05
56,0 0354 | 4013605 | 519864 | s51.9864 56.0 0301 | 3412698 | s2ssm0 | s2.58730
| | oo 0568 | 6439909 | 535601 | 53.5600 60.0 0446 | 5056689 | 5494331 | $4.9433)
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Figure 4.88 Adsorption isotherms of acid yellow 29on animal bones based charcoal samples



af 18°C

232

ol 45°C J
(moldni? D D.-D D {:rm?:::'m" o, Da-D, n
« 107 Al {tgﬁgl.dm" " |;‘||1ul..r.im':' i tmmé-l W » 10" Aby E:;TII"'I'"‘ "| (mol.dm™ « lmul.;" .
10%) 107) 10 107
0804 | 9015636 | 2288435 | 22.88435 320 0610 | 691609 | 25050 | 25050
0915 | 1037415 | 25.62585 | 25.62585 36.0 0722 | 8.185%41 | 27.81405 | 27.81408
Loto | 1148125 | 2854875 | 2854875 40.0 0820 | 9.297052 | 30.70294 | 30.702%4
1206 | 13.67647 | 30,3265 | 3032653 44.0 0915 | 103714 | 3362585 | 3000588
1422 | 1612245 | 3187785 | 31.87755 48,0 130 | 12.81179 | 3s.8821 | 3518821
LG8 | 1909207 | 3200703 | 3290703 $2.0 1460 | 1655328 | 3544671 | 3s5.44071
1976 | 2240363 | 3350637 | 33.59637 6.0 1760 | 19.95465 | 36.04535 | 3604535
2268 | 2594104 | 34.05895 | 34.05895 60.0 2076 | 2353742 | 36.46258 | 3646258
0.334 | 3786848 | 3221015 | 3221315 36.0 0264 | 2993197 | 33.00681 | 33.00081
0405 | 4591836 | 31540816 | 3540816 40.0 0326 | 3696145 | 3630385 | 3630785
04060 | 5215420 | 3878458 | 38.78458 44,0 0.360 | 4081032 | 3991836 | 39.01836
0.600 | 6.802721 | 41.19728 | 41.19728 48.0 0.500 | 5668034 | 4233106 | 4233106
0.707 | 8015873 | 4398413 | 4398413 | s20 | 0.628 | 7020181 | 4487081 | 2asion
0.9%0 | 1077097 | 4522002 | 4522902 56.0 0880 | 9977324 | 4602267 | 46.02267
1300 | 1473923 | 4526077 | 4526077 60.0 1200 | 13.60%44 | 4639455 | 4639455
1770 | 2006803 | 47.93197 | 47.93197 68.0 1610 | 1825396 | 49.74603 | 49.7460)
=1 3 0212 | 2403628 | 33.59637 | 33.59637 36.0 0.100 | 1133786 | 34.86621 | 3486621
% 40.0 0263 | 2981859 | 37.01814 | 37.01814 40.0 0.150 | 1700681 | 38.29932 | 320037
= 4.0 0.32) | 3662132 | 4033786 | 4033786 440 0210 | 2380952 | 41561904 | 4161904
ele 450 0372 | 4217687 | 4378231 | 437823 450 0.260 | 2947845 | 4505215 | 4508218
g 2 520 0442 | 5011337 | 4698806 | 46.98%66 510 0330 | 3741496 | 4825851 | 48.25831
£ 56.0 0599 | 6791383 | 4920862 | 4920862 56.0 0450 | 5102141 | 50.89796 | S0.89796
o 60.0 0.786 | 8911564 | $1.0884) | 51.08843 60.0 0.730 | 8276644 | 5172335 | 5172238
=2 68.0 1527 | 1231293 | 50.68707 | 50.68707 68.0 1400 | 1587300 | 5212698 | s2.12008
36.0 0,200 | 2267573 | 33.73243 | 33.73243 36.0 0.010 | 1247168 | 3475283 | 2475283
0.0 0220 | 2494331 | 37.50867 | 37.50867 40.0 0040 | 1LSN7M0 | INA1209 | AKA41 20
440 0278 | 3151927 | 4084807 | 4084807 4.0 0200 | 220787 | 41.73246 | 4173340
480 0300 | 374149 | 44.25850 | 4425850 480 0.250 | 2534467 | 45.16553 | 45.1088)
520 0.398 | 4512472 | 47.4875) | 4745753 2.0 0300 | 3401361 | 4¥.59863 | 4%.50%6)
56.0 0496 | 5623582 | 037642 | 5037642 56.0 0400 | 4.535147 | $1.46485 | 5140485
0.0 0704 | 7981859 | S2.01814 | S2.01814 60,0 0.600 | 6802720 | 5319727 | s3.10727
68.0 1110 | 1258503 | 5541496 | 55.41496 68.0 0520 | 9.297082 | 58.70295 | $8.7020%
36.0 0.155 | 1757369 | 3424260 | 3424260 36.0 0.025 | 0283446 | 3571655 | 3571685
100 0.180 | 2.040816 | 37.05918 | 37.95018 40.0 0050 | 0566893 | 39.43310 | 3943310
440 0.230 | 2607709 | 41.39220 | 4139229 44.0 0.100 | 1133787 | 4286621 | 4286621
430 0.300 | 3401361 | 4459863 | 44.59863 48.0 0200 | 2267574 | 4573246 | 4573246
520 0360 | 4081632 | 47.01836 | 47.91836 52.0 0.280 | 3174603 | 48.82539 | 48.82510
56.0 0496 | 5623583 | 5037042 | 5037642 56,0 0386 | 4376417 | 51.62358 | 5162188
60.0 0.780 | 8.843537 | 51.15646 | 51.15646 60.0 0570 | 6462585 | sis3azaz | s3.s0742
68.0 1200 | 13.60544 | $4.30455 | 5439455 68.0 0.830 | 9410431 | SE.SR9SG | SH.SH9S6
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Figure 4.89 Adsorption isotherms of acid yellow 29 on regenerated carbon samples
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at 10°C at 45°C ]
B P, D. De (molsim® D. Du-D. D,
5 «10%) Al | gl imﬂﬁﬂ"n tmmn'h =107 Abw | tmobadn® x| (oie®s] (ol x
v ioh oy 3 u".ﬁ 1wt iy “ﬁ]
1.00 003 | 02714 | 09728 | 09728 | 100 | 0008 | 0037 0.994 0994
1.30 0050 | 03570 1.5640 1.5640 1.30 0020 | 0432 1.286 1.286
160 0080 | 05714 1.5428 1.5428 1.60 0050 | 0387 1.564 1,564
: 1.90 0120 | 08571 1.8142 1.8142 1.90 009 | 0642 1835 1.835
2| 220 | om0 | o6 | 200 | 206 220 | 0150 | 1070 2,100 2.100
2.50 0290 | 20714 2290 | 22930 2.50 0.260 1.850 2320 2320
240 0410 | 29285 2.5071 2.5071 2.0 0399 | 2450 2520 2.520
o 310 0s20 | 374 2.7285 2.7285 3.10 0490 | 3.500 2.750 2.750
& 2,00 o100 | o714 1.920 1.920 2,00 0050 | 03572 1.9643 1.9643
E 230 0140 1.000 2.200 2.200 230 0085 | 06072 22193 223
= 260 0.18%0 1.280 2470 2470 2.60 0100 | 07143 2.5928 2.5928
= | @ 290 0250 1.780 2720 2.720 2.90 0.130 | 09280 28100 28100
S 3.20 0380 | 2710 2.030 2.930 320 0200 | 1.4200 10600 31,0600
= 3.50 0480 | 3270 1170 3.170 3.50 0350 | 25000 | 3.2500 32500
g 3.50 0.599 4270 3370 3370 350 0470 | 33500 3.4600 34600
= 4.10 0710 | 5070 3.590 3.590 410 0599 | 42800 | 3.6700 36700
= 2.60 0.150 1.070 0.714 2.520 2,520
.90 0.210 1,500 2,750 2.750 290 0.143 1.020 2,790 2790
3.20 0,270 1.920 3,000 3.000 3,20 0.192 1.370 3.060 3,060
= 350 0,340 2.500 3.250 3250 3.50 0.243 1,740 3320 1320
2 380 0491 | 3520 1450 31450 3.80 0370 | 2640 1530 3530
518 0599 | 4270 3.670 3670 410 0510 | 3.640 3.730 3.730
430 0710 5.070 3,190 3.790 330 0650 | 4.640 3830 3830
460 0N | 6sT0 3.940 3.940 4.60 0830 | s920 4.010 4010
100 0,170 1.210 0.879 0.879 100 0.100 | 07143 0.9285 0.9285
1.30 0.200 1430 1.120 1.120 1.30 0.130 09285 12071 1.2071
1.60 0240 1.710 1.430 1.430 160 0175 | 1.2500 14750 14750
. 1% | 0320 | 2280 1.670 1.670 1.90 0230 | 10428 1.7387 1.7357
’ 21 2 0450 | 3210 1.880 1.880 220 0320 | 22857 19714 19714
2.50 0590 | 4210 2.080 2.080 2,40 0455 | ' 3.2500 2,1750 2.1750
250 0810 | 5785 2.221 2221 280 0579 | 41357 23800 2.3860
3.10 0930 | 6643 2435 2435 310 0680 | 48571 2614} | 286143
o 2. 0130 | 0930 1.910 1.910 2.00 0120 | 0850 1.920 1.920
S 2130 0.190 1.350 2,160 2.160 2.30 0.150 1.070 2,190 2,190
S 2,60 0320 | 2286 2271 2371 260 | 0230 | 140 2440 2.440
ol 2, 0,400 2.857 2,614 2.614 290 0.300 2,140 2.680 2,680,
3|8 3.20 0542 | 3870 2810 2,810 3.20 0458 | 3270 2870 2870
s 3.50 0710 | s070 2.990 2 3.50 0578 | 4120 3.080 3.080
E 3.80 0.890 6.350 3.160 3160 380 0 5100 3280 3280
< L0 0.999 7.130 3380 2380 410 0843 | 6020 3.490 3.490
260 0,220 1.570 2,440 2.440 2,60 0.210 1.500 2,450 2.450
290 0300 | 2140 2.680 2.680 290 0.241 1.720 27130 2730 |
3.20 0380 | 2710 2930 2930 320 0350 | 2.500 2.950 2,950
= 150 0.510 3440 3140 3.140 350 0.400 2850 3220 220
2| 380 | ooso | 480 3310 3310 380 | 0553 | 39%0 3.400 3.400
L0 .735 5.250 1.570 3570 4.10 0.670 4. 780 3620 EX ¥4
430 0,850 6.110 3,69 3.690 4.30 0791 | S.660 3,730 1,730
460 1100 7850 3,420 3320 460 0990 | 7,130 1500 3890
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Figure 4.90 Adsorption isotherms of acid yellow 34 on Paulownia fomentosa (PT) and Populus
caspica (PC) carbon samples



Table 4.89 Adsorption isotherm of acid yellow 34 on earbon samples

Corncobs (CC)

(AA)

issima

Ailanthus alt

Sample

Raw

ATC

800*C

Raw

400 °C

s00°C

236

at 10°C ar 45°C
[ma.'nftmd D. D (mDL;m" D, DD D
« 107 Aba | (mol.dm™ « ;mmgﬁi 2 [mﬂl;4 wf w0 Abs | (moldm™ « {moldm™ «|  fmol s
W 1y 10 st 2 10 e
0,940 0.940 100 00s0 | 0350 0,050 0,950
130 0010 | 078s 1.220 1.220 1.30 0,091 0.040 1.240 1.240
1.60 0.200 1.420 1460 1.460 160 0.150 1.070 1.500 1.500
1.90 0310 | 2210 1.680 1.680 1.90 0.210 1.500 1.750 1.750
2.20 0440 | 3.140 1.830 1.880 2.20 0290 | 2070 2,000 2.000
.50 0559 | 3.990 2,100 2,100 2.50 0385 2,750 2220 2.220
250 0770 | 5.500 2.250 2.250 2.0 0599 | 4278 2372 2372
3.10 0913 6.521 2447 2.447 3.10 0.742 5.300 2.570 2.570
2.00 0120 | 0850 1.930 1.930 2.00 0.100 | 0.7140 1.920 1.920
230 0.160 1.140 2.160 2.160 2.30 0.130 | 0930 2210 2210
260 0220 1.570 2.440 2.440 2.60 0.165 1170 2,480 2430
290 p.ash | 2.500 2.6%0 2650 2,00 0.200 1.420 2,750 2.750
3.20 0470 | 3.350 2,860 2.860 3.20 029 | 2070 3.000 3.000
3.50 0.600 | 4.280 3.070 3.070 3.50 0399 | 24850 3210 3210
3.80 0.723 5230 3270 1270 3.0 0519 | 3700 3430 3430
4.00 0897 | 6400 3.460 3.460 410 0698 | 4.980 3.600 1,600
260 | oas00 | 1ow 2430 2.430 2460 0110 | 0788 152 252
200 | o030 [ 13m0 2,760 2.760 2,90 0.150 1,070 279 279
3.20 0.2810 | 2000 1,000 3.000 3.20 0.193 1.370 106 1.06
3.50 04300 | 3070 3.190 1190 3.50 0270 1.920 331 331
380 0.5800 | 4.140 1380 3380 350 0.361 2570 354 154
410 | 06890 | a920 3610 3610 410 0483 | 3450 3.5 175
I— 430 | om0 | ses0 3730 3730 430 0.608 | 4.340 186 3.86
460 | 09930 | 7.000 1890 3,890 4,60 0790 | 5640 404 4.04
1.00 0.100 0.714 0.930 0.930 1.00 0.070 0.500 0.950 0.950
1.30 0.140 1.000 1.200 1200 130 o100 | o7 1200 120
1.60 0.19%0 1350 1.460 1.460 1.60 0.170 1210 | 140 | 14
1.90 0.260 1 850 1.710 1.710 1.90 0240 1710 1.730 1.730
2.20 0400 | 2850 1.920 1.920 2.20 0320 | 2280 1.970 1.970
2.50 0,550 1920 2.110 2110 2.50 0490 | 3.500 2150 2,150
280 0790 | 8643 2.215 2235 280 0.693 | 4950 2,305 2,305
310 0990 | 7071 2393 2393 310 0830 | 5928 2507 2.507
2.00 0120 | 0850 1.920 1.920 2.00 0.100 | 0710 1.930 1.930
230 0.170 1210 2,130 2.180 230 0.150 1.070 2200 2.200
2.60 0300 | 2.140 2,380 2380 2,60 0.200 1,420 2,460 2,460
290 0420 | 3.000 2,600 2,600 2.00 0.245 1,750 2.730 2.730
3.20 0590 | 4210 2,780 2780 3.20 0310 | 2210 2.980 2.980
3.50 0680 | 4850 3.010 3.010 350 0445 | 3470 1.180 3.180
3.80 0RI0 | 5780 3.220 3220 3.80 059 | 4210 3380 3.380
4.10 0.950 6.780 3420 3420 4.10 0.730 5210 1570 1570
2,60 0.160 1.140 2,480 2.480 2,60 0120 | o0%%0 2,520 2520
290 0.250 1.780 2,720 2.720 2,90 0,160 1140 | 2780 2,780
3.20 0370 | 2.640 2.040 2940 3.20 0220 1.570 3.040 1040
3.50 0485 3460 3.150 3.150 350 0310 | 2210 3270 3270
330 0.553 1.980 3.400 3.400 330 0450 | 3210 3.480 1450
4.10 068) | 4870 3610 3610 410 0520 | 3710 1730 1710
130 0.799 | 5.700 1,730 3730 430 0.680 | 4.850 3810 1810
4.60 0910 6.500 1.900 1900 o460 0.830 5020 4.000 4,000
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Figure 4.91 Adsorption isotherms of acid yellow 34 on Corncobs (CC) and Ailanthus altissima
(AA) carbon samples



Table 4.90 Adsorption isotherm of acid yellow 34 on carbon samples

Salvadora Oleoides (S0O)

238

at 10°C at 45°C |
.‘é' (um?:h::*’ Ab 1an 3 DD,y D, {nmE:If:r" Aby :Ith 4| DeDs D,
7 10%) ’ {r?ﬁ - Iu‘u;‘-%i'qu i ‘mféﬁ; o b i 'm:i;l-sTd ' :m:r;-g;‘ ‘
16.0 1900 | 1357140 | 2428570 | 2428570 16,0 1650 | 117857 | 4214280 | 4214280
200 2290 | 1635714 | 2642850 | 3642850 | 200 2000 | 142857 | S.714285 | S.71428
240 2790 | 19.92857 | 4.071428 | 4071428 24.0 2420 | 17.2857 | 6714280 | 6.714280
. 280 3320 | 2371428 | 4285704 | 4285714 28.0 2900 | 207143 | 7.285720 | 7.288720
& 34.0 4041 | 2886428 | 5138714 | 5135714 340 3.600 | 257143 | 8.285720 | 8.285720
40.0 4850 | 3464285 | $357143 | 5357143 10,0 4340 | 31,0000 | 9.000000 | 9.000000
480 5970 | 4264285 | s3smias | s3s7ia3 | 480 5350 | 382143 | 9785710 | 9.788710
6.0 708l | 5057857 | 5421428 | sez1428 6.0 6450 | 460714 | 9928570 | 9.928570
16.0 1685 | 1203571 | 3964285 | 3964285 16.0 1210 | 8642857 | 7.357140 | 7.357140
200 2004 | 1510000 | 4000000 | 4.000000 0.0 1600 | 1042887 | B.571430 | R.ST140
2.0 2530 18407142 5028571 5928571 24.0 2.000 1.2H5T1 D.TEAZROD 9. 714280
o 28.0 3010 | 21.50000 | 6.500000 | 6.500000 | 28,0 2479 | 177070 | 1029290 | 1029200
g | 3w 1800 | 27.14283 | 6857143 | 6857143 340 3210 | 2292860 | 1107140 | 1107140
40.0 4640 | 3314285 | 6857143 | 657143 | 400 4040 | 2885710 | 11.14285 | 1104285
48.0 5760 | 4114285 | 6.857143 | 6.857143 8.0 5080 | 16.28570 | 1171430 | 1171400
L[ see 6.860 | 49.00000 | 7.000000 | 7.000000 |  56.0 6210 | 4435720 | 11,64280 | 11.64280
16.0 1450 | 1035714 | 5642850 | 5.542850 160 | 09890 | 706428 | 8935710 | 8935710
20.0 1900 | 13.57128 | 6428571 | 6428571 20,0 13840 | 088571 | 10.11a30 | 1011430
240 2319 | 1656428 | 7.435714 | 7435714 24.0 17590 | 125643 | 11.43571 | 1143571
b IR0 2809 | 006428 | 7008714 | 7935714 280 22530 | 160928 | 1190714 | 1190714
€| 30 3619 | 2585000 | 8150000 | 8150000 | 340 | 29%90 | 213500 | 1265000 | 12.65000
40.0 4449 | 3177857 | 8221428 | B221428 | 400 | 38200 | 27.2857 | 1271428 | 1271428
48.0 5567 | 3976428 | 8235714 | 8235714 480 | 48890 | 349214 | 1307857 | 1307887
56.0 6,678 | 47.70000 | £.300000 | 8300000 | 86,0 6.0000 | 42.8571 | 13.14285 | 13.14285
16.0 1.040 | 7428571 | 8871428 | 8.571428 16.0 0800 | 5714286 | 10.28571 | 10.28571
200 1319 0.850000 14, 1 5000 10.15000 20.0 1.162 R D000 11. 70000 11, Ty
240 1.70% 12. 847240 11.15710 1115710 24.0 1550 11.0714) 1292857 1292847 I
v I me 2288 | 1634285 | 1165710 | 11esTi0 | 280 2031 | 14.50714 | 134928 | 13.492%
g 34.0 3008 | 2212857 | 1187143 | 1187143 340 2767 | 1976430 | 14.23570 | 14.23570
0.0 3026 | 2804287 | 11.05m14 | 1195714 0.0 3600 | 2570428 | 14.28571 | 14.28571
48.0 5041 | 3600714 | 11.09285 | 11.99285 .0 4669 | 3335000 | 14.65000 | 14.65000
56.0 6145 | 4380285 | 12.10714 | 1210714 4124286 | 1475142 | 1478182
16.0 0918 | 6557140 | 9442857 | 9442857 16.0 0700 | 050000 | 11.00000 | 11.00000
200 1246 | 8.900000 | 11.10000 | 11.10000 20.0 1051 | 7.507142 | 1249280 | 12.49280
240 1.665 | 11.89280 | 12.10m14 | 1210714 4.0 1440 | 1028571 | 1371428 | 13.71428
¥ 28.0 2,155 | 1539285 | 12.60714 | |2.60714 28.0 1.BRO | 1342857 | 1457143 | 14.57143
g 340 2965 | 2117857 | 12.42142 | 1282142 340 2.656 | 1897143 | 1502847 | 1801847
10,0 3793 | 2709286 | 12.90714 | 12.90714 0.0 3490 | 2492857 | 1507143 | 1507140
8.0 4908 | 3505714 | 12.94285 | 1294285 | 480 4558 | 3255714 | 1544285 | 15.44285
6.0 6012 | 4294286 | 1308714 | 1305714 56.0 5663 | 4045000 | 15.55000 | 13.45000
e e e —— e e
16.0 0696 | 4971420 | 1102857 | 11.028%57 16.0 0610 | 0435714 | 11.64285 | 1).64285
200 1023 | 7307142 | 12.69285 | 12.60285 | 200 0938 | 0670000 | 13.30000 | 13.30000
240 1442 | 10.30000 | (3.70000 | 13.70000 4.0 1327 | 0947857 | 14.52143 | 14.5214) |
¢ 2.0 1933 | 1380714 | 14.19285 | 14.19285 2.0 1769 | 1263571 | 1536428 | 1836428
8 340 274) | 1950285 | 144074 | 1440718 | 340 2543 | 1806428 | 1583571 | 1883871
0.0 3871 | 2550712 | 1440285 | 144925 | 400 3310 | 2304285 | 1635714 | 165714
8.0 1197 | M2eas | 1373 | 1373 480 4400 | 3142857 | 1657143 | 1657143
6.0 5901 | 4215000 | 1.85000 | 13.85000 | S6.0 5500 | 3928571 | 16.71428 | 1671428
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Figure 4.92 Adsorption isotherms of acid yellow 34 on Salvadora oleoides (SO) carbon samples



Animal bones charcoal (ABC)

Table 4.91 Adsorption isotherm of acid vellow 34 on charcoal samples

240

ut 10 nf 45'C .
E" 'lrrm?;}nr* Abs I[:Iﬂ " DuD, D, Ema?.;‘m"‘ At | ¢ m?i‘:n s | DD, D,
= « 1™y | II:II;; m" x i?-%l'dmd i "";’g;f; o w 107 10%) - Eﬁ'dm‘l ¥ ;mr#%l -
0,00 0.582 | 4.157140 | 4584285 | 4584285 | sn.00 0467 | 1335714 | d0.06428 | 46.60438
60,00 0698 | 4985714 | 5501428 | 5501428 | 60.00 0.568 | 4.200000 | $5.80000 | 55.80000
7000 | 1152 | 8228571 | 6177143 | 6177143 | 7000 0820 | 5857143 | 04.14285 | o4.14285
“ K000 1.543 |- 11.02143 | 6897857 | GR.O7EST 80.00 1400 | 10000000 | 70.00000 | 70.00000
E 40,00 2.M3 16.52143 TI1ATSTO 7347570 90.00 2.200 1571428 7428571 Td.ﬂfrf
100.0 3335 | 282143 | 2017857 | 76.17857 | 1000 3224 | 23.02857 | 7097143 | 7697143
110.0 4725 | 3375000 | 76.25000 | 7625000 | 110.0 4618 | 3298571 | 77.01428 | 77.01428
1200 6.127 | 437643 | 7623571 | 76.23571 120.0 6.022 | 4301428 | 76.98571 | 7698571
10,60 0311 | 2221428 | 7.978%70 | 7778570 | 100 0.050 | 0357143 | 0642857 | 9.642857
20,00 0380 | 4.142857 | 1885714 | 1585714 | 20.00 0088 | 0.628571 | 1937143 | 193718
30.00 1005 | 7178571 | 2282143 | 2232143 | 300 0.064 | 1171428 | 28.82857 | 28.82857
2 o0 1430 | 1021428 | 2978571 | 078571 | 40.00 0.300 | 2142857 | 3785714 | 3785714
g | so00 2040 | 14.57142 | 3542857 | 3542857 | s0.00 0.634 | 4528571 | 4547143 | 4547143
60,00 2831 | 2022142 | 3077887 | 39.77857 | 60.00 0955 | 6.821428 | $3.17857 | $3.17887
T ERVEILH 2E.50328 4143571 4143571 70.00 1960 F.00000 S, 00000 3000400
$0.00 5305 | 37.89285 | 420074 | sz10ms | so00 3.180 | 2271328 | s7.28571 | s728sT1
30.00 0.245 | 1750000 | 28.25000 | 2825000 | 30.00 0200 | 1428571 | 2857143 | 2857143
40,00 0.540 | 3857140 | 3614285 | 3604285 |  40.00 0470 | 2357140 | 3604285 | 36.64285
50,00 0900 | 6428571 | 4357143 | 4357143 | soo0 0.680 | 4857143 | 45.14286 | 4514280
1 anoo 1320 | 9428571 | 5057143 | s0S7143 | oo 1190 | 8500000 | $1.50000 | $1.50000
S | 7000 | 1918 | 137000 | 363000 | 5630000 7000 | 1700 | 1214285 | 5785718 | sT85714
50.00 2920 | 2085714 | 59.14285 | 5914285 |  s0.00 2729 | 1949285 | 60.50714 | 60.50714
90,00 3000 | IKS0000 | 6150000 | 61.50000 | 90,00 3889 | 27.77857 | 6222143 | 6232143
100.0 5320 | 38.00000 | 62.0000 | 62.0000 100.0 5208 | 37.20000 | 6280000 | 62.80000
30,00 0.138 | 0985714 | 2901428 | 2901428 | 0.0 0.135 | 0964285 | 2903570 | 2003570
40,00 0430 | 3071428 | 3892887 | 3692857 | 4000 0.300 | 2142857 | 385714 | 3788710
50,00 0.798 | 5700000 | 4430000 | 4430000 |  So.00 0.630 | 4500000 | 4550000 | 4550000
N T 1380 | 9857143 | 50.14280 | 50.14286 | 6000 0960 | 7000000 | $3.00000 | 5300000
=8 BET 1920 | 1371428 | 5028572 | 5628572 |  70.00 1602 | 11.44285 | SH.55714 | s8.55714
0,00 2940 | 2100000 | $9.00000 | 59.00000 | 80.00 2822 | 2015714 | $9.84285 | s9.8azHs
90.00 3980 | 2842857 | 6157143 | 6157143 | 90.00 3892 | 2780000 | 62.20000 | 6220000
(iR 53M JHoT142 G1. 92857 G1,92857 1040 5.1 J7.3142% 626857 6268571
30,00 009 | 0707142 | 2020285 | 2920285 | 30.00 0054 | 0385714 | 2061428 | 29.61428
40,00 0320 | 2285714 | 3771428 | 37.71428 | 40.00 0.098 | 0.700000 | 39.30000 | 3930000
20,00 0688 | 4914285 | 45.08571 | 45.08571 50,00 0252 | 1.800000 | 48.20000 | 4820000
1 6000 1.190 | 8.500000 | 51.50000 | siso000 | 60.00 0346 | 2471428 | 57.52857 | s7.52887
% 70.00 1810 | 1292857 | 57.07143 | s7.0m143 | 7000 0.840 | 6.000000 | 64.00000 | 64.00000
80,00 2732 | 1951428 | 6048571 | 60.48571 $0.00 1210 | 8642857 | 7135714 | 7138714
90.00 3799 | 2713571 | 62.86428 | 62.86428 | 90.00 1850 | 1321428 | 70.78571 | 767857
100.0 5.045 | 3675000 | 63.25000 | 6325000 | 100.0 2960 | 21.14285 | 78.85714 | 78.85714
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Figure 4.93 Adsorption isotherms of acid yellow 34 on animal bones charcoal (ABCI} samples



Table 4.92 Adsorption isotherm of acid yellow 34 on carbon samples

Regenerated (RG)

242

wi I*C Ba at 45°C .
o D.
, ,
I Rl I [ P (P B I -0 T
1t 1 10"y 107y
S0.00 4400 | 3142857 | 1857143 | 1857143 | soum 3400 | 2428571 | 2871428 | 2571428
60,00 5490 | 39.21428 | 2078571 | 20.78571 60.00 3960 | 2828571 | 3171428 | 3171428
7000 0500 | 4642850 | 2357140 | 23.57140 | T0.00 4500 | 3214283 | 3785714 | 3785714
© | s0.00 7.980 | 5557140 | 2442887 | 2442857 | so0.00 5430 | 3878571 | 41.21428 | 4121428
E S0.0n 0.040 G4 57142 2542851 2542851 90.00 6.240 44 57141 4542857 -Iﬁ.-ﬂﬂ.ﬂ‘—
LN ] 10.20 T2.85714 2714285 2714285 100.0 T.310 5228571 47.71428 4?.?“111-_‘
110.0 1158 | 8271428 | 2728571 | 272851 110.0 8.720 | 6228571 | 47.71428 | 4771438
120.0 1259 | 9207142 | 2792857 | 17.92857 1200 10.10 | 72.14285 | 47.85714 | 47.85714
3000 0958 | 6.842850 | 43,0574 | 4315714 | s0.00 0.764 | 545714 | 44.54285 | 44.54295
60,00 1.242 | 8871430 | 5112857 | 5112857 | 60.00 1040 | 7.428571 | 8257143 | s2.57140
70,00 1742 | 1231571 | 57.68428 | 57.68428 | 70.00 1640 | 1171428 | $8.28571 | s8.285T1
Y I nooo 2400 | 17.14285 | 6288714 | 6285714 |  so.0 2320 | 1657143 | 6342857 | 6342857
g | oo 2999 | 2142142 | 6857857 | 6857857 | 90.00 23500 | 2000000 | 70.00000 | 70.00000
100.0 4010 | 2864285 | 7135T4 | 713572 | 1000 3700 | 2642857 | 7357143 | 7357143
1100 5340 | 38.14285 | 7185714 | 7185718 | 1100 5100 | 3642857 | 73.57143 | 1357143
120.0 6700 | 47.85714 | 72.14287 | 72.14287 120.0 6500 | 4642857 | 7357143 | 7357140
50,00 0762 | 5442857 | 4455714 | 4d.55714 | s0.00 0.656 | 4.685714 | 4831428 | 4531428
60.00 0.884 | 6314285 | 53.6857) | s3.68571 60,00 0.772 | 5514285 | s4.4857) | s4.4857)
70,00 1352 | 9657143 | 6034285 | 6034285 | 7000 | 0905 | 6.464285 | 6353571 | 6353971
“ 50,00 1.741 1243571 | 67.56428 | 67.56428 80.00 LG00 | 1142857 | 68.57143 | &R.57143
g | w0 2510 | 17.93571 | 7206428 | 7206428 | 90.00 2400 | 17.14286 | 72.85T14 | 7235714
100.0 3533 | 2523571 | 7476428 | 7476428 | 1000 | 3420 | 24.42857 | 7557143 | 755710
110.0 4923 | 3506428 | 7483871 | 7483571 100 | 4800 | 3428571 | 7571428 | 75.71428
120.0 6324 | 4517142 | 7482857 | 74.82857 | 1200 6.200 | 4428571 | 7571428 | 7571428
50.00 0671 | 4792857 | 4520m4 | 452074 | s0.00 0.546 | 3.900000 | 46.10000 | 46.10000
G, B0 f.RO% 5. 750000 54,2 5000 5425000 i, ih 0662 4. TIRETD 5527140 527140
To. o0 1.3 Q007142 G0, PIIRS G 2RS Ti,0i L.XK2 [T 61 T L) TN
v I sooo 1082 | 1150000 | 63.20000 | 6820000 | %000 1502 | 1072857 | 927143 | o9.27143
g | o000 2422 | 1730000 | 7270000 | 7270000 | 90.00 2302 | 1644286 | 7355714 | 7355714
100.0 3444 | 2460000 | 7540000 | 7540000 | 1000 1322 | 2372857 | 7627143 | 7627143
110.0 4634 | 3452857 | 7547143 | 7547143 10,0 4704 | 3360000 | 7640000 | 7640000
1200 6.236 | 44.54285 | 7548714 | 7545714 120,0 6.102 | 4358571 | 7041428 | 7641428
50,00 0582 | 4157140 | 4584285 | 4584285 |  s0.00 0467 | 3335714 | 4666428 | 46.60428
60.00 0698 | 4985714 | s501428 | sso1428 | 6000 0588 | 4.200000 | 55.80000 | 55.80000
70.00 1152 | 8228571 | 6177143 | 6177143 | 7000 | 0820 | 5857143 | 6414285 | 614288
| son0 1543 | 1102143 | 68.97857 | 6897857 | so.00 1400 | 10.00000 | 70.00000 | 70.00000
§ 90.00 2313 | 1652143 | 7347570 | 7347570 | 90.00 2200 | 1571428 | 74.28571 | 74.2857)
100.0 3038 | 2382143 | 7617887 | 76.17857 | 1000 3224 | 23.02857 | 7697143 | 7697143
110.0 4725 | 3375000 | 76.25000 | 76.25000 |  110.0 4618 | 3298571 | 77.01428 | 77.01428
120.0 6,127 | 437643 | 7623571 | 76.235M 120.0 6022 | 43.01428 | 7698571 | 76.98571
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Figure 4.94 Adsorption isotherms of acid yellow 34 on regenerated carbon samples



"Table 4.93 ‘Adsorption isotherm of acid orange 7 on carbon samples

Paulownia tomentosa (PT)

Populus caspica (PC)

al f0°C

244

w 45°C
i 4.’rr||'.1lli.:':;|.!‘l'n'|“J D, {mn?;' A Dy,
:E « 107 Al Ergﬁ{:l.dm" o {mﬂlnbai.’ p fl'ﬂﬂ?i“ ; « lh"'T Al ﬂmu!.diﬁ" " fnmnfalr::'l"" . Imﬂlﬁ"‘ ”
) 10) 10%) Lt 10) 0%
1.00 0.100 | 0630 0.937 0.937 1.00 0050 | 0310 0.969 0.969
130 0135 | 0851 1.220 1.220 1.30 0070 | 0440 1.256 1.256
1.60 0.183 1.150 1,480 1480 1.60 0100 | 0,630 1.537 1,537
g 19 0220 | 1380 1.760 1.760 1.90 0.130 | 0820 1.820 1.520
-4 20 0310 1.950 2000 2.000 210 0.200 1.260 2070 2070
250 | 0409 | 2570 1240 2240 250 0315 | 1.980 2.300 2300
250 0560 | 3530 2440 2440 250 0450 | 2830 2520 2520
3.10 0890 | 5611 2538 2538 310 0690 | 4350 2,660 2660
ﬁ
200 0120 | 0757 1,930 1.930 2.00 0100 | 0631 1.937 1.037
230 0.150 | 0945 2200 2.200 230 0120 | 0750 2230 2230
2.60 0.105 1.230 2470 2470 260 0.160 | - 1.000 2.500 2,500
"8 YT 0.250 1,577 2.743 2743 2.00 0.195 1,230 2770 2770
g 320 0390 | 2450 2.060 2,960 320 0250 | 1.570 3.040 3.040
3.50 0525 | 3480 1150 1,150 3.50 0410 | 2,580 3.240 1240
3.50 0720 | 4530 1.340 1,340 3.80 0.630 | 3970 3400 3400
£10 0950 | 5980 3.500 1.500 410 0820 | 5170 3,580 3.380
260 0.130 | 0820 2.520 1.520 2,60 0103 | 0.650 2,560 2.560
2, 0.183 1.150 2780 2.780 290 0132 | 0832 2820 2820
20 0240 | 1510 3.050 3.050 320 0169 | 1.060 3110 310
¥ 3.50 0.322 2.030 3.300 3300 350 0.202 1270 3370 3370
g | 3m 0517 | 3260 34700 | 234700 3.80 0419 | 2640 3.530 1530
310 0898 | 5660 3.530 3530 FET) 0132 | 410 31,640 3.640
430 0999 | 6290 3670 1670 430 0865 | $4%0 3.150 1750
460 1300 | 8.190 3780 3.780 4.60 1100 | 6938 1.900 3.900
1.00 012t | 07620 0.924 0.924 1.00 0104 | 0.685 0.934 0.934
130 0151 | 009321 1,208 1.205 1.30 0138 | 087 1,210 1210
160 0210 | 13240 1460 A0 160 0189 Lo A8 1AKD
¥ 190 0311 19600 1,700 1700 190 0250 | 15w | 110 | 17w
=8 IR 0450 | 2.8300 1.920 1.920 2.20 0396 | 2.500 1,950 1.950
250 0720 | #5300 2050 2.050 150 0.598 | 3.770 2,120 2.120
2.50 0933 | 58823 2212 2212 280 0833 | - 5252 2.270 2270
310 1200 | 7.5662 2344 2344 3.10 1120 | 700l 293 2393
2.00 0110 | 0693 1.930 1,930 2.00 0.106 | 0.630 1,940 1.940
230 0150 | 0945 2210 2210 130 0.125 | 0.788 2220 1220
260 0175 | 1100 2490 2.4%0 160 0151 | 0950 2510 2510
¢ 2. 0273 1.720 2720 2.720 2.90 0.235 1.480 2750 2.750
€1 320 | o042 | 2800 2.930 2930 320 | 0375 | 2300 2.960 2.960
3.50 00603 | 3800 3.120 3.120 350 0495 | 3.120 3.180 3.180
3.50 0750 | 4.980 1300 3.300 350 0687 | 4330 3.360 3360
410 1230 | 7750 3.320 3320 £.10 1150 | 7.2509 1370 1370
A
aﬁ 2,60 0130 | 0820 2.520 2.520 2.60 0120 | 0756 2.520 1.520
290 0153 | 0,964 2,800 2400 200 0147 | 0926 280 2.80
320 0.251 1,580 3,040 1.040 320 0.182 1140 310 310
= 350 0.343 2160 1,280 3.280 350 0.215 1,350 3360 3360
g | 0485 | 3050 3.500 3,500 3.80 0316 | 1.9 3.600 3,600
w10 0608 | 4210 3.680 3.080 110 0325 | 23310 3770 3770
430 0869 | 5470 1,750 3,150 330 0717 | 4520 3,840 1.840
160 1350 | 8512 3150 3750 460 1200 | 7566 1.84) 3843
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Figure 4.95 Adsorption isotherms of acid orange 7on Paulownia tomentosa (PT) and Populus
" easpica (PC) carbon samples.
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Table 4.94 Adsarption isotherm of acid orange 7 on carbon samples

Atlsorpilon isotherm ot 10°C Adsorpiion iotherm of 45'C
o
=" o
| ey
[ oo ? 0,034 0.934 .00 0080 | 0500 0.9%0 0.950
1.30 0132 | 0832 1.220 1.220 130 0110 | 0690 1.230 1230
1.60 0154 | 0970 1.500 1.500 1.60 0132 | 0830 1510 1510
2 1.90 0200 | 1.260 1770 1.770 1.90 0.152 | 0960 1.800 1500
2 [ m 0.290 1.830 2010 2010 220 0.176 | 1110 2,090 2000
2.50 0395 | 2490 2250 2.250 250 0382 | 2.400 2.260 2260
280 059w | 3170 2420 2420 250 0551 | 34700 2450 1450
310 1000 | 6308 2469 2469 310 0980 | 6.1790 2482 2482
2,00 0138 | 087 1.910 1.910 2.0 0424 | 0782 1.922 1.922
o 230 0160 |- 1010 2.20 2.20 2.30 0.137 | 0863 2210 2210
¥} 2.60 0.210 1.320 2.460 2.460 2.60 0.154 | 0970 2.510 2.510
21°¢ 2.00 0.306 1.910 2.710 2710 2.90 0.199 1.250 2770 2770
Sl 8| 0411 2590 2.940 2.940 320 0280 | 1.760 3.020 3020
= 350 0618 | 3.840 3110 3.110 350 0430 | 2710 3230 3.230
S 3.80 0911 | 5744 3225 3225 3.80 0616 | 2884 1412 3412
410 1310 | 8259 3274 3274 410 0985 | 6211 3478 1478
2.60 0115 | o7 2.520 2.520 2.60 0118 | 0744 2.525 2525
2.90 0.149 | 0939 2.800 2.300 290 0132 | o083 2510 2810
320 0201 |- 1.267 3.070 3.070 3.20 0155 | 0077 3,100 3.100
= 3.50 0.271 1.708 3330 3.330 3.50 0197 | 1240 3370 1370
8 | 380 | o3ss | 24% 3.550 3.550 38 | o250 | 1% 3.640 3640
w10 0473 | 2980 3800 3.800 L.10 0322 | 2030 31896 15%
130 0608 | 3.830 3.020 1.920 430 0.540 | 3.400 3.960 1.960
460 0919 | 5790 4.020 4.020 460 0878 | 5530 | 4050 4.050
1.00 0.100 | 0630 0.937 0.937 1.00 00% | 0567 0.541 0.943
130 D.150 noqs 1.210 1.210 3o 010 ngi 1.2 1220
1.60 0188 | 1180 1480 1450 Lah 0173 0 1,500 ]
> 1.90 0.245 1,540 1.750 1.750 1.90 0199 | 1280 L | 17w
2 220 [ o | 233 1960 1.960 220 | 0210 | 1700 2030 2030
250 049 | 3146 2.190 2.19 250 0386 | 2430 2260 2260
2.50 0617 | 3800 2410 2410 2.80 0.591 3720 2430 2430
o 300 0992 | 6250 2.470 2470 3.10 0865 | 5450 2.550 2.550
E 2,00 0.121 0.762 1,920 1,920 2.00 0.109 | 0687 1931 1931
- 230 0182 1,140 2180 2180 230 0.153 | 0964 220 220
§ 2.60 0240 1.576 2.440 2,440 2.60 0.195 1.230 2470 2470
2L 2% 0344 | 2030 2700 2.700 290 02350 | 1.570 2.740 2.740
T8 im0 0499 | a.140 2.890 2390 320 0469 | 2.950 2910 2910
g 350 0.703 4.430 3.050 3,050 350 0638 | 4022 3.097 1097
":~“.= 380 0.929 5850 1210 3210 350 0518 5.150 3.280 280
= 410 1300 | 8190 3.280 1.280 410 0121 |  7.620 1.300 3.300
T = :
, 260 0140 | 0882 2510 2.510 2,60 0100 | 0.636 2.540 2.540
290 0.195 1.230 2770 2770 2.90 0.156 | 0983 2.800 2800
320 0289 | 1820 3010 3010 320 0200 | 1200 3.070 3.070
# | s 0410 | 2.580 3.240 1.240 3.50 0250 | 1570 | 3340 3340
2 380 0550 | 3460 1,450 3.450 380 0473 | 2980 1.500 3.500
410 0520 | 8170 3.580 3580 410 0768 | 4.840 1610 3610
: 130 1100 | 6930 1610 1610 430 0991 | 6240 3.670 3670
460 1.500 | 9450 3.650 3.650 160 1430 | 9010 3.700 3.700
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Figure 4.96 Adsorption isotherms of acid orange 7 on Corncobs (CC) and Ailanthus altissima (AA)

carbon samples.



Table d.:‘JS Adsorption isotherm of acid orange 7 on carbon sam les

Salvadora oleoides (S0)

248

ar 10°C at 45°C |
- iy Da-D, o, | tmotitm* o Da-D., D
5 ':"i“:'n‘f':]" Abu .!'mn:#{;’«'} * tmol.dm™ = (ml.oj;' x| =10% Ay {mn:#’l;f‘ | (moldm™ « tmnl.i,"' x
1Yy 1 10 10
6.00 0450 | 2837326 | 3162673 | 3.162673 6.00 0303 | 1910466 | 4.0895)3 | 4.089533
2,00 0.682 | 4.300126 | 4.600874 | 4.699874 2,00 0432 | 2723834 | 6276200 | 6.276200
12.0 0902 5687263 631276 6312736 12.0 0.602 L6573 B204287 8204287 I
z 150 1060 | 6683481 | 8316519 | 8316510 15.0 0804 | 5069356 | 9930643 9.93«.4:
= 18.0 I 314 B.2849%94 2.71 5006 9.71 5006 18.0 1.100 5935687 11.06432 11.06432
21.0 1.742 | 1098360 | 10.01639 | 10.01639 210 1421 | 2936464 | 1204035 | 12.04005
4.0 2.150 1355601 1044388 1044 384 24.0 1.820 1147541 1252459 I2.$IJ¥
270 2.562 16.15384 10.84615 10.84615 27.0 2231 14.0668) 1293316 I?_Q]J-Iﬁd
6.00 0300 | 1891551 | 4.108448 | 4.108448 6.00 0230 | 1450189 | 4.549810 | 4.549810
9.00 0450 | 2837327 | 6162673 | 6.162673 9.00 0380 | 2195065 | 6.604005 | 6.604035
120 0.642 4047910 T.052081 TOSMIR] 2n 0550 JAGTRA R.532156 R512156
w 15.0 0810 | 5107187 | 9892812 | 9.892812 15.0 0700 | 4413619 | 1058638 | 10.58638
-gr 15.0 1.088 6.8360025 L1397 1513987 18.0 0.932 3876420 12.12358 12.12358
210 l.ab4] YOHSTS5 ILY1423 1191425 2.0 1.220 e300 1330709 13,3070
240 LET0 | 1079067 | 12.20933 | 1220033 240 1662 | 1047019 | 13.52081 | 1352081
2.0 2.330 1469108 12, 30KD5 12.30893 IT.0 .120 1136606 1363304 13.63304
6.00 0240 | 1513241 | 4486750 | 4.486759 6.00 0200 | 1261034 | 4738960 | 4738960
9,00 0390 | 2459016 | 6.540984 | 6.540084 9,00 0320 | 2017654 | 6.982345 | 6.982345
12.0 0.560 A5ng9s 54060104 BAGD104 120 0.500 31525858 B.BaA7415 B.B4T418
o 15.0 0698 | 4401010 | 10.59899 | 1059899 15.0 0.610 | 1R46154 | 11.15385 | 11.15388
§ 15.0 0862 5435056 1256494 12.56404 18.0 0.780 4918032 13.08196 1308196
210 1220 | 7.692307 | 13.30769 | 1330769 210 1053 | 6639344 | 1436065 | 1436065
24.0 1620 | 1020437 | 1278563 | 13.78563 240 1451 | 0.048802 | 14.85120 | 1485170
Ll 20 2,140 | 1349306 | 13.50693 | 13.50693 27.0 1920 | 1210893 | 14.89407 | 1a.89407
600 0.112 0.706179 5293821 5.293821 6.00 0.020 0.126103 5.ETI800 3.E731890
9.00 0.164 1.034079 1.965952 7965952 .00 0.013 0208071 b L ko X ] B9
12.0 122 1309747 [N YR IN.GON2S 12.0 (NI} 06l A 11, V5050 112505
5."’ 150 0272 1715006 13.28409 13.28499 150 0, 6% 106557 13,9344 13.93443
2 18.0 0399 | 2515762 | 1548423 | 1548423 18.0 0294 | 1853720 | 1604628 | to.1a02k
Nao 0.532 354350 17.64565 17.64565 210 0426 1oR6003 18.31 309 18.3139%
240 0.866 | 5400277 | 18.52072 | 18.53072 240 0.750 | 4728877 | 1927112 | 1927112
27.0 1221 | 7698613 | 1930138 | 1930138 27.0 1100 | 6935087 | 2006432 | 2006432
6.00 0050 | 0315259 | 5684742 | 5684742 6.00 0010 | 0063052 | 5036048 | s9160u8
9.00 0070 | 0441362 | 8558608 | 5.558638 9.00 0022 | 0138714 | 8861286 | 8.861286
12.0 0.046 | 0290038 | 11,7096 | 11.7099 12.0 0038 | 0239596 | 1176041 | 11.7604]
W 15.0 0.056 | 0.J53089 | 14.64601 | 14.6409) 15.0 0.04d | 0277427 | 1472287 | 1472257
§ 18.0 0.0E8 0554855 1744515 1744515 I5.0 0.072 0453972 1754602 17.540602
210 0232 | 1462799 | 1953721 | 195371 21.0 0.147 | 0926860 | 2007313 | 2007313
240 0488 | 3076923 | 2092307 | 2092307 240 0.39 | 2496847 | 21.50315 | 21.50015
27.0 0.869 5479191 21.52081 21.52081 27.0 0.774 4. 880202 22119719 2201979
6.00 0014 | poss27z | sonmr | se1177 6.00 0005 | 0.031525 | 5968470 | 5968470
92,00 0014 | 0088272 | 8911727 | 8911727 .00 0009 | 0056746 | 8943253 | 943353
12.0 0032 0.201 765 11,7982 1079821 1.0 0.020 0026103 11.B7389 | 11.87389
o 15.0 (1R WTTHES I 333984 13.83784 15.0 0.2 0580075 1441903 14414993
E 18,0 0378 | 2383354 | 1S.61665 | 15.61665 18.0 0.266 | 1.677175 | 1632282 | 1632282
1.0 LR 1871378 1712861 IT.1286) 210 0.500 3152585 1784741 17.84741
24.0 0886 | 5586381 | 1841362 | 1841362 240 0.79 | 5006305 | 18.99369 | 18.99369
7.0 1218 | 7679697 | 1932000 | 1932000 27.0 1100 | 6935687 | 2006431 | 20,0641
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Figure 4.97 Adsorption isotherms of acid orange 7 on Safvadora oleoides (SO) carbon samples



Table 4.96 Adsorption isotherm of acid oranee 7 on charcoal samples

Animal bones (ABC)

250

al 10°C af 45°C a
s (el elin™ i, DD, n tnnﬂﬂ.tﬁﬂ“ D. DD D
'E « 1Yy Abm """":'[1!1:‘“ = [nm};!.,f;r’: {m::;,%‘l' A = 107" Al '“"':'._;j.f;" " (mullg!qn" = :m:rég;: at
T 0.143 | 0901639 | 9098361 | 9.098361 10.0 0055 | 0346784 | 9.053216 | 9650216
20.0 0207 | 1305170 | 18.69483 | 18.6948) | 200 0.116 | 0731399 | 19.26860 | 19.26860
30.0 0406 | 2550899 | 27.44010 | 27.44010 | 30.0 0308 | 1941993 | 28.05801 | 28.08801
% 0.0 0823 | 5180158 | 3481084 | 34.81084 40.0 0734 | 4627995 | 3537200 | 3537200
€| =0 1438 | 900683 | 4093316 | <0930 | son 1440 | 9079445 | 4092055 | 4002055
60,0 2218 | 1398486 | 46.01513 | 46.01500 | <o 2020 | 1273644 | 4726338 | 4726333
65.0 2804 | 1767969 | 47.02000 | 4732000 |  6&p 2600 | 1639344 | 4K.00685 | 4860085
70.0 1358 | 2117276 | 48.82724 | 43.82724 70.0 3.060 | 1992433 | 5007566 | 50.07566
10.0 0080 | 0504414 | 9495886 | 9.495586 1.0 0035 | 0220680 | 9779319 | 9770819
200 0.128 | 03507062 | 19.19294 | 19.19294 20.0 0078 | 0491803 | 19.50819 | 19.50819
30.0 0179 | 1128628 | 2887137 | 2887137 300 009 | 0624212 | 2937578 | 2937978
(¥ 40.0 0216 | 1361917 | 38.63808 | 3863808 | 40.0 0.129 | 0813367 | 39.18664 | 3918064
g 50.0 0281 | 1771783 | 4822825 | 4822825 50,0 0231 | 1456494 | 4554350 | 4854350
0.0 0445 | 2805%00 | 57.19419 | 57.19419 60.0 0385 | 2427490 | $7.57251 | s7.57251
65.0 0630 | 3972258 | 61.02774 | 61.02774 65.0 0577 | 1.638084 | 6136192 | 636192
70.0 0883 | 5567465 | 64.43253 | 64.4325) 70.0 0.753 | 4747794 | 65.25221 | 6525221
10.0 0102 | 0643127 | 93s687 | 935687 10.0 0030 | 0.189155 | 9810844 | 9310844
200 0.149 | 0930471 | 19.06053 | 19.06053 200 0.037 | 0233291 | 1976671 | 19.76671
30.0 0076 | 1109709 | 28.89029 | 28.89029 | 30.0 0.084 | 0520634 | 20.47036 | 29.47005
v 40.0 0211 | 1330291 | 38.66961 | 38.66061 0.0 0092 | 0580075 | 39.41993 | 39.41993
e 50.0 0239 | 1506935 | 4849306 | 4249306 50.0 0.127 | 0800756 | 49.19924 | 49.19924
60.0 0319 | 2011493 | 57,0885 | 57.98865 60.0 0207 | 1305171 | 58.60483 | 58.6048)
65.0 0410 | 2851200 | 6241488 | 62.41488 65.0 0310 | 1954603 | 63.04539 | 63.04530
0.0 0.500 | 3152585 | 6684741 | 66.84741 70,0 0400 | 2522068 | 67.47703 | 67.47793
30.0 0050 | 0315258 | 2068474 | 2968474 30,0 0010 | 0063052 | 2993695 | 2993605
40.0 0.070 | 0441362 | 39.55863 | 39.5586) 0.0 0040 | 0252207 | w047 | amiarm
50,0 0.09 | 0567465 | 49.43253 | 49.43253 50,0 0057 | 0359305 | 4064061 | 4004001
¢ 1 o0 0132 | 0832282 | s0.16772 | s9.00102 60,0 0.081 | 0510718 | S9.4495% | so.48usk
g 65.0 0.182 | 1147541 | 6385246 | 6385240 65.0 0090 | 0567465 | 6443253 | 64.4325)
0.0 0212 | 133669 | 68.66330 | 68.66330 70.0 0.120 | 0756621 | 69.24337 | 69.24337
H0.0 0344 | 2168978 | 77.80102 | 77.83102 80,0 0235 | 1481715 | 78.51828 | 78.51K28
90,0 0482 | 3030092 | 86.96091 | 86.96001 90.0 0375 | 2364439 | 87.63556 | B7.63556
000 | 0015 | 0094577 | 49.90542 | 49.90542 | 5000 | 0001 | 0006305 | 49.99369 | 4999369
6000 | 0039 | 0245%2 | 5975409 | 59.75409 | 60.00 | 000z | 0012611 | 59878 | 5998738
65.00 | 0060 | 0378310 | 6462168 | 6462168 | €500 0010 | 0.063052 | 64.93695 | 64.93605
© | 7000 | 0105 | oeez0es | 93375 | 5933795 1 00 0025 | 0157629 | 69.84237 | 69.8a237
§_ 8000 | 0.160 | 1008827 | 7899117 | 7899117 | 3000 | 0040 | 0252206 | 797479 | 9747
2000 | 0220 | 1387137 | 88.61286 | #8.61286 | 9000 | 0.100 | 0630517 | 893698 | 8936508
1000} 0270 | 1702396 | 98.29%60 | 98.20760 | 1000 | 0.150 | 0.995775 | 99.08422 | 99.05422
1100 | 0422 | 2660782 | 1073392 | 1073392 | 1100 | 0340 | 2143758 | 107.8563 | 1078563
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Figure 4.98 Adsorption isotherms of acid orange 7 on animal bones charcoal (ABC) samples.



Regenerated (RG)

Table 4.97 Adsorption isotherm of acid orange 7 on carbon samples

252

; . ar e al 450
i tmo?:bn" D. DD, D, {r-‘lﬂll:'!\'lll'rﬂ'J D. De-D, D,
G | wron | A | tmoldn’ amsd molgts | w0h | Al (moldm™ | (mokdm® «| (molg” «
1y 1 1y 1]
10.0 0.550 | 3467843 | 6532156 | 6.512156 10,0 0267 | 1683480 | 8316519 | 8316519
200 0844 | 5321564 | 1467884 | 1467844 | 200 0544 | 3430013 | 16,5698 | 16.56998
30.0 1.664 | 1049181 | 19.50819 | 19.50819 | 30.0 1.160 | 7313997 | 22.68600 | 22.68600
A R 3033 | 1912358 | 2087642 | 2087642 | 400 2460 | 15.51072 | 2448928 | 24.48928
=3 Y 4574 | 2883085 | 21.16015 | 2116015 |  s0.0 3930 | 2477932 | 25.22068 | 25.22068
60.0 6073 | 3829120 | 21.70870 | 21.70870 | 6.0 5490 | 3461538 | 2538461 | 2508461
65.0 6824 | 4300048 | 2197352 | 2197352 | 650 6320 | 19.84867 | 25.15132 | 25.15132
0.0 1572 | 4774275 | 2225730 | 22.25730 4530722 | 24.60277 | 24.60277
10.0 1513241 | 8486759 | 8486759 0945775 | 9054224 | 9054224
20.0 0410 | 2585119 | 17.41488 | 1741488 | 200 0240 | 1513241 | 1848676 | 18.48676
0.0 0570 | 3593947 | 2640008 | 26.40005 | 300 0350 | 2206809 | 27.79319 | 27.79319
53 BT 0730 | 400275 | 3530723 | 3539723 | 400 0.424 | 2673302 | 37.32661 | 3732601
E | 500 | 0900 | soraesr | asa25s | 44325 | son 0615 | 3877679 | 4612232 | 461222
60.0 1500 | 9.457755 | 5054224 | s0.54224 | 600 1220 | 7.692307 | $2.30769 | 520769
65.0 2100 | 13.24086 | 5175914 | 5175914 | 650 1.500 | 11.34931 | $3.65060 | $3.63069
70.0 2500 | 1576292 | 5423707 | s4.23707 | 700 2260 | 1424968 | 55.75032 | $8.75032
.o 0.s 039870 B.401008 2401008 10.0 0.080 0504414 D 475586 0405580
200 0.146 | 0920555 | 19.07944 | 1907944 | 200 0114 | 0718789 | 1928121 | 19.28121
300 0,190 | 1197982 | 2880202 | 28.80202 | 30, 0150 | 0945775 | 2905422 | 29.05422
Y 400 0270 | 1.702396 | 3829761 | 3820761 | 400 0200 | 1.261034 | 38.73896 | 38.73896
2 50.0 0320 | 2017685 | a7.08238 | 4708235 | s 0260 | 1639344 | 4836065 | 48.36065
60.0 0480 | 3020482 | 5697352 | 5697352 | 600 0404 | 2547288 | $7.452711 | S7.45271
650 0.792 | 4993695 | 60.00630 | 60.00630 | 650 0.712 | 4489281 | 60.51072 | 60.51072
0.0 1100 6035687 63064310 63106431 70.0 1000 6.305171 63.69483 6169483
10.0 0185 | 1166456 | $833543 | 883384 10.0 0091 | 0573771 | 9.426229 | 9.426229
0.0 0.246 | 1351072 | 1844803 | 184403 | 200 0134 | ORGdR93 | 1018810 | In1ssh
00 0304 | 1916772 | 2808323 | 2808020 30,0 095 | 1229508 | 2877049 | 2877000
L e 0353 | 2229ms | 37427 | an7razr | 4w 0242 | 1525851 | 3847419 | 347419
E 0.0 0.488 . 3076923 46,9237 46.92307 50.0 0379 1. 389650 4761034 47.61034
0.0 0.702 | 4426220 | 5587077 | 5587377 60.0 0.504 | 3745271 | $0.25473 | $6.25473
65.0 0.884 | 5573770 | so.d2622 | s9.e2622 |  65.0 0.772 | 4867502 | 60.13241 | 60.13241
0.0 1324 | 8348045 | 6165195 | 61.65195 | 700 1210 | 7.629255 | 62.37075 | 6237075
10.0 0160 | 1.008827 | 8991173 | 8991173 10,0 0071 | 0447667 | 9552333 | 9.552333
200 0200 | 1260004 | 1873897 | 1873897 | 200 0110 | 0.693568 | 1930643 | 19.30643
30.0 0235 | 1481718 | 2851828 | 2851828 | 300 0.145 | 0914249 | 29.08575 | 29.08575
o 400 0300 | 1891551 | 3810844 | 3510844 40.0 0202 | 1273644 | 38.72635 | 38.72635
g€ [ o 0410 | 2585119 | 4741488 | 4741488 | 500 0314 | 1978235 | 48.02017 | 4802017
60.0 0.618 | 3895052 | 56.1040 | 56.10340 |  60.0 0520 | 3278688 | $6.92131 | 5672131
65.0 0504 | 5069357 | 5903064 | 59.93064 | 650 0.600 | 3783102 | 6121689 | 61.21689
700 1258 | 7931904 | 6206809 | 6206809 | 700 0920 | 5800757 | 64.19924 | 64.19924
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Figure 4.99 Adsorption isotherms of acid orange 7 on regenerated (RG) carbon samples



Table 4.98 Adsorption isotherm of acid orange 10 on carbon samples

Paulownia tomentosa (PT)

Populus caspica (PC)

Sample

Raw

400°C

oo "C

Raw

400°C

oo "¢

254

at 10°C af 45°C |
( ""'D:F'“" e DD, D {mu!l:.':!m' ' Da DD, o,
« 10 Ay l"'”"‘l'#.';‘ﬂ“ (mol.dm” « ;qmj,;-'. = 10y Al ‘“‘“:#E.‘d' (mol.dm™ » [mul.;",
10 107 1oy 1o
100 0150 | 0.994 0.900 0.900 100 0.101 0.670 0,933 0,933
130 0.172 1.140 1.186 1.186 1.30 0122 | 080 1.220 1220
1.60 0.199 1320 1470 1.470 1.60 0.153 1010 1.500 1500
190 0250 | 1.6% 1.730 1.730 1.90 0179 | 1.180 1,780 1780
2.20 0.467 1,100 1 490 1,890 2,20 0.220 | 458 2.054 2054
250 0737 | 4.880 2010 2010 2.50 0388 | 2570 2240 2240
250 0922 | &ilo 2.190 2.190 250 0602 | 399 2.400 2400
3.10 100 | 7.29 2,370 2.370 3.10 0833 | 5520 2.550 2.550
2,00 0140 | 0928 1910 1910 2,00 0.130 | 0862 1.920 1,920
230 0.165 1.094 2.20 2.200 230 0.154 1.020 2210 2210
2.60 0.210 1.390 2.460 2.460 2.60 0.179 1.180 2480 2,480
2.0 0.260 1,720 2.730 2,730 2.0 0.199 1320 2770 2.770
320 0350 | 2320 2,970 2.970 3.20 0.280 1.850 3010 1010
3.50 0510 | 3.380 3160 3.160 3.50 0441 | 2920 3200 3200
1.80 0.801 5310 3270 1370 380 0732 | 4850 3310 1310

6,020

JA40

3440

0.930

6160

1480

480

260 2,60 0132 | 0575 2.520 2520
290 0.180 | 1190 178 278 290 0152 | 1000 2.800 2,800
3.20 0.238 1.570 304 104 320 0173 1140 3.100 3.100
3.50 0300 | 1uK0 3.30 3.0 3.50 0197 | ' 1300 1.380 3,380
350 0411 2720 3.5 353 350 0173 1810 1620 3620
410 0653 | 4330 3.66 3.66 410 0.510 | 3380 3.760 3760
430 0953 | 6320 167 367 430 0803 | s.320 1770 1770
160 1390 | 9210 3,68 168 160 1040 | 6.890 1910 1910
1.00 0130 | 0862 0.914 0914 1.00 0119 | 0789 09210 | 09210
1.30 0.16% b2 1. 15K 1190 1. 48 1.on 4] 1.2
160 0.299 1,980 1400 1400 160 0.240 L591 1440 a0
L 0.510 IR0 1.560 1.5360 1L.90 .44 2.930 (R | M
L 0773 5120 1.680 1480 110 0663 4.3%0 1.760 1.760
2.50 0.991 0.571 1.843 1,543 2.50 0.889 | 5890 1.910 1910
250 1300 | 8.020 1,038 1038 280 1200 | 7087 2,004 2.004
110 1600 | 1061 2.004 2.004 310 1510 | 1001 2008 2.098
100 0.143 | 0948 1,900 1,900 200 0.140 | 0928 1.907 1.907
2.30 0.210 1,190 2,160 2.160 230 0200 | 1320 2170 2.170
1.60 0.300 | 080 2.400 2.400 260 0.263 1,740 2430 2.430
Y 0410 | 2720 2630 2.630 290 0350 | 2320 2.660 21660
3.20 0589 | 2.900 2810 2810 330 0489 | 3.240 2870 2,870
3.50 0.702 |  4.688 3,034 3.004 3.50 0.632 | 4200 3.080 3.080
3.80 0914 | 6.060 3.200 3.200 3.80 0850 | 5670 3230 1230
410 1200 | 7.950 3300 3300 410 1170 | - 7.758 1324 3324
2. 0142 | 0942 2,505 2.505 2.60 0120 | 0795 2530 2.530
190 0.200 1,326 2.760 2.760 2.00 0.170 | 1.120 2.780 2.7%0
3.20 0.280 1850 3010 3010 320 0230 | 1520 3,050 1050
3.50 039 | 2580 3240 3240 3.50 0.293 1.940 3300 3,300
380 | 059 | 3970 3.400 3.400 380 0350 | 2220 1.560 3.560
410 0818 | 5420 3.560 3.560 410 0558 | 3700 1730 1.730
130 0993 | 6580 3.640 3,640 130 0789 | s210 3.780 1.780
460 1400 | 9280 3.670 3670 450 0969 | 6.420 3.950 1,950




Raw P'T cabow

Do (mol gl = 104

Dty (mol g = 10%)
-

'.' 1 1 3 i 4 & 3 . [ ] | ] 4 L] [ ¥
D (mict e = 104) B Gl don® 1 0

]T_- e e e — _— - — S
b M I g
L
g E ;|:.
= X
™ i
®. ! .
B £
e ®
. ('R ]
L 2 + L] | L] '] 1 '] & (] l-' ._I..*
Dy (ol dm? x |0%) D, (ol de® = 10
4 ¥

14 ;. 00 7 PO acirvaimd cartn = [

'
i

' 25 |
ey i

RO T M actsvaied carbon !

Dy (mal g'= 104
Dy (mal gl = 109

43
—.—.cEI -

B | s ! p s 6 1 ' g 1 ’ b " 0
D, (mol. dse? x 104) : D, (mol den? x 104)

Figure 4.100 Adsorption isotherms of acid orange 10 on Paulownia tomentosa (PT) and Popudus
caspica (PC) carbon samples
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Table 4.99 Adsorption isotherm of acid orange 10 on carbon samples

ar 10°C at 45°C |
2 {ma\![,.:.'m" B Da=Ds n, [J'M?:Fﬂl"‘ b Dy 3 Dy, o,
E « 10 Al rmn:#::;.. - {mn:#:;..; . ‘:m?]n;{l:' ! . 107 Al Imu:t;‘l:? u Im:-&l_{';‘ld " 'm;:!_};l ;
1.00 0.150 | 0.5940 0.900 0.900 1.00 o2 | o742 0.930 0.930
130 0200 | 1.3260 1,160 1.160 1.30 0.143 | 0050 1210 1210
1.60 0300 | 1.9890 1,400 1,400 1.60 0.176 1167 1 480 1480
2 1.90 04s2 | 2997 1.600 1.600 190 0.259 1.7120 1.730 1.720
2 [ 220 0600 | 39780 1.500 1.800 220 0411 2720 1.030 1930
2.50 0813 | s$.3910 1.960 1.960 2.50 0.603 1,990 2.100 2100
250 0989 | 6.5600 2,140 2.140 2,80 0911 6,040 2.200 2200
110 1440 | 0549 2,145 2.145 310 Lo | 7360 2360 2.360
200 0120 | 079 1.920 1,920 2.00 0.101 0.670 1.930 1,930
o 230 0.160 1.060 2.190 2.190 230 0.140 | 0930 2210 2210
=3 2.60 0.208 I 380 2,460 2,460 .60 0.180 1,200 2480 2,450
2lv 290 0311 2.060 2.690 2.690 200 0.242 1.604 210 2739
S| 8 52 [ osnt | 1m0 2,860 2.860 320 | o04s6 | 3o 259 259
;E 3.50 0,79 5.230 2970 2970 3.50 0.703 4,600 1030 2030
J 3.50 0,981 6,508 3149 3.149 3.80 0.913 65,050 3190 3090
410 0.150 | 0950 3110 3110 4.10 1320 | 8750 3220 1220
2 0114 | 0760 2520 2520 2.60 0108 | 0716 2530 2530
2.90 0.200 1330 2.760 2.760 2.90 0.170 1.127 2.790 2719
3.20 0309 | 2080 2,990 2,990 3.20 0.250 1,650 1,030 3.030
w 3.50 0415 | 2750 3220 3230 3.50 0320 | 2120 3.290 3290
g 380 0635 | 4210 3380 3380 350 0400 | 265 1530 3530
410 0853 5.050 3,530 3.530 410 0.613 4,060 3,700 1700
430 0.962 6.80 3,660 1,660 430 0.789 5.230 3.780 380
460 1400 | 9.280 3.670 1,670 460 1250 | 8289 3771 an
1.00 0125 | 0828 0917 0917 1.00 0105 | 0.69% 0.930 0.930
130 0.175 1,100 1184 1184 1.30 0135 | osos 120 am
1.60 0,243 1610 10 440 1,60 0062 |t | tawa | b
| 190 0316 | 2000 1.700 1,700 1.90 0.093 | 1280 |t | i
2 220 0.429 2,840 1.910 1.910 220 0.303 2010 1.990 190
150 0689 | 4.560 2.040 1040 250 0516 | 3420 2150 2,150
2.80 0980 | 6560 2.140 2.140 2.80 0811 5.370 2.260 2,260
- 310 1350 | 8080 2.200 2.200 310 0985 | 6530 2.440 2,440
§_ 2.00 0.131 0.868 1.900 1.900 2,00 0.111 0.730 1.930 1.930
T 230 0.201 1.330 2,167 2167 230 0.177 1170 2,184 2.184
o= 2.60 0,269 1,780 2420 2420 2,60 0239 1,580 2450 2,450
E ¥l 0490 | 3250 2.570 2.570 290 0410 | 2720 2.620 2620
|8 3 0610 | 4050 2790 2.790 320 0553 | 3660 1.840 21840
= 3.50 6774 | $.130 2.980 2980 3.50 0693 | 4.500 3.040 3.040
T‘E 3.50 0.992 6.580 3140 1140 3.80 0850 | 5630 1.230 1230
S 410 1.530 10.14 3100 3100 410 LG | 7.360 1,360 3.360
-
290 0.230 1520 2,750 2.750 290 0.185 1226 21780 2.780
3.20 0410 | 2720 2.920 2,920 3.20 0243 1610 3.040 3,040
W 3.50 0603 1900 1100 3.100 3.50 0516 | 3420 3160 3,160
2 350 0912 | 6040 3.200 3.200 380 0808 | s.3%0 3270 3270
410 1.110 7.360 3.360 3.360 410 1010 | 6.0% 3420 3.430
130 1400 | 9280 3,370 3370 430 1320 | 8750 3420 1420
160 1 830 12.13 1.386 3.386 4,60 1.590 10.54 3.540 3.540
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Figure 4.101 Adsorption isotherms of acid orange 10 on Corncobs (CC) and Ailanthus altissima
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Salvadora oleoides (SO)

Table 4.100 Adsorption isotherm of acid oran ¢ 10 on carbon samples

Sample

258

ar J8°C ar 45°C
Ds [+ B b D,
tll:p:g:;l" Abuy mm:;;lc?" ® {mg;ﬂf, i [m?'“ i ("ﬁ::;r Aby lmu:u'ﬂaT‘! i [niztr.lzl:‘ q -:mll:.:"
(T 10 1oy 1)
3.000 0420 | 2785145 | 02014854 | 0.214854 3000 0415 | 2751989 | 0.48011 | 024801
5,000 0.705 | 4075006 | 0324933 | pa24013 3,000 0.695 | 4608753 | 0391246 | 0.39124¢
7.000 1000 | 6631299 | 0368700 | 0368700 | 7.000 099 | 656498 | 0435013 | 0435013
z 9,000 1300 | 8.620689 | 0379310 | 0379310 9.000 1290 | 8554376 | 0.445623 | 0445623
= 11.00 1.600 | 1061008 | 0388992 | 0.388902 1100 1.590 | 10.54376 | 0456233 | 0456233
13,00 1.900 | 12.59%46 | 0400530 | 0.400530 13.00 1890 | 1253315 | 0466843 | 0466843
15.00 2200 | 1458859 | 0411114 | 0411114 15.00 2190 | 1452255 | 0477454 | 04774
17.00 2499 1657162 0428382 0428342 17.000 2,490 16.51 194 D AKR0G ﬂ.dﬂﬂb-il
3.000 0.399 | 2645888 | 0354111 | 0354111 3.000 0393 | 2606100 | 0393899 | 0393809
5000 0.6E3 4. 520177 0470822 0470822 2000 0.6632 4. 359921 0610070 0610079
1,000 0978 | 6485411 | 0.514588 | 0.514388 7.000 0955 | 0.332%92 | 0.067108 | 0.06710%
W 2,000 1268 | BAOR4BR | 0591512 | 0.591512 92,000 1.252 | 8302387 | 0.6976013 | 0.697013
g 1000 156 | 1034483 | 0.655173 | 0655173 11,00 1.547 | 1025862 | 0741379 | 0741370
13.00 LE5E | 1232095 | 0679045 | 0.670045 12,00 1844 | 12.22811 | 0771883 | 0771883
1500 f 2138 | 1431034 | 0.689655 | 0.689655 | 1500 | 2145 | 1422414 | 0775802 | 0375863
17.00 2457 | 1620011 | 0.706896 | 0.706896 17.00 2444 | 1620680 | 0793103 | 0.793103
3,000 0.322 | 235278 | os64721 | o.s64721 3.000 0.243 | 1611405 | 1388599 | 1388594
3000 1 0597 | 3958886 | 1041120 | 1041120 | s000 | 0500 | 3315639 | 1ese3so 1.684350
7.000 0371 | s775862 | 1224137 | 1224107 7.000 0.79 | 5238726 | 1761273 | 1761210
W 9,000 1174 | 7785146 | 1214884 | 1.214854 92,000 1085 | 7.194900 | 1805039 | 1.80s009
g 1100 1457 | 9661804 | 1338196 | 1338196 11.00 1378 | 9.137931 | 1362068 | 1862008
13.00 1745 | 1157162 | 1428382 | 1.428082 13.00 1676 | 1111406 | 1885942 | 1885042
15.00 2041 | 1353448 | 1465517 | 1465917 15.00 1970 | 13.06366 | 1936339 | 1.936139
17.00 2338 | 1550097 | 1490021 | 1496021 17.00 2269 | 15.04042 | 1953581 | 1983581
3.000 0.166 | 1.100795 | 1.899204 | 1899204 | 3000 0.063 | 0417772 | 2582230 | 2582230
5000 0304 2413703 2. 586207 25806207 000 0071 mAaTnx2Y 4329177 42277
7.000 0.576 | 3819628 | 3180371 | 3.1%0070 7.000 0.0% | 0623342 | 60)70658 | 67008
ek 9,000 0840 | 5570291 | 3429708 | 3429708 9,000 0.060 | Looloox | 7038992 | 7.038m0
2 1100 1.140 | 7559082 | 3440318 | 2440018 11.00 0376 | 2493368 | 8506631 | X.506631
' 13.00 1420 | 9416445 | 3583554 | 33583554 13.00 0676 | 4482758 | 8517241 | B.517241
15.00 1.720 | 1140584 | 3594164 | 3.594164 15.00 0.975 | 6465517 | 8.534483 | 8534483
13.26259 | 3737400 | 3.737400 17.00 1.250 | 8289125 | 8710875 | 8710875
o.00838 | 2907162 | 2907162 0004 | 00206525 | 2973475 | 2973475
5,000 0.027 | 0479045 | 4320954 | 4820054 5000 0017 | 0112732 | 4887268 | 4887268
7,000 0.037 | 0245358 | 6754642 | 6.7540642 2,000 0027 | 0.079045 | 6820085 | 6.820055
™ 9,000 0.005 | 0.620074 | 8370026 | $.370026 9,000 0065 | 0431035 | 8.568965 | 2568065
E 1100 [ N ) 0.809018 10, 19008 10.19098 11.00 0.012 0.795750 1092043 10.92043
13.00 0299 | 1982758 | 11.01724 | 11.01724 13.00 0275 | 1823607 | 1017639 | 11.17630
15.00 0.539 | 1574271 | 1142572 | 1142873 15.00 0.489 | 3242705 | 11.75729 | 11.75720
17.00 0.794 | 5265252 | 10173475 | 1173478 17.00 0.759 | 5033156 | 11.96684 | 1196684
3,000 0.021 | 0139257 | 2860742 | 2.860742 3.000 0001 | 0006632 | 2993368 | 2991368
5,000 0.038 | 0251989 | 4748011 | 4.748011 5.000 0008 | 0053051 | 4946950 | 4.946950
7.000) 0.052 | 0344827 | 6655173 | 66551 7.000 0020 | 0132625 | 6867374 | 6867774
2.000 0.09 | 0636605 | %363395 | 5363395 9.000 0055 | 0364722 | 8035278 | se3samm
E 11.00 0183 | 1213528 | 9786472 | 9750472 11,00 0.092 | 0.610079 | 1038992 | 1038902
13.00 0351 | 2327586 | 1067242 | 10.67242 13.00 0.200 | 1.326259 | 1167374 | 1167374
15.00 0.523 | 3468169 | 1153183 | 1153183 15.00 0404 | 26m04s | 1232095 | 1232005
17.00 0812 | s3s61s | 116198 | 116158 17.00 0710 | 4708223 | 1220177 | 1220177
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Figure 4.102 Adsorption isotherms of acid orange 10 on Sabvadora oleoides (SO) carbon samples



Table 4.10]1 Adso

Animal bones (ABC)

tion isotherm of acid orange 10 on charcoal samples

2060

w 10°C w45 .
2 {nm?:fm" D. De- D, [lndn.:l'm" D. D.-D, D,
= aohy | A | moldmof O | e | R Abu | tmolde’x) G0 (motgs
@ 10 10%) 0% Ll 10 n:rE:
500 0210 | 1392573 | 2.607427 | 3.607427 5.00 0.1460 | 0968169 | 4031830 | 4.031830
10.0 0.570 | 3779840 | 6220159 | 6220159 10.0 04740 | 3.143236 | 6856764 | 6.856764
150 | 09650 | 6.39920¢ | 8.600795 | 5.600795 150 0900 | 5968170 [ 9031830 | 9031830
e 20.0 14600 | 9.081697 | 1031830 | 1031830 20.0 13000 | 8.620689 | 11.37931 | 1137931
g =0 19000 | 12.59947 | 12.40083 | 12.40083 | 2.0 1.8000 | 11.93634 | 1306367 | 13.06367
30.0 2450 | 1624668 | 13.75331 | 13.75301 30.0 24000 | 1591512 | 14.08488 | 14.08488
350 3.180 | 2108753 | 1391246 | 1391246 | 330 3.1000 | 2055700 | 14.44297 | 14.44297
10,0 3900 | 2586207 | 1413793 | 14.13793 300 38500 | 25.5305) | 1446949 | 14,4609
7=‘ 5.00 0.100 | 0.663129 | 4336870 | 4336870 5.00 0055 | 0364715 | 4.635278 | 4.635278
10,0 0.200 | 1326259 | $.671740 | E.673740 10.0 0.100 | 0663129 | 0336870 | 9336870
15.0 0.340 | 2254642 | 1274535 | 1274535 15.0 0230 | 1.525198 | 13.47480 | 1347480
& 0.0 0610 | 4045001 | 1595400 15.95401 20.0 0470 | XLI16711 | 1688330 | 1638330
2 250 0930 | 6167108 | 1881289 | 18.83289 250 0.728 | 4827586 | 20.17240 | 20.17240
30.0 1440 | 9549072 | 2045093 | 20.45003 30.0 1.250 | 8.280150 | 21.71080 | 21.71080 |
350 1.882 | 1248010 | 22.51989 | 22.51989 35.0 1740 | 1153846 | 2346154 | 2346154
0.0 2442 | 16.19363 | 23.80640 | 23.80640 0.0 2320 | 1538462 | 24.61540 | 24.61540
500 | 0088 | 0.5%3ss4 | 4416845 | 2416445 5.00 0062 | 0411140 | 4.583859 | 4.588850
10.0 0.152 | 1007957 | 5992042 | 8.992042 10,0 0.100 | 0.663129 | 9.336870 | 9.336870
15.0 0212 | 1405835 | 13.59416 | 13.59416 15.0 0162 | 1.074270 | 13.92573 | 13.92573
& 20,0 0300 | 1989389 | 18.01061 | 18.0106] 20.0 0220 | 1458886 | 18.54111 | 1884111
2 260 0456 | 3023873 | 2197612 | 2197612 250 0346 | 2294429 | 2270857 | 2270357
30.0 0828 | 5490716 | 24.50028 | 24.50928 30.0 0708 | 4.694961 | 2530504 | 25.3050¢
35.0 1250 | 8289124 | 2671087 | 26.71087 35.0 1140 | 7.539681 | 27.44002 | 27.44002
40,0 1720 | 1140583 | 28.50416 | 28.59416 0.0 1.600 | 1061008 | 2038902 | 29.38992
5.00 0040 | 0265252 | 4.734748 | 4734748 £.00 0030 | 0198938 | 4801061 | 4.801061
10,0 0.080 | 0.530505 | 9469406 | 9.69396 10.0 0048 | 0318303 | 20k1697 | 9emien7
15,0 0.153 | LOISER | 12.0N841 | 1308541 15.0 0065 | DAM0IS | 450890 | 14.S0800
o 20.0 0.200 | 1320259 | 1867374 | 1807374 20,0 0084 | 0557029 | 1944297 | 1944207
g 250 0354 | 2347480 | 2265252 | 22.682%2 25.0 0170 | 1127321 | 2387267 | 2387207
30.0 0726 | 4814322 | 25.185%7 | 25.185%7 30,0 0287 | 1.90318) | 28.09681 | 2809081
350 1120 | 7427085 | 2257204 | 27.57204 350 0478 | 3169761 | 31.83024 | J1.83024
40,0 1540 | 1021220 | 2978779 | 29.78779 0.0 0892 | 5915119 | 34.08488 | 34.08483
5,00 0.032 | 0212202 | 4787798 | 4787708 5.00 0010 | ooaen3 | 4933687 | 4933687
100 0057 | 0377984 | 9.622016 | 9.622016 10.0 0035 | 0230954 | 9.7679%04 | 9767904
15.0 0092 | 0610079 | 1438992 | 1438992 15.0 0050 | 0331565 | 14.6684) | 14.66843
e 20,0 0.132 | 0.875331 | 1912467 | 19.12467 20.0 0062 | 0411141 | 1958836 | 19.58886
% 25.0 0200 | 1326259 | 23671374 | 2367374 25.0 0,100 | 0.663129 | 24.33687 | 24.33087
30.0 0340 | 225463 | 2774535 | 27.74%35 30.0 0.1600 | 1061008 | 2893899 | 28.93899
350 0590 | 3912467 | 3108753 | 31.0875) 35.0 0290 | 192307 | 3307692 | 3orem
40,0 0820 | 5417666 | 3456233 | 3456233 40,0 0.550 | 3647215 | 3635278 | J6.3s27R
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Regenerated (RG)

Table 4.102 Adsorption isotherm of acid orange 10 on earbon samples

262

at [0°C af 45°C
FE" ; [nm?,;}m'* n. DD, D, {lnn?.:!'ln" D. DD, D,
E cgh | Aba (molde™ ! (molde” x omolgx | oy | Abw (mol ™) (moldm” »| (mol.g* x
1o 1 1y I
T T %o Tome o] 1021211 | 1021221 | s.00 0504 | 3342175 | 1.057825 | 1657825
6.0 1160 1.692307 2307692 2.307692 10.0 1.050 G2 RG4 JD37135 1037135
150 1.850 12.26790 2132008 2. 732095 15.0 1.740 1153846 JAG15R JA6l53R |
v I w0 2580 | 17,1085 | 2891247 | 2891247 | 200 2420 | 1604774 | 3952254 | 3952254
g 250 3.260 | 2161804 | 3381963 | 3381963 | 250 3150 | 2088859 | 4111410 | 4111410
300 3920 | 2599469 | 4008310 | 4005310 | 300 1870 | 25.66313 | 4336870 | 4336870
350 4,680 M.0344R 1965517 1965517 350 4,570 303050 4624960 4. G400
40.0 5400 “15.80002 4,.190982 4. 190982 40,0 5300 3514588 4854111 4834111
500 0320 | 2122016 | 2877984 | 2877984 | S.00 0210 | 1392573 | 3.607427 | 3.607427
10.0 0.550 | 3.647215 | 6352785 | 6352785 | 100 0304 | 2612732 | 7387267 | 7387267
150 1al4 6.72413R B.275862 8275802 150 0.925 L3052 REOGLOAT BHGO0AT
¢ | 200 1510 | 1001326 | 9.986737 | 9986737 | 200 1420 | 9410440 | 10.58355 | 10.58355
g =0 2050 | 13.59416 | 11.40583 | 11.40583 | 250 1.950 | 12.93104 | 12.0689% | 12.065%
300 2660 | 1763926 | 1236074 | 12.36074 | 300 2580 | 1710875 | 12.89124 | 12.89124
J50 3.350 22214858 12.78514 12.78514 I5.0 3.300 21.88328 1311671 1211671
40,0 4.050 2685676 1314324 13.14324 0.0 4,020 26.65T8] 13.34217 1334217
5.00 0.240 1.591512 J 408438 1208488 5.00 0,170 1127321 LET26T9 JET2679
10.0 0.330 2188328 TR1IG6T] TEITGTI 10,0 0.272 1LEO3T4 B.19G2EG 5. 196286
15.0 0.633 | 4197612 | 10.20238 | 10.80238 | 150 0376 | 2493368 | 12.50663 | 12.50663
E"I 200 1622 6777188 13.22281 13.22281 20.0 0.686 4.549072 1545003 1545093
§ k50 1.500 0946350 15.05305 15.05305 250 1.170 T1.758620 1724138 17.24138
30,0 2472 | 1440318 | 1559682 | 15.59682 | 300 1700 | 1127321 | 18.72679 | 18.72679
350 2890 | 19.16446 | 1583554 | 1583554 |  3s0 2400 | 1591519 | 19.08488 | 19.08438
400 3550 | 2354111 | 16.45888 | 1645888 | 400 3120 | 2068965 | 19.31034 | 1931034
5.00 0200 | 1326250 | 3673740 | 3673740 | 500 0.135 | 0895225 | 4104775 | 4.104775
10.0 0300 | 1.989389 | 8010610 | 8010610 | 10.0 0261 | 1730769 | 8269230 | 8260230
15.0 0513 JAUIHET 11,.50814 150K 15.0 L el 3 2824103 1217500y 12, 17500
P 20,0 0.933 G.A87003 1381209 13.81290 20:0 0566 3753316 16, 24668 16, 24008
E 250 1400 9281819 1571618 1571618 150 0.885 5.B6HT00 19.13129 113129
30.0 2060 | 1366047 | 1633952 | 1633952 | 300 1360 | 901857 | 2098143 | 2008193
J50 2.640 1750063 1749136 174933 J5.0 1.950 12,9304 22,068 2206876
-i. 3.2 120159 17.98408 17.98408 40.0 2.540 1 6.84150 2215649 23,1549
.00 0120 0, 795755 4. 204244 A 204244 5.0 0.080 0530504 A 460800 4 460400
LK) 0320 2122016 7877080 78771980 0.0 0.195 1293103 B.T06HM B.TOLEDG
15,0 0595 | 3045623 | 11.08437 | 110507 | 150 0295 | 1.956233 | 13.04376 | 13.04376
¢ 0.0 0.995 6598143 1340185 1340185 20.0 D462 3063661 1693634 16.93634
g 15.0 1.520 10.07957 1492042 14,02042 25.0 0.802 5.318302 1968169 1968169
30.0 2.150 14.25720 1574271 15.74271 30.0 1.320 B.751115 21.24668 21.24G68
350 2652 | 1758620 | 17.41379 | 1741379 | 3s0 1.850 | 1226791 | 2273209 | 2273209
_‘Pﬂ 1250 21.55172 18.44827 18.44827 40,0 2.500 1657825 2342175 2342175
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Figure 4,104 Adsorption isotherms of acid orange 10 on regenerated (RG) carbon samples



Table 4.103 Freundlich constants for the adso

tion of dves on carbon samples

264

PT carbon PC carbon CC carbon AA carbon

Dye | Sample | Constants -
10°C 45°C 10°C 45°C 10°C 45°C | 10°C 45°C
. n 129750 154320 | 157200 165280 | 1.05930 1.11060 | 165670 251630
. — Kmolfg) | 96,1200 195010 | 1133.08 134184 | 174680 22.2260 | 254.140  700.780
;ﬁ p n 136810  1.54790 | 2.17060 2.62950 | 2.03540 227940 | 152340 1.71930
2 K{molig) | 157.890 399.015 | 6933.36 145653 | 374508 6129.69 | 650.530  1390.05
=< 806 46 n 103530 1.36740 | 207510 2.54640 | 2.61020  4.28080 | 2.39060  3.23720
K(mollg) | 205.550 581,140 | 1245001 284869 | 112048 543301 | 754304 228338
o | s n 129930 1.407000 | 1.226600 1.538400 | 1.532300 2.225600 | 1.301570 1.981300
3 Kimalig) | 247.002  369.0700 | 242.7900 937.2960 | 769.0060 5$501.630 | 233.2010 3428.570
= z n 1845300 1.829800 | 1.716700 1.480800 | 2.675900 2.694600 | 2.012000 2.085900
E e Kimelfg) | 1197.030 1576.870 | 1816.740 2858.350 17118 19076.26 | 3928.050 4227.220
E p— n 2284600 2774600 | 1.788500 3.155500 | 4.389500 4.192800 | 3.095900 3.002100
K (malig) | 4886.830 10738.59 | 1521.870 1149652 | 25667.99 57068.06 | 11608.58 20696.08
G b o n 4424700 4.446400 | 1786030 2.193460 | 2.09900 2.930800 | 2.095000 2.602800
‘;‘ K(molg) | 1145960 4575240 | 2148230 5389.450 | 4920.17  15605.80 | $352.930 11036.90
% 400 °C i 2391200  3.743900 | 2.538070  2.805800 2.97973 | 3705070 | 3.743910 3,228900
= , K(molg) | 6236.030 8795.530 | 8720.220 11434.61 | 17726.92 25977.86 | 7958.530 17285.00
'E 800 °C n 3.010200 3.396700 | 3.675100 4.904300 | 4.338300 4.312200 | 3.968200 4.308400
K{mol/g) | 11885.80 15633.90 | 22606.60 4152290 | 34961.40 32565.20 | 28767.40 32663.00
: | Rew n 2693200 4.198100 | 1906900 2.017300 | 2754800 2.726200 | 2.468500 2.706300
'; K(molig) | 8031.280 3192040 | 2504.130 2684.900 | 6732480 1004670 | 7841.610 10547.03
.___E 400 n 3306800 $.628100 | 3.900300 4.221100 | 3.629700  3.193800 | 3844600 1210000
= K {malig) 1 1395090 9287490 | 2674225  29260.68 | 7450220 1185138 | 7532630 1257200
E 800 °C n 3.937000 4514600 | 3.510000 3.517400 | 4.340200 4.242600 | 3.938500 4.314000
K(molg) | 21431.13 207108.8 | 4719295 44951.20 | 1042539 23956.60 | 22811.04 2584890
. (. n 2182900  2.701200 | 2.763900 2.659500 | 2.452700 2.868600 | 2.327200 2295600
o K{molg) | 3803.200 8120.860 | 8617.060 10868.20 | 6562.900 11580.70 | 5495.500 12817.90
& 400 °C n 3711950  4.040400 | 4.580800 4.580800 | 4.484300 1.907700 | 4321300 4.623200
_g K(molg) | 19964.20 23552.80 | 26238.90 41522.80 | 34682.80 $9159.90 | 32273.40 36534.00
'E.: $00 °¢: n 6.426700  6.816600 | 5858200 5.724000 | 4.359100 4.559900 | 6.297200 7.374600
K(molg) | 6029470 62317.60 | 5031205 1237476 | 67914.17 71539.14 | 59635.10 72547.70
- n 6.335900 2.391700 | 3.581600 3.496500 | 2.619100 2.839200 | 2.857100 2.765400
= K (malig) | 2489.900 9751900 | 1857.500 4424.800 | 12175.70 * 13824.50 | 8448.900 11648.11
%’ dﬂﬁ "o n 3.724300  3.878900 | 3.790700 3767800 | 5.467400 5.408300 | 4.780100 4.545400
] K(malg) | 2081230 22270.09 | 3284.590 2304020 | 2490930 52052.07 | 23980.50 36717.17
";% 8§00 % n 6172800 5851300 | 5941700 4.784600 | 6.238300  5.608500 | £.006400 £.271200
K(molfg) | 55938.04 4747696 | 53583.68 32500.15 | 5927838 1253669 | 68734.05 92503.30



. Tahle 4.104 Freundlich constants for t

he adsorption of acid dves on carbon samples

‘_" == =
Constants
10*C
Riis n 0.7971000 10558000 XXX ARKN xx ) xx .w
K(melig) | 1.2831000 26488210 XAXX KXXX XXX XXXX
- e n 1.2328900  1.3633200 XNXX XXX 25726700 40404000 |
) K (molig) B1.255600) 132.71440 XXXX AXNN 1650.9300 $635.8300
= 600 °C n 2.0247000  2.0916100 | 1.7337000  2.3969300 | 1.7476400  2.3185700
= K(molig) | 1771.8800 20184700 | 238.60200  1089.4190 | 14444.940 22334770 |
.E 800 °C n 37821400  4.8971000 [OG61800  3.2701100 | 2.2872800 33322200
5 K {molfg) 17832390 19239.100 42419700 J30NIT00 | 20496.300 86016220
900 °C n 40371400  4.6728000 | 24691300 37230100 | 2.7901700  4.0502000
- | K (malig) 12165.990 15773710 1256.6400 4727.8900 | 46774.800 416565.90
1000 °C n 32E02.500 43739.190 2510.4060 SE22.5800 139455.30 400953.20
K (molig) | 328D2.500 43739190 25104060 58225800 13945530  400951.20
Rai n -1.9073000  3,1635500 XXXX XXX KNXX KXXX
K(molig) | 347.90300  2518.70400 AKX HNNN HENK RENXK
400 °C n 23026900  4.17710200 KENN XXX 2.3792000 A.4176000
o K (mal'g) 1882.5800 4370.7900 KEXX XEXX 485.28500 14616410
E 600°C n 3.5906600  5.2854100 | 1.8185100  3.9062500 | 4.7573700  3.0731400
f Kimolfg) | 32731200 612111700 | 1099.5900 0870.4400 158_9_2200 6415.5900
2 = n 49382700 63816200 | 3.7664700  2.0708200 | 6.5876200  18205.800 |
% e K {molfg) | 5751.4080 14726100 2517.9490 10779480 | 4919.6800 18205 800 l
P 900 °C n 54112550 G.3371300 4,31994700 2.1701300 59808600 G.8352000
Koty | 63252100 8063.4700 F259.0520 20795900 | 9s5T.elun 22426500 |
- 1000 °C n T.2TE0200 6. 7476000 44365500 27586200 | 6.1652000  2.8312500 |
K (mol'g) 8820.2010 56528.480 30570.780 E4288.410 17625460  32128.530 ||
Raw n 0.8249400  2.1222400 XXX XXX XXX XXX i
K {molig) 23.657900 EQ15.0800 KEXX KXXX KXXX KXKX |
400 “CI n 27300000 2.1052600 XXX XN 28514300 3.5BB0B00
- K(molfg) | 69214810 39359200 KNAN KEAN 15368600 2521.7200
t;' 600 °C n 1.9327400 2.E498100 2. 1786400 16036000 | 4.6019300 5.0403200 |
g K {molfg) 1870.6900 6796,7500 325.02400 1551.8450 3139.4400 15414800 |
?-J-. 800 °C n 2.5335600 3331100 2.7107610 32927200 | 4.6E1G400  4.0048000 I
o Kimolig) | 4503.4900  8§950.4000 | 4959.2000  §204.1800 | 7593.1300  4540.5300
< 900 °C n 50175600 6.6401000 3.0712500 46750800 | 4.0783000 1.9824000
K {molig) 12837.160 19289. 180 65991750 18107.830 14181.590 32679.390
1000 °C n 4£.2390800 T.9428100 7.8988900 TAG26800 | 6.7934700 74183000
| . K (malig) IE!MT,EI _ 25351‘. 16293.140 20637.620 220‘94.551] 3?I45,T'D 3

e




Table 4.105 Freundlich consta

nor the adsorption of acid dves on carbon samples

Dye | Sample | Constants A) SrheN AR churcas) RG carbon
n"c 45°C 10°C 45°C *c 45°C
.I S n 1.8497900  1.7108000 XXX XXX XXX o xx.u- -
! K {molg) | 36241800 1023.5100 XAXX XNNN XXX XXX
' ot n $296.5900  9954.6900 XX5X XXXX 922.88070  1018.5140
| - K{molg) | 82965900  9054.6900 HXEX KEKX 92258070 1018.5140
! ‘;" 600 °C n 4.2607500 4.8756700 1. 4723200 21673160 J.QZSGNI 4.2122000
| g K (mal/g) 18670.490 21899.080 §5.942300 475.13540 2053.7700 $518.7100
g‘ . 800°C n 61199500 58343000 | 4.1580000 49504900 | 4.5187500  5.2465000
E K {(molfg) 221 14,740 46202990 2254.3100 3022.0700 6039.0370 761138100
900 °C n 68119800  6.4267300 | 49736500  15.015010 | 4.7393300  5.50055000
' K{molip) | 23694540 49463970 | 30809700  9649.8700 | 6477.5600  8050.58000
1000 °C n 13.623970  7.6103500 | 4.8732900  4.1666600 | 50813000 577700000
Kmollgh | 38793100  56398.6200 | 216011100  30625.8350 TI495100  BS21.00000
Raw n 1.3931400 1.8335100 KXXX KXXX XKXN RXXX
© | Kimalg) 147.62800 531.92300 XXX HAXN KXXX XXX
400 °C n 18960900 1.8436500 XXX XK 2.3232000 36218700
K{moliz) | 651.12300 930.29300 XXX KKK 26629700  4170.9500
E 600 °C n 1.9040300 1.9164400 2.47R9200 23657000 1.3324400 1.6BGG200 ||
E K(molig) | 13282260  1573.2500 | 30253100 44620700 | 51404400  29569.500
| _; 800 °C n 1.9230700 2.9316900 1.1336500 1.4858000 LIT7TT900 1. 4843000
E K (malfg) 2263.3400 4041.2120 T78.309200 19290500 ! 12269.800 32305.700
900 °C n 33955800 39184900 2.2614200 L 1565600 1.1072900 1L.4637000
K (malfg) 27254800 1003.3800 106. 83600 17029500 19164210 1468 10,80
1000 °C n 5.0327100 5.3219700 46019300 7.9872200 1.2232400 1. 4442500
. K (mol'g) T4ES. 3200 T821.5900 1017,5900 2476.7400 21343.440 221460.60
Rusi n 29726000 30835600 KXKX XXXX XXX ANKX
K (molig) | ' 59491200 15367.340 KNXX XXXX KXAN XXXX
i 4605 n 26028100 2.5000000 XXX XXXX 16909000 23815100
- Ki{molfg) | 23411910 13423.010 NEXX XKXX 269.88600 34285200
: - n 1.6010000 7.1073200 2.0379000 2.3934000 1.8181800 24764000
{l:':":|I 600°C Ki{molig) | 47051.590 145509.90 10.77.1700 192311200 | 700.36300 23E1.5300
_E "800 'C- n 1.B759600 4.5808500 1.7630400 1.98728000 2082800 L IETT000
‘g K(maliz) | 65322800 141209.50 3253.8600 14650.0600 | 914.42900 1049.8400 |
e 900 °C n . 3.2020400 214916200 2.1561000 1.93986000 | 2.1021600 |.14m|m'
K (molfg) 17693.710 220113.80 T798.6000  58413.3000 | 2322.2600 4827.5700
= n 28702600 4. 3687000 1.7667800 1.92490000 | 2.3523000 1.6447300
19007 K (molfg) 3425250 3154000.80 13442810 113493.400 | 3751.8600 12667.560
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Figure 4,105 Freundlich plots for the adsorption of acid blue | on 800 °C activated carbon samples
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"Figure 4.107 Freundlich plots for the adsorption of acid yellow 29 on 800 °C activated carbon samples



In Dg

InDg

InDe

“nat |
i Ll ol [T T

«al |

NTE

1

A28 |
|

At 3 «Il

| —— T

A1 i RO T O auvmad enhon

LAl bl R A LR TN [ o
W= mns

LR B LT I o]
R = nyde

270

BLE} =i

InD,

y= 0 25045 « 0,283 (w10 0}
RE= (978

¥ o 0T 0GR ful 43 "C)
B =0y

1 g - — - -
|
PO T i i it LR LS R S TR e o]
| <113 K =y
I
i ¥ = IR - 10 7140 420 45 °C)
| B =
h . M
| =
—
! HLE] =
|
+A
'
1
| a8 !
a3 Al = TS S — . = 3
A2 =il R =i & spnd shin 2 T 5 A
In Dy
allie= .
A BOOC peliveed esibon o= 0 IR - B0 DAN fan 1070
SN b
| | y om0 2AI - 10 L0 43T
= 1 umen

I
4 . T aal
i . & Lk - - a1 NEE) Al A AN e
i In 1, In Iy,
- |
: " ; & 43
& = 130T -0 T fak [0 °C)
AL E Y0 sew skl b i i | ! ¥ = 83805 - T F0n (w0 16°0)
& = 89671
- o ro—
CRS TR L T ] 4 BT scnied b ¥ =0 30dn - R OLIT fm 43 T
=0y [ ST e § ¥
l ! R -oates
=T .
P ™~ n
- = N = n
=12 — L
I |
il
ald |
! !
as ! !
| |
_“,,!'_ H e e ...,_.J | :
4y A il L] wt R 83 A KT <11 .4 N e = —— e e e ;
In D ALY =10 =0 1] <03 % | &) u
@
In Dy

Figure 4.108 Freundlich plots for the adsorption of acid yellow 34 on 800 °C activated carbon samples
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Figure 4.110 Freundlich plots for the adsorption of acid orange 10 on 800 °C activated carbon samples



Table 4.106 Langmuir constants for the adsorption of dves on carbon samples

| Dye | Sample| cConstants PT earbon PC earbun CC carbon AA carbon
10°C  45°C 10°C  45°C 0°C  45°C 10°C  45°C
i b(mol.yg") | 0.17424 017689 | 0.06895 0.08769 | 0.08010 0.08835 | 0.06980 0.08440
= K;(dm’. g') | 238468 260660 | 3.96970 492320 | 3.73610  5.35410 | 3.15230 554120
= 400°C b(mol. gy | 021262 0.23816 | 0.08755 0.10589 | 010410 0.10925 | 011530 0.12120 |
| 2 Ki(dm'. g') | 140240 1,68930 | 3.84450 3.78990 | 5.04330 7.52800 | 2.10650 2.79850
= 800 'C b (mol. g'") 039551 042303 | 000310 012772 | 011666 0.12300 | 0.11910  0,12840
K (dm', gy | 496530 579520 | 3.74150 3.71440 | 6.86570 21.1940 | 6.20030 9.56423
| Riiii b(mol.g") | 0.13601  0.14053 | 0.16463 0.18505 | 0.18456 0.19940 | 0.18274  0.19551
' o Ky (dm'.g'y | 054370 075450 | 0.20490 05213 | 0.60020 1.21600 | 0.46350 0.64770
-_E 400°C b(mol.g") | 0.20988 0.22699 | 018428 0.28498 | 0.19845 0.22076 | 0.18511 0.20372
8 Ki(dm’. gy | 0.82360 1.09600 | 0.62240 0.48550 | 177410  2.46960 | 0.90550 0.95040
E o b(mol.g") | 022833 0.24992 | 0.24443  0.3338 | 0.34953 036542 | 032646  0.35355 |
K, (dm'. g") | 217950 295750 | 083840 2.44180 | 534260 6.51720 | 1.98910 2.17320 |
o | Raw | 2(mole’) | 022054 025449 [0.25456 029676 | 022837 026965 | 0.25336 0.26495 |
| g Ki (dm’. g'") | 0.84060 229760 | 031890 0.44490 | 0.43680 0.87280 | 0.35760 0.66220
i % | pp— b{mol.g") | 043079 036657 | 0.28238 0.38467 | 0.34079 0.35100 | 031568 037310
= K;(dm'. g") | 030680 08960 | 0.42630 0.41980 | 0.36520 0.70890 | 0.50910 0.72645
'. & ssorc b(molg") | 0.47474 045486 | 0.33079 039584 | 0.35046 039668 | 038510 039307
| Ki(dm'. g") | 039960 06780 | 0.71950 097430 | 0.73540 0.79070 | 0.59070 0.80700 |
| & Raw b(mol.g") | 023921 028124 | 034508 0.35098 | 0.25158 0.29492 | 0.28161 0.25779 |
‘; K;(dm'. g') | 1.88490 3.89700 | 0.35090 0.54970 | 0.77910 1.08250 | 0.75430 0.93010
| =2 - b(mol.g") | 0.29130 039345 | 037720 0.39209 | 0.38892 0.41790 | 0.37947  0.41490
2, g K (dm’ ¢ | 1.57020 2.45470 | 0.86591 1,02670 | 0.99880 1.23250 | 0.89350  1.09810
g —— b(mol.g") | 0.44708 0.43412 | 0.45076 0.45648 | 0.42961 0.49529 | 0.45151 0.48379
) K; (dm'. g')- | 1.07630  1.77630 | 0.68180 0.79100 | 1.11600 1.35730 | 0.52380  1.28060
bimol gy | 0.24330 030462 | 027026 027568 | 0.22801  0.28213°] 030512 0.31448 |
E} Rk Ky (dm'. g') | 102160 1.62560 | 0.80060 0.92380 | 1.27890  1.45790 | 0.77690  0.88560
. E 4t 56 bmol. g") | 0.39027  0.39568 | 0.35819  0.36269 | 0,35434  0.38482 | 0.35608  0.38322
.g Ko (dm' gy | 134390 1,74420 | 181900  2.10080 | 1.65170 1.74420 | 1.43980 1.65720
‘% 5000 b(mol. gy | 0.39407 0.40228 | 0,39796  0.40630 | 0.44265 0.44600 | 0.38476  0.39888
Ky (dm' gy | 216770 200700 | 232170 293420 | 1.82120 242230 | 216710  3.15660
- R b(mol. gy | 0.27360  0,31010 | 0,22006 0.23343 | 0.25775 0.26848 | 0.25259 0.27894
ol K; (dm’ g"y | 0.69270  0.9040 | 0.82000 0.78710 | 0.58560 0.89120 | 0.84130 0.97270
E’ 450°C bimol. g') | 0.38313 038424 | 037126 0.37322 | 0.32966 0.33981 | 0.33584 0.36797
o : Ky dm’, g") | 1.27620 1.51070 | 0.95641 1.08070 | 198360 2.09700 | 1.36440 1.46130
E o b(mol.g') | 0.38808 0.41354 | 0.38975 0.42279 | 038871 0.40175 | 035311 039143
| Kitdn'. ') | 252030 237840 | 1L.87140 193680 | 1.86520 2.25100 | 2.01920 2.84263
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Table 4.107 Langmuir constants for the adsor

tion nl'rh'es on carbon samples

Sainple St 50 earbon AD charceal RG. earbon
10°C is°C 10°C 45°C 10°C 45°C
—_— ——— ] B e
Raw b (mol. g 0.339000 0.463910 XXX XXXX AXNK XXX
K (dm'. g 0.417000 0.516423 XXX XXXX RXXX XXX
400°C b (mol.g’) 0.624220 0.796050 KRN XXX 1.869510 1.997600
Ky tdm® 'y | 0245800 0.321200 XXXX XNXX 0.468800 1.271500
o 600°°C b(mol. g™ 0.527670 0.875580 1.038420 1.137650 3048780 1.281920
= K dm. gy | 0.739400 0.839600 0.798100 1.716400 0.987000 1.499500
B 800 °C b(mol.g’) | 0.666000 0993340 | 1.686910  2.074690 | 3.463803  3.845110
< K@ gy | 3227600 5.534300 0.755500 1.826400 1.396700 2313700
900°C b (mol.g') 1067660 1.601020 2.023880 2.474020 4.156275 4478280
Kip@dm®. g"y | 1553270 1837060 | 0.996300 2.304400 1.903400 2.313700
1000 °C b (mol. g™ 1. 408650 1627600 2436765 2773070 | 4.599820 4.835589
K (dm. ) 3.295700 4.679300 1.257600 3.357600 1.269100 5.891700
Raw b (mol. g 1.767720 3.322300 XNXX XXX XXX XXX
K)(dm'.g" | 0052631 0.199400 XXXX KKKX XXX XXX
400°C b (mol. g) 2007630 3.306870 XXX XXXX 0.448792 0.692664
o Edm’ gy | 0.254600 0.363400 XXX XXXX 0.085000 0.219000
.E: 600 °C b (mol. g™) 3.304690 3377230 | 0.937209 1041120 | 0.606423 1.178689
| = K,@dm’. g | 0267100 0.655000 0.156600 1.001900 0.321600 0.409900
__E 800 °C b (mol. g") 3.327780 3.494060 0.969086 2.088118 0.820479 1.235483
. ’E K, @m'.¢") | 0506400 1121910 0.771500 0.561800 0.544500 0.623100
900 °C b (mol. g) 3.371540 1486750 1.042752 2.070390 0.976650 1.309760
Ky fdm, ¢y i1, TGS LIBSI20 LALSM0 0.728300 (0,5 2050 W48 T000
1000 °C b (mol. g") 3455420 61412 1140771 2.407890 1346619 1426126
K (dm. gy 1.483200 1.588600 |.735800 L 1ga3nn 0.214800 1.0 0900
Raw b (mal. g 0.25 1490 0,277307 RXHN KXNX MMM KNHX
K, (dm’. el Q.0IB0O0 0.123100 KXXX KEXX KEEN EXNX
400°C b (mal. g 0.396290 0.621389 KXKR XXX 4.008020 4.353500
- Kidm'.g" | 0175870  0.043000 XAXX XXXX * 0.154400 0.247400
‘; - b(mol.g") | 0.855724  0.861400 | 4.120310 5691519 | 5274260  5.356180
= K, (@m’. g") | 0.119350 0.232600 0.324300 0.589500 0491700  0.614100
Ew 200 °C b (mol.g™) 0.856160 0.929280 6.305170 6.493500 5.509642 5.449590
E Tl Kpeam' gy | 0189700 0.332300 0.336000 0.557300 0.860100 1.694300
900 °C b (mol. g™) 1.338860 1.352080 6.459948 6.906077 6.333120 6.514657
K; (@m'. g 1.091600 1.776100 0.498300 1.158400 | 0.592200 0.813800
1000 °C b (mol. g) 1.424901 1.464129 7.230657 7.462686 7.656967 7.782101
K (dm’. g 1.027000 1.828150 2.191700 3.244500 0.706700 1626500
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]

Constants

b (mol. g

S50 carbon

Table 4.108 Langmuir congtants for the adsorption of dyes on carbon samples

RG earbon

10°C 45°C

- 0.853387

45 °C

KNKX

*'c 45°C

R 1010200 XXX KXEX
Ky (dm'. g B.621000 17.13900 AXXN NXKN NKNN NXXN
a00°c | 2ol g’} | 0875500 1350438 XANX XKNX 3759398 7.874010
- Ky (dm'. gy | 0.096500 0.16430 KNAX ANNX (0.032800  0.045300
'; 600 'C b (mal. g (1.937380 | 435956 4.74380) 5.402485 8.110300 5. 149950
% K (dm’. g")y | 0.195000 (.275300 | 0.080800 0.166400 | 0205500 0241700 |
; 300 °C b (mol. g™ 1.292150 1.580270 | 6.729475 7132667 | 8.149959 £.333330
b Ki (dm'. gy | 0395600 0373900 0.335900 0.410600 | 0312770 0.407100
900 °C b (mol. g™) 1.376841 1.643925 7.022472 7.142857 | 8333330 5.431700
K; dm'. g") | 0.495400 0467700 | 0410400  0.589200 | 0349500  0.473400 |
1000 °C b (mol. g™y 1417430 1.767096 7.645259 $.223684 5.847953 6.234414 |
K;@dm’. g") | 2100300 1.216450 0.474900 0.926100 | 0.586800 0.747000 |
. B - b (mol. g") 1.496334 1.572079 XXX XXX XXNX XXX |
Ki (dm’. ¢y 0.150950 0.22626 XXXX XXKX XXX XXXX
400°C b (mol. g™ 1.702997 1.527819 XXX XXX 2490660  2.636435
= Kitdm'. g" | 0215700 0.267700 RXXX XXXX 0.189460  0.510150
% | o b (mol. g") 1.847060 2023470 | 5.665720 6.353240 | 5.194805 6.357279
E K dm’.g"y | 0.261360 0.283600 0.296700 0.504300 0.259200 0.515300 |
§ 800 °C :br,mul. g 2515090  3.679176 7.993600 8.583690 | 7.968127 5.944543
E K @m’. g% | 0.508700 1.280260 | 0.551800 1.008650 | 0490230  0.582200 |
900 °C b(mol.g") 1537318 4.253509 8.110300 9.615380 §.203445 9.512888
K wm®. g 1429900 1037460 1771550 1 SYRGIN 0, 254200 0.312500
1000 °C b (mol. g") 4113533 4773269 10.26690 1392757 | 8.312550 10.16260
K dm'. ¢y | 0.504400 2.277100 | 3.746160 1282140 | 0476200  0.855700
Hiacy b (mol. g 0.050191 0.05682] KXXR RXKN XNKX Xk |
K dn. gy | 0336300 0.384990 RXXK XEXX XXX XXXX
] 400 9 b (mol. g™ 0.089598 0.094500 XXXX XXX 0.565003 0.583976
o K, @m’. g | 0237700 0.341800 KKXX XNXX 0.07670 0.127600
.%-;u 600°C b (mol. g 0.172155 0.204616 1.804729 1.924557 | 1.634789 1.651800
g <) Kp@dm'.g"y | 0397100 1214720 | 0156010  0.633170 | 0.161480  0.199800 |
_S: 800 °C b {mol. g™ 0.403647 0.927040 1612716 4,965243 1.997204 2293577 i
'S K @dm' gy | 0.835300 2,144500 | 0.362900 0.401400 | 0225400  0.316600
% 900 °C b (mol. g 1.118818 1,24254 4992511 6.653359 2,156102  2.951590
K (dm'. g 4424700 T.01040 0.492500 0.669100 (0. 246200 0.242900
L0605C b (mol. gh 1251000 1.418239 7.412899 9.407337 | 2.049180 2.687449
K dm. g™ 2.712200 9.145260 0.450010 0801000 0.310200 0:440300

e e e e — e e
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Table 4.110 Gibbs free ene

rgy (AG®) for the adsorption of dyes on carbon samples

i Dye | sample | Krandac? PT carbon PC carbon CC carbon AA carbon
i n*c 45°C 10*c 45°C 1*c 45°C *|] w°C 45°C
K Raw Ky(mot') | 987380 100260 | 390730 40692 | 45391  sooe6 | 1o.ssa 47828
; = © | AGC(KLmel"y | 108054 12,817 | 862420 1023265 | 897601 103463 | wesie -10.2254
' % 400 °C Ko (et 'y 120487 134960 | 496130 600060 || SE.9914 61.909 65338 8.682
% AG (klmol) | -112738 120680 | 9.18620 -108251 | -0.59354  -10.9076 | -2.83390  -11.182
< S 56 Ke(lmal'y | 224020 230720 | SEA240 723760 | 66009  69.7016 | 67402 72.762
AG*(RLmol’y | 127341 44869 | 05708 113206 | 986160 112211 | w01027  -113347
| Rt Ko {f ime') 112340 116070 | 135980 152830 | 152445 o470z | 15004 161489
v AG® (kLmot 'y | 110091 12,5694 | -11.5584  -12.2071 | 108274 134046 | 118342 -13.5512
—E 1 100 Ky (f mal ™) 173359 187490 | 152210 235390 | 163917 132340 | 15289 168.27
= AG®(khmol’) | <12.1208 138377 | -10.9981  -12.2487 | -10.9981  -13.7636 | -11.8342  -13.5512
. ‘E 800 °C K (! mel') 188,500 206430 | 201890 275370 | 288710 201833 | 26965 202
| AG(khmol') | 123279 -14.0916 | -13.3302  -150961 | -13.3299  -150961 | -13.1692  -15.0087
‘ ) Raw K (f mol") 125.70 14505 | 145090 169050 | 130066 15369 | 14441 151.02
‘ ‘; AG (kimal™y | 113735 130586 | -10.7100  -13.5650 | -11.45%6 133116 | -11.6999  -132653
| ‘% 400 °C Kyl mol™) 24554 20894 | 160950 219250 | 19424 20006 17993 21265
- AG (kLmol™) | <12.0480 140236 | -11.9851  -142301 | 123974 cpa0087 | -i22178 14701 |
: E 200 °C Kr{fmof'y | -27059 25926 | 188210 235221 | 21685 226090 | 21949 22404
| | AG*(ktmor") | -134774 .146941 | -123232 143219 | 126565 -143321 | -12.6850  -14.308]
- R Ky (! mal" 99226 116660 | 143140 145590 | 116802 12207 1677 11938
| '; AG® (kfmol’) | -108170  -12.5827 | -11.6792  -13.1685 | -11.2007 -127026 | -17.2001  -12.6437
It % 400°C Kr(fmot'y | 120870 163210 | 156470 162640 | 161.33 17335 | 15741 172.10
| >, AGT(RImol®y | -11.2813 134705 | -11E887 134013 | -11oe0h  -1362us | o-11o028 -l Leiud
é 200 °C Ky {f mol™) 185450 180,070 | 186080 89350 | 17821 0545 18729 200.68
AG"(fool") | -12.28858  -12.7304 | -12307% 138633 | -12.1947 40790 | 123017 -14.0061
: Ko (f mal"y 58266 106710 | 94080 uesto | o870 oksvo | 124745 11047
— Raw
o AGP(KLmot"y | -10.4603 123471 | 107067 120831 | -10.3065 121443 | -10.3585  -12.4315
E 400 °C Koy (el 136070 138,620 | 125480 127000 | 124030 13AEID | 124740 134.250
_g AGE (kfanaf™y | -10.5712 130387 | -10.3694  -12.8085 | 113439 129651 | -11.3554  -12.9541
] 800 °C Kp(/moly | 138050 140030 | 139420 142340 | 155070 156250 | 134790 139740
AGP (kLamot™y | -11.5940  <13.0832 | 106072 130088 | -11.8675  -13.3553 | -10L5377 -13.0600
& Mo Ke(lmel'y | 123370 131910 | 93610 99290 | 109640 114210 | 107450 118650
":_,‘ ACP(kSmal ™y | -11.3371 120026 | -10.6799  -12.1368 | -11.0818  -12.5260 | 110044  -12.6275
, %ﬂ . K (f mol"y 173320 173450 | 167.950 168840 | 14930  153.7207| 151930  leodo0
'i _g e AGP(hmed'y | -1201203 126314 | -120552  -13.5602 | 107756 1321 | GLLRI -135226
N E %009 K ( mol") 175560 187070 | 176310 191,260 | 175840 181740 | 159740 17707
AGT {-‘}_ 12,1595 .l:..lt.l ,nz.lrm ,l.. -1].?:‘-43 119374 -13.68B62
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| [
! Dye | Sample Constants AL caroosl '
; 10°C 45°C
! = i ----- — m— !
Raw Kyl mat"y 192104 2628890 XKEX xXXX XXX XEXK |
AG" (kL imresly <12.3714 «14,7308 HNEN XXXX xR KK
K (f mal! 351,73 .
400 °C {1t :L 3 451,106 XXX KNNX 105941 113199
AG (ke mal "y -13.8078 -1 6.1 584 XXX NRXX -16.3888 18,5909
- Kt {l mof! 209,020 496,173 4 .
@ | e00°C :f }r 588,450 644,680 1727.68 1859.79
= AG® (kf miat ) 134125 164102 SEXER -17.1024 -17.5395 19,0035
2, Ky (f mol”? 377.410 5624906 955 940 175,69
E 800 °C :t }; 1292.86 2178.04
AG" (kL mal 'y -13.9603 -16,7438 =16, 1404 -18.6910 -16.8573 -20.3222
900 °C. Ko (4 ol ' 605,022 907.200 1146.89 1401.90 235528 2537.75
AGE (kS mat"y -15.0707 | 80057 -16.5755 =19.1563 -I18.2686 20,7252
' 1000 °C Kyl mal) 798.253 922,330 138087 1571.44 260662 2740.23
AG® (ol -15.7228 -18.049) -17.0123 19,4581 -18.5072 -20.9282
Raw K1 (! molf") 1460.12 2744.18 RN KEXX Ko KAXK
AG°(kmol"y | -17.14359 -20.9320 XN XN X% XK
°C Kyl molhy 165828 273144 000 XXX 170690 572.130
= AG®(k/mot"y | -17.4430 -209197 XKXX ot -13.9180 -16.7868
E °c K+ mof’) 2729.60 2789.60 774.130 £59.950 500.890 973.580
o AG" (K mol ™) 186156 209754 -15.6506 -178642 | . -14.6263 18,1923
=
| = 406.°C Ky (f mol™) 274487 2886.05 £01.0% 172476 677.700 102049 |
E AG*(tmal'y | 1863210 -21.0653 157012 ~19.7042 -153376 -18.3167
' 900 °C Kt (f mol") 2784580 2880.00 861.300 1710.12 806,700 1081.85
i NG (kL "y ~1R.6027 <21 0897 SELHT 16K1T A5 TATH JAKATIO
H Ryt mal ') hEERE pIT R W42 2l [IRH.8Y 111229 1171
1000 "C . :
AGE (K mal "y -18.7206 21,1526 STSTET 210809 -16.5034 180001
Kop (d meast ') 141,340 | 58.060 KRN AEXN KANN XENK ,}
Raw A |
NG (S el ) «11.6824 -1 12457 KXNN XAXN HXNA KNXN
400 °C Koy i el ™) 25870 154,180 KENN KENK 2284.50 248140
= AGT (el 12,7524 15,5180 AXEX ANEN 181968 “20.6659
‘;‘ 600°C Ky (I mot!y 487.740 490,981 23485 3244.03 3006.22 3052.90
= AG® (ktmel™y | -14.5637 -16.3824 -18.2618 2213744 -18.8428 -21.2138
[T
= | s00°C Kt (fmol') 487.990 $29.670 15918 3701.165 314038 3106.15
.=
3 AGE (kS ol ") -14.5649 -16.5829 19,2624 -21.7229 18,0455 -21.2596
: 900 °C Ky (I mal™) 763.120 770660 368204 191633 3609.75 nan
AGe(kLmot') | -14.5640 -16.5829 -19.3198 -21.8858 -19.2732 21,7316
1000 °C K (f mal™"y 812165 834.52 4121.33 64924 - 436430 441560
' AG" (L mel ) 157038 -17.7848 -19.58%) -23,2088 -19.7198 -11.3015




Table 4.112 Gibbs

free energy (AG®) for the adsorption of dyes on carbon samples

278

}*1: sl Ehosiaen SO carbon AB charcoal RG carbon
10°c 45°C 1°*C 45°C 10°C 45°C
B Kt/ mal 253,990 419.040 XN KXY Xy o
AG" (khwoal ') |- 147708 -15,9634 K REAK XXX ERNN
400°C K1 (f mal™y 363,166 560,170 XXXX REXX 1559.40 3206.20
- AG" (kL imal 'y -13.8608 -16,7309 Ay KXY -17,2084 -21.3924
! "; 600 S Ko t mat !y 388830 §95.650 1967.78 2241.00 3364.20 3380.90
o 2 | AG (kLmat') | 140304 -16.8932 176450 -20.3965 -19.1075 -21.4837
é $00°C Kt (/ mal’) 535.990 655.510 271.400 2958.70 3180.70 345670
E AG*(kLmol'y | -14.78%8 17,1465 -18.668) 211310 +19,1189 -21.5423
900 °C K1 (l mol") 371120 681,910 291250 2962.90 345670 3497.50
AG* (kLmal ') 14,9350 -17.2508 -18.6683 211310 191713 215733
1000 °C Kt (l mol") 587.060 733.010 371,33 3411.27 242570 258000
AG® (klmal’y | -15.0034 174419 -18.9686 21,5073 -18.3379 20,7751
Raw Kyl ol 524210 550,750 NXXK NN KNEK XX
AG® (kdmoal ™y -14.7313 -16.6861 XXX xXNX RARE XXX
400°C Ky (! mat') 596,610 (40,240 XXX KXXK 872550 923,620
- AG™ () mol") -15.0377 «17.0845 Py AXXKE «4.50034 -18.0530
2.1 so'e Ky (f mal”) G47.080 708.880 1984.80 222573 1819.89 2227.10
E AG*(kimof"y | -152288 -17.35M -17.8659 -20.3784 176618 -20.3800
:; sioic | ©U mol"y 881.110 1288.90 2500.40 300.120 279150 313354
E AG (klmat’y | -159552 .18,034) -18.6750 21,1730 -18, 6084 212821
900 C Koy (1 mol ') 12392 1490.10 284130 II0K.50 893,90 3330.06
AL kL 1y L TET A TG 8T S r AL <LK T M A5
1600 °C Ky ! ol ") 144100 1672.22 3390.50 4879.30 212,10 3500130
AGH(Lmel"y | -17.1127 10,6324 192647 224536 -18.7679 -21.6204
. Ra Kl mﬂf*j 22.7050 25,7050 XXX ANKX XN AAXX
b AG® (kmol ") -7.34701 -8.58180 oo X0 AXXK XXX
400°C Ky (f meol ') 405320 42.74%0 XNKX ARRX 155.59 264,17
- AG"(kLmot'y | 871050 9.92850 XXXX XXXX -13.0432 -14.7437
a 600°C Ko tHmol ) 77.879% 02,5640 816420 £70.630 130.55 747.24
E AG* (kLmaly | -1024M1 119711 157757 17,6969 -15.5431 -17.4927
_g $00.°C Ky (! mf_:r'} 182.620 419.370 1634.320 2246.17 903.490 1037.56
D AG  (klmel'y | -122523 -15,9655 61,5515 -20.4025 -16.0142 -18.3605
= 900 °C K (! mol) 506,130 £62.100 235850 300930 975.380 133524
AG®(kLmol®y | -14.6507 -16.7400 -18.1698 211763 -16.1943 -19.0275
: S mol') 565.970 641.580 335340 425570 924.01 121575
- AG* (Khanat'y | 130137 -17.0897 -19.0998 220021 | -160670 -18.7795
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Figure 4.111 Langmuir plots for the adsorption of acid blue 1 on 800 °C activated carbon samples
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Table 4,113 DIt adsor

tion maximum (Dg,,) for (dyes on Paulownia tomentosa (PT) canun sample

285

Raw

400 °C activated

800 "C activated

Dyes Dasgy (mole™ x 107) Dipg (mol.g” x 10°) D (mole™ x 10°
| 10°C | 45°C 10°C | 45°C 10°C | 45°C
Acid blue | 5.1101 8.7060 6.7600 11.660 9.2250 18.790
Brilliant blue R 1.1170 1.6680 2.1940 2.7950 44100 8.3130
Acid yellow 29 0.6478 0.7633 2.0210 2.7610 2.9650 3.BE80
Acid yellow 34 0.6770 0.8658 1.4020 1.6350 1.8380 2.9770
Acid orange 7 0.3029 0.6156 0.7224 1.0460 0,7333 1.2770
Acid orange 10 0.3331 0.6393 0.5406 1.1550 0.5406 1.1550
SRR e —
Table 4.114 DR adsorption maximum (Da.,,) for dyes on Populus caspica (PC) carbon sample -
ho0°C s

| 2 Do (molg” x 10 Do (molg”  10%) Dy (mol.g™ x 10%) _
10°C_ | 45°C 10°C_ | 45°C 10°C 45°C
Acid blue | 0.1046 0.2.997 0.4210 0.7952 0.,7392 1.5850
Brilliant blue R 0.4172 0.5660 2.1590 48670 2.8600 10.720
Acid yellow 20 10210 1.7750 1,7090 3.8490 38370 6.3970
Acid yellow 34 0.3385 0.6325 0.6750 1.1920 1.3410 1.4690
Acid orange 7 0.4278 0.5581 0.7275 1.0350 0.8145 1.6030
Acid orange 10 0.2340 0.2561 0.7709 1.0680 1.0760 1.2470

Table 4.115 DR adsorption maximam [D¢=} for dyes on Corncobs (CC) carbon 52..".'2‘.’.
Raw 400 °C activated 800°C activated

e Dy (molg” x 10°) Dy (mol.g” x 10°) Dy (mol.g” x 10°)
10°Cc | 4s5°C 10°C |  45°C 10°Cc | 4s5°C
Acid blue | 0.0391 0.2118 0.8227 1.0590 15310 X 1800
Brilliant blue R 0.1746 0.3020 0.6034 0.7318 1.0100 1. 1440
Acid yellow 29 0.2468 1.0160 0.4139 1.6:430 0.9056 2.6610
Acid yellow 34 0.4244 0.4304 0.9587 1.5580 1.0560 1.6700
Acid orange 7 0.4295 0.7319 0.8675 1.1760 1.1680 L1810
Acid orange 10 0.2319 0.6237 0.7018 0.7282 1.3170 1.1500
Table 4.116 DR adsorption maximum (Dapm) for dyes on Ailanthus altissima (AA) carbon sample
Raw 400 °C activated " 800°C activated
Dyes Dy, (mol.e™ x 10%) Dy, (mol.g™ x 10%) Dy (mol.g™ x 10%)
10°C [h 45°C 10°C | 45°C e 1  45°%C
Acid blue | 0.8072 1.5400 1.7260 2.0520 2.6450 4.1400
" Brilliant blue R 0.3142 0.6524 0.5786 1.3470 1.3950 1.6270
Acid yellow 29 0.2545 1.2770 0.8597 1.2230 1.0270 1.6150 I
I Acid yellow 34 0.2899 0.6168 1.0040 1.4700 1.1590 1.5200
Acid crange 7 0.4970 0.7452 0.9029 0.9781 0.9626 1.2480
Acid orange 10 0.3726 0.4680 _0.52ﬂ3 0.9202 1.5550 1.5820 1
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Table 4.117 DR adso

ption maximum ['D‘m} for dyes on Salvadora eleoides (§0) carbon sample

286

1000 *C activated

Dyes 2% . Dy (mol.g"%10%) | Dy, (mol.g'x10 ) n,l.n'x!ﬂ‘}

: 10°C 45°C 10°C 45°C 10°C 45°C 10°C | 45°C

Acid blue | 1.7560 33180 5.1650 5.9030 71050 8.3270 B.9700 16.270 10,690 21.280

Brilliant blue R 0.9336 1,31%0 . 14190 2.8200 2.7390 5.1800 3.2050 f.l,z?lm 15.800 17170

Acid yellow 29 0.1343 0.5111 1.3960 29710 1.8780 2.9650 3.4030 4.3130 2.9680 4.5390

Acid yellow 34" | “0.5015 11980 2.7750 22210 4.5210 5.1850 6.1650 7.6440 8.1650 84730

Acid orange 7 1.1260 1.7890 9.4530 14.460 13.590 13.090 21.490 25.880 28.100 11550

Acid orange 10 0.1737 0.1905 0.35880 0.57M4 0.45380 0.93358 1.0950 11780 6.0260 8.9790
= o = —_— e

Table 4.118 DR adsorption maximum (D,

lfor dves on animal bosne charceal (ABC) sample

“ 900°C activated 1000*C netivated
Dyes D (MOl g™10%) | Digyy (molg %107 | Dy (Mol %10 Do (Mol e %10%) | Dy (mol.g'x107) |

10°C | 45°C 10°C | 45°C 10°C | 45°C 10°C_| 4s5°C

Acid blue | XXX XXX | 26610 33780 | 53600 57060 | 85220 11920 | 59190 11110
Brilliant blue B | xxx XXX 0.9441 19230 | 2.6400 93430 | 4.1700 13940 | 45390 59550
Acid yellow 29 |  xxx XXX | 39400 44240 | 9.0550 23020 | 12920 26620 | 29490 30550
Acid yellow 34 | xxx XXX 49540  B.G990 | 16260 19810 | 20710 22940 | 25550  28.660
Acid orange 7 XXX XXX 20730 20970 | 45970 13350 | 76120 23020 | §6920  911.80
Acid orange 10 | xxx XXX 1.9850 24760 | 86040 20830 | 20730 31060 | 46880  $3.080

Table 4.119 Dit adsorption maximum 1‘{!1'...._‘:.l Tor dyes on regencrated (RG) carbon sample

400 *C activoted GO0 “C wetivated BO0"C aetivated 00T netlvated 10T *C2 e tivated
Dyes Dy (mol.g”'%107) | Dag (mol.gx10%) | Dy (molirTx107%) | Dip (molg' 10 Dew (Mol g "= 10
10°C 45°C | 10°C 45°C 10°C 45°C 10°C 45°C 10"C 45°C
Acid blue | 12550 4.8410 42.700 G3.780 79.010 B4.360 77.020 E6.420 83.620 130.90
Brilliant blue R 0.2640 0.7004 1.5210 1.7580 1.8830 23740 26160 4.4990 4,6430 7.1340
Acid yellow 20 1.9020 4.2390 11.680 15.200 1 3.040 28.250 16.600 12.020 26.820 570
Acid yellow 34 17750 5.5260 18.770 J2.380 16.850 26.570 18.240 22.730 19.780 27.0%0
Acid orange 7 1.7910 29430 47.950 72410 118.90 142.10 156.20 189.60 196.80 219.80
Acid orange 10 1.9590 2.2010 4.9670 6.0260 6.0310 12.840 12.280 23,630 12.090 25.020

mrp— e
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4. RESULTS AND DISCUSSION

Low cost agricultural waste (Corncobs-CC), wood of irees (Fam’awm'r; tomentosa-
PT, Populus caspica-PC, Ailanthus altissima-AA, Salvadora oleoides-SO) and animal bones
were utilized for the prcpmﬁtion of activated carbon. Industrial spent carbon of Fuji Corn
complex Nowshera was regenerated. The samples were characterized by determining
moisture content, pH, ash content, bulk density, surface area (BET, DR, BJH, Langmuir),
pore size dislributil:;n, FTIR, EDS, XRD and SEM analysis. Adsorption of the dyes (acid blue
1, brilliant blue R, acid yellow 29, acid yellow 34, acid orange 7 and acid orange 10) on the
carbon samples was carried out at 10°C and 45°C. Adsorption kinetic models of first order,
Bangham, intraparticle diffusion (parabolic law) and equilibrium adsorption models of
Freﬁlndli-:h. Langmuir, and DR were used to analyze the adsorption data. The column
adsorption method (break through technique) was used for the acid blue 1 and treatment of
intiiustrial wasfe waler,

4.1. Characterization of adsorbent

4.4.1. Maoisture content

Moisture content of the activated carbon samples were found to be in the range 0.001-
2.2%. With the increase in activation lcmpcrgtum the % moisture decreases (Table 4.1). At
the activation temperature of 400 °C, the moisture loss was found to be RC (92%), AA
(60%), SO (44%), PC (43%), PT (25%), BC (20%) and CC (97%) as compared to the

respective Raw samples,

4.1.2. pH
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pH for all carbon sampi-'::s increases with increase in aclivation temperature (Table
4.1). The RC sample has values of near neutral pH i.e. 6.39-7.53. All other samples have pH
in the alkaline range of 8.85 to 11.490. This is ascribed to a decrease in the pélurity of carbon

surface, as well as the decomposition and evolution of some of the acidic oxygen surface

functional groups.
4.1.3. Ash content

Ash is the residue of mineral matter present in the material. High ash content was
found in the sample of SO (68.4-46.3%) and RC (50.1-25%). While the rest of the samples

have relatively less ash contents (3.00 -12.4%) as shown in Table 4.1.
4.1.4. Bulk density

The bulk densities of the carbon samples were found to be in the range: 465-165
kgfm"’ (Table 4.1). The bone charcoal samples have high bulk densities due to the presence of
mineral hydroxyapetite. The bulk density of samples decreases with increase of activation

temperatures due to the emission of the volatile matter during activation.

4.1.5..Surface area

The surface area of the carbon samples were determined by BET, BIH, Langmuir and

DR methods and are given in Table 4.2 and 4.3. The BET surface area (m2 g-') is one of

the most widely known methods associated with carbon. The BET equation is given by

157

| 1 C-l P]
= + = (4.1)
w(e 1Py-1) w.C W_C[P,
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Where W is the weight of gas adsorbed at a relative pressure, P/P, and W, is the
weight of adsorbate constituting a monolayer coverage. The term C, the BET C constant, is
related to the encrgy of adsorption in the first adsorbed layer and consequently its value is an
indication of the magnitude of the adsorbent/adsorbate interactions. The standard multipoint
BET method requires a minimum of three points in the appropriate relative pressure range.
The weight of a monolayer of adsorbate Wy, can then be obtained from the slope and

intercept of the BET plot. From equation (4.1):

S=—=— (4.2)

(4.3)

Thus, the weight of a monolayer Wi, can be obtained by combining equations (2) and (3).

W, =—— (4.4)
+1

|

The total surface area St of the sample can be expressed as:

_ W, NAdg

4.5
S:_M (4.5)

~ Where N is Avogadro’s number (6.023 » 10™) and M is the molecular weight of the
adsorbate and C is cross sectional arca of nitrogen gas (16.2 A’fmol). The nitrogen
adsorption isotherms for all carbon samples were determined and it was found that all curves
exhibit type | isotl;crm which are characterized by unimolecular adsorption and applies to

: ; —
microporous adsorbent with small pore sizes =,
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* Surface arca (Spir) '*7 of the all carbon samples were obtained by plotting
IL/W[(Ps/P)-1] against P/P, of the N, adsorption and the values are given in Table 4.2 and 4.3.
As indicated by these results, the SO carbon and regenerated carbon has hi gh surface area of
587 m’, g and 418 mz,g‘-', activated at 800 °C. The surface area of other carbon activated at
800 °C are, PT carbon (219 m®, g'), PC (398.29 m. g"), CC carbon (412 m?. g), AA
carbon (387 m® g') and BC (140.23 m?. g"). These values were compared with the BET
surﬂl'we area of China GA commercial carbon (560,44 m®, g'') and found that the surface area
of SO carbon is greater than China carbon by 27 m*. g”'. The surface area of other carbon
samples were rlnwer than the commercial China GA as, PT (314 m?, g), PC (162 m?. g"},
CC carbon (148 m*. g), AA carbon (173 m®. g"') RG carbon (142 m?. g') and BC (420.21
m’. g"'). The surface area (Spey) was found to increase with the increase in activation
Lem;;r.mlurc (Table 4.2 and 4.3). During activation the blind pores opened, which in tum
incrcase the porosity and surface area of the samples. A high non-polar surface at high
temperature is another reason for high surface area is due to the fact that polar functional
groups situated at the pore opening emit and leaving the surface with wide pore volume '*°. -
Porosity can also be predicted [rom the N; adsorption isotherms. Type-l isotherms
were obtained for all carbon samples (Table 4.1 and 4.2). Such types of isotherms are
concave to the P/P, axis and Ny uptake is governed by accessible micropores volume rather
than the internal surface area. Such a behavior was observed for all the samples indicating the
porous structures. The results in Table 4.2 and 4.3 shows that activation temperature has a
signil;mnnl. clfect on pore volume and increases with the increase in activation temperature.

The micropore volume (cm’.g™) of all 800 °C activated carbon samples were found as 0.23
P

for > PC, 0.220 > SO, RG, 0.21 for CC > 0.20 for AA > 0.11 for PT > 0.100 for ABC. The
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nmlscrparus volumes (cm®.g-1) of carbon samples determined by BJH method were found in
the sequence: 0.370 for SO > 0.360 for ABC > 0.320 for AA > 0.310 for RG > 0.250 for CC
> 0.230 for PC > 0.210 for PT. The increase in pore volume with rise in activation
temperature is due to by removal of the tar as volatile matter that was trapped in the porous
structure.

The surface area of all carbon samples were determined by applying the DR equation
by plotting volume adsorbed (cm”. g vs. log® (P/P,) and the results are given in Table 4.2
and 4.3. The surface area (m”.g"') of 800 °C activated carbon samples were compared and
found as, PC gaa.68 > SO 62430 > RG 1216 > CC 59233 > AA ss0.60 > BC 30535 The surface area
of cach sample was compared with DR surface area (m*.g") of china BA:commercial
activated carbon (806.19) and found that the surface area of our samples are lower than
Clain.n GA carbon as, PC (161.51), SO (181.89), RG (194.03), CC (214.19), AA (246.5) and
BC 4;3184}. The micropore volume was evaluated by applying the DR equation and was
estimated from the intercept of straight lines. The results are given in Table-4.2 and 4.3. The
data shows that when the activation temperature increases the micropore volume increases,
At 800 "C activation temperature the PT carbon samples was found to be a high micropore
volume (0.230 pmz ¢!, The micmﬁm'e vniunl-le (em? g') of other samples were found as, SO

022> RG22 >CC g2 > AA 9200 > PT 01 > BC 0,100
d.1.6. FTIR Studies

FTIR spectra of raw and activated carbons prepared from the wood of Paulownia
tomentosa (PT), Populus caspica (PC), Corncobs (CC), Ailanthus altissima (AA), Salvadora
oleoides (SO), Animal bones (BC) and Regenerated carbon (RG) samples are given in Fig,

4.1-4.7,
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The bands in the region of 3387.5 cm™ and 3230.5 cm™ are attributed to the presence
of hydroxyl group (-OH) stretching and is characteristic of the hydrogen bonding ', These
bands can be scen in PT, CC, SO, BC and regenerated samples. The bands are more evident
in Raw and lower temperature activated samples (Fig. 4.1, 4.3, 4.5 and 4.6), but its intensity
deercases wilh the increase in the temperature of activation. This reveals that this surlice
g,roup. was climinated at high activation temperature. Peaks in the region of 3030-3050em™
were recorded in the Raw and 400 °C activated PT samples only (Fig-4.1 a, b) and are
attributed 1o the -CH stretching '*', which are completely removed during activation at
800°C, as is shown in Fig.-4.1c. T!ae Raw and 400 °C sample of PT, PC, CC, AA, RC and
BC carbon show bands at 2920 cm™ - 2850 cm™! (Fig.-4.1-4.4, 4.6, 4.7) that arc ascribed to
aliphatic -CHj, and -CH; stretching which may be mainly due to the -CH; groups'®'. Such
ban&s are absent in the carbon s;rimples activated at high temperatures. Peaks at 2000-
1900cm™ in the Raw ﬁr:d 300-500°C activated samples of SO carbon (Fig 4.5) is due to the
generation of C = C stretching of the occluded acetylene '®, These peaks were not found in
the same sample activated at 600-1000°C. Bands at 2332 em™ in the Raw and 400 °C

1l

activated carbons of SO, BC and RC samples are due to the presence of ketones ™ whereas

these peaks disappear in the samples exposed to 600 — 1000 °C activation as can be seen in

the spectra (Fig.4.5-4.7).

The peaks in the region 1500 — 1600 em™ shown in Fig.4.1-4.3, 4.5, 4.7 are mainly

due to the generation of C = C stretching with the intensity accentuated by oxygen containing

162

functional groups '™, these peaks disappear at activation temperature of 800 °C and above.

The bands at 1400-1500 cm™ are typically attributed to the presence of C=C bonds in

1ol

benzene rings'”'. These- bands were found in the carbon samples of PT (Fig. 4.1), PC
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(Fig.4.2) and BC (Fig.4.6). A weak absorption bands at 1271-1251 ¢cm™ in the Raw and
400°C activated PT, PC, CC and spent samples (Fig.4.1-4.3, 4.6) represent C = O stretching
which indicate the presence of oxygen containing functional groups such as carboxyl's,
lactones, phenols and ethers of the type C¢Hs-0-CH; or ~CH,-O-CH,'®". Some bands in the
region 1000-1100 em™, indicating the presence of mineral matter '*® were present in all the
carbons (Fig. 4.1 - 4.7). The bands between 900-700 em™ represent aromatic HCC rocking /

single ring, having isolated / two neighboring hydrogen '*'. Such bands were found in all the

carbons including the Raw samples.

4.1.7. EDS Studies

The energy ::iispersivc spectral studies give a semi-quantitative analysis of the carbon
samples. The results of EDS analysis (both % weight and % atomic) for PT, PC, CC, AA,
RG and ABC carbon samples are given in Table 4.4 and 4.5, which shows that high carbon
contents (% atomic) were found in 800 °C activated PT sample (92.59). Rest of the samples
show the carbon contents (% atomic) as 91.57 (AA), 88.30 (CC), 88.00 (RG), 85.89 (PC) and
80.70 (SO) respectively. The concentrations of oxygen in all samples decreased with the
increase in activation temperature. Other clements like sulfur, potassium, chlorine, silica,

Rl

iron, magnesium, copper, phosphorus, sodium, calcium, aluminum and molybdenum were

preseit in the same samples in trace quantities '®,

In the bones charcoal activated at 600 °C, 800 °C and 1000 °C both organic and
inorganic composition is evident in Table 4.5. The samples activated at different
temperatures as, carbon: 25.29% (600 °C), 22.94 % (800 °C), 43.85% (1000 °C); oxygen:
53.09% (600 °C), 54.04% (800 °C), 34.85% (1000 °C); calcium: 13.08% (600 °C), 14.16%

(800 °C), 10.890% (1000 °C); phosphorus: 7.610% (600 °C), 7.740% (800 °C), 6.3700%
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(1000 "C], respectively. Other elements like magnesium, sodium, aluminum and chlorine
were found in trace quantities. Bone is composed of about 70% inorganic substance called
hydroxyapetite [CH:EQHLE(P'D‘t:-’&] that has no carbon atom. The organic phase consisting of
about 30% of bone is collagen with a tiny fraction of other compounds like chondroitin
sulfate, Keratin sulfate and phospholipids ', The results confirm that the contents of
phosphorus and oxygen in the samples decrease with the increase in the activation

temperature, and that these may have evolved as volatile substances during the carbonization.

4.1.8. XRD studies

XRD spectra of the typical raw carbon samples are given in Fig. 4.8-4.14. The d
vallues of the samples were matched with the d values of standard spectra in the ORIGIN 50
software of the spectrophotometer. The XRD profiles for Raw PT carbon (Fig. 4.8) show
distinct absorption bands at d values of 11.042, 7.49, 6.91, 6.36, 5.44 (26) etc. These d values
match with the phase of B-chromium, 1.10 phenanthroline chloride boron fluorides
(Ca4Hi6BCLCrF4Ny). Similarly d values for 400 °C activated sample were found as 7.8, 7.13,
0.75, 5.21 and 5.05 (20) which match the steychnine nitrate (Cayl2aNap2 HINOy) phase, For

800 °C activated the d values depict calcium tartrate hydrate (C4H,Ca0,.41,0) like phase,

The X-ray diffraction patterns of PC carbon (Fig. 4.9) have a peak at 20 = 22°
showing the disordered graphitic 002 planes '®. All the carbon samples (Raw, 400 °C and
800 °C activated) match the phase of 2-methyl-2-(4-isopropoxyphenyl} propane-dioic acid

(Ci3H160s).

Figure 4.10 shows the XRD profile of CC carbon obtained over the angular range of

8-30° (20). The d values were found to be matching the phases of trans- dichlorobispyridine
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platinum (C,oH9CpN,Pt), potassium oxide (K;0;) and chlorine (Cla). It indicates that the
surface of all sample i.e. Raw and activated at 400 °C and 800 °C carries these phases.

" XRD pattern for AA carbon samples were recorded over the angular range of 6-30°
(20). The peak at 20 = 22° corresponds to the disordered graphitic 002 planes '®. For Raw
AA carbon d values at 9.45062, 7.4306, 6.96427, 6.167, 5.55178, 5.44996, 5.10683 etc were
recorded at their respective 20 Iand after matching with the d values of the computer ORIGIN
50 software the phase of molybdenum sulfide chloride-Mo (S3):SCly [File No. 74-2043] was
detected. Values of d obtained for 400 "C carbon sample i.c. 3.10784, 3.6896, 3.79836,
4.52536, 4.71609, 5.09226, 6.55332, 7,75536 and 11,18168 (Fig. 4.11) which show the
presence ol phase of chromium  carbonyl cobalt tungsien - phosphide-
(CO)sCr(CO)sWP,CO2(CO); [File No. 77-2229]. Similarly the d values of 800 °C activated
carbﬁn match with the phase of 2, 4-dinitromesitylene-CoHoN:04 [File No.13-0780] at
12.25?14_ 10.64368, 9.11039, 7.13208, 6.7525, 4.92385, 4.79189, 4.45781, 3.8144 and

3.34823.

The XRD s[&cclm of SO carbon obtained over the angular range of 20 - 46" (20) have
discrete peaks and can be seen in Fig. 4.12. The d values for Raw and 400 "C degassed
activated carbon match the chemical phase of calcium sulfate {y-CaSOs} [file number 37-
0184]. The 800 °C activated carbon has chemical phase corresponding to sodium potassium
chloride (Na.9003K.099Cl) [File No. 75-0305] while that of 1000°C has the -ph,ase: of sodium
zinc molybdenum oxi:Iie: hydroxide {NayZny(OH);(MOs);} [File No.-70-0411] and calcium
carbonate {CaCO;)} [File No.-72-0506].

~ The XRD profiles for spent carbon have distinctive absorption bands that match with

the phases ol iron carbide (Fe;C and FeC) [File No. 85-0871 and 03-0410], 4-aminopyridine
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(CsHgNz)  [File-No.10-0529] and  molybdenum  oxide phthivazidate hydrate
(CasH2sMoNOs.H0) -[File No. 43-1822). Carbon regenerated at 400 °C match with the
phase of m-dinitrobenzenc (CgH4N;Os) [File No.10-053G]. The 800 °C and 1000 °C
regencrated samples have peaks at the same position as that of the phases of carbon (C) [File
Nu.!ﬁ-ﬂ?ﬂ-i]. iron oxide (FeyO4) [File No. 76-0958], molybdenum oxide (Mo;7047) [File
No.71-0566] and molybdenum oxide (Moy0O2;) [File No.84-1247). These results indicate that
the hydrogen and nitrogen are present in the spent and in 400 °C carbon. These elements are
climinated during regeneration at 800 °C and 1000 °C, while carbon, oxygen, iron and

molybdenum are retained in the samples (Fig. 4.13) as indicated by the presence of peaks at

their respective positions in the standard spectra in ORIGIN-50.

The X-ray diffraction patterns of bones charcoal obtained at 28 of 20 - 44° are given
in tﬁc (Fig. 4.14) showing distinct peaks. The peaks for 600°C degassed charcoal are
matching to the phase of calcium phosphate (Ca,+2P;,04+2) [file number 44-0752],
magnesium oxide (MgO) [File No. 27-0759] and sodium [File No. 01-0832]. The 800°C and
lﬂﬂﬂ‘;{: degassed charcoal indicate the existence of several elements when spectral peaks
were matched with the standard spectra of computer software ORIGIN-50. The clements in
the phases are of calcium, magnesium, sodium, hydrogen, phosphorus, carbon oxide,
chloride, fluoride, (Ca. Mg. Na. Hjy)s (P. C); Oy (OH. CI. F) [File No.12-0529]; sodium,
calcium, hydrogen, carbonate, phosphate, hydrate CagHa (PO4)s. H0-NaHCO;-H,O [File
No. 47-0261] and sodium, calcium, hydrogen, carbonate, phosphate, hydrate CagHz (POu)s.

H.0-NaHCO;-H,0 [File No. 47-0262).

4.1.9. SEM Studies
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SEM micrographs both in 5000x and 1000x magnification (plate 4.1 - 4.8) of all
carbon samples showed smooth areas as well as roughness with oval andlhcxagona] pore

patterns. Within each oval/hexagonal pore, presences of the macmpurcs'are clearly

noticeable.
4.2. Adsorption Studies

4.2.1. Effect of contact time
The equilibrium time on the adsorption of all the six dyes (acid blue 1, brilliant blue
R, acid yellow 29, acid yellow 34, acid orange 7 and acid orange 10) studied at 10 °C and 45
“C on the seven types of activated carbons samples (PT, PC, CC, AA, SO, BC and
regencrated) and are shown in Fig. 4.15 to 4.49 and 4.69 to 4.74. It can be seen that the
adsorption was fast in the initial fifteen seconds and then declined due to the possible
diffusion in to the micropores. The increase in adsorption temperature has resulted in the
increase adsorption, indicating endothermic nature of the process.
4.2.2. Effect of surfuce functional groups
| All the six selected adsorbate arc anionic dyes (wiphenylmethane and azo) which
contains a sodium salt ol*- sulphonic acid group. In aqueous solution, it ionizes to an anionic
SO’y group. The acidic dye anion will suffer Columbic rcpﬁlsiun upon approaching the
surface due to the presence of oxygen contain functional groups on Raw and 400 °C degassed
carbon samples (Fig. 4.1-4.7). The adsorption of dyes on the samples activated at
temperature of 600 °C and above, the adsorption is which might be due to the decrease in
polarity of the carbon surface as well as to the decomposition and cvulutioﬁ of some of the
acidic oxygen sur{acé functionalities. A slight increase in adsorption migﬁt also have

océurred due to an increase in the surface arca resulted from activation at temperature of 800-
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1000 °C. During degassing at higher temperatures the blind pores might have opened, which
in turn might have increased the porosity and surface arca of the samples. The absence of
pl::—Ia.r groups on the surface of the 800 °C, 900 °C and 1000 °C degassed sample, as indicated
by the FTIR results may be another reason for the high adsorption of dyes. Lower adsorption
of dye -:Iun the l-i'.aw and 400 °C carbon activated on the other hand may be due to the fact that
polar functional groups situated at the pore opening adsorb water strongly through hydrogen
bonds that in turn result in pore constriction or pore blockage '*. A schematic representation
of the electrostatic repulsion between the dyes ions and the negatively charged carbon

surface of the Raw and 400 C samples is depicted in scheme 4.1- 4.6.
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Scheme 4.1 Electrostatic repulsion between acid blue 1 and functional groups on the
Raw and 400°C activated carbon surace
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Seherns £.2 Electrostatic repulsion between Drilliant blue [ jon and Tunetional groups on the Raw and
4000 activaled earbon surnce

Scheme 4.4 Electrostatic repulsion between acid yellow 29 ion fimctional groups on the Raw and 4009C
activated carbon surface



Seheme 4,3 Eleetrostatic repulsion between acid yellow 34 jon and functional groups on the Raw
aned 4000C activated carbon surluce
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Scheme 4.5 Ekctrostutic repulsion between ack! orange 7 jon functional groups on the Raw and 400°C activaicd
carbon surface

Scheme 4.6 Electrostatic repulsion between sckd oaanpe 10 lom sl fonctionn] groups cm e Raw amd JE00 activaned carben uafiee
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4.2.3. Kinetic Models

The rate constant for the adsorption of acid dyes on carbon surface was determined

using [irst rate kinetic equation. Such an equation in the linear form can be expressed as e
In D, =1In Do - kaat (4.6)

Here D, and D, arc the solution concentration (mul.dm") at =0 and 1=t respectively and kyg
is the rate cm.ﬁslunl. From the lincar plots of In Dy vs. t for adsorption of the dyes on the
carbon surface at 10 °C and 45 °C the values of rate constants at different temperatures were
derived and are shown in Table 4.48 - 4.54, 1t was noted that the rate constant has increased
with the increase in temperature of adsorption and also have high values for the samples
activated at high temperatures. The rate constant (s™) of the adsorption each dye at 45 °C on
carbon samples activated at 800 °C were found in the following sequence; for acid blue 1:
0.0965 for BC > 0.0340 for CC > 0.0315 for RG > 0.0268 for PT > 0.0195 for PC > 0.0160
for SO > 0.0145 for AA, for brilliani blue R: 0.0171 for AA > 0.0170 for PT > 0.0154 for SO
> 0.0130 for CC > 0.0105 for PC > 0.0067 for BC > 0.0053 for RG, for acid yellow 29:
0.1222 for PT > 0.0665 for CC > 0.0514 for RG > 0.0267 lor BC > 0.0239 for AA = 001068
for PC > 0.0157 for SO, acid yellow 34: 0.0531 for SO > 0.0451 for PT > 0.0421 for CC >
ﬂ.';lii‘.'ﬂiﬁ for AA > 0.0290 for BC > 0.0269 for RG > 0.0269 for PC, for acid orange 7: 0.0390
for BC > 0.0216 for CC > 0.0160 for SO > 0.0098 for RG > 0.0079 for PC > 0.0063 for PT >
0.0056 for AA, and acid orange 10: 0.0363 for BC > 0.0334 for AA > 0.0209 for CC >
0.0177 for RG > 0.0127 for PC > 0.0087 for PT > 0.0087 SO. The correlation coelTicients
(+*) for the first order model (0.8 — 0.90) wcr-:l closer to 1, indicating a better agreement.

The energy of activation for the adsorption was calculated using the Arhenius

equation "7 in the form:
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k: ,_f-'_i__ T!_TI
_ In - R[' ] (4.7)

Where E; is the activation cnergy, k; and k; arc rale constants, R is the gas constant (8.314 ]
K" mol") and T is the absolute lcmpcmlu;'n (K). The energies of activation (kJ mol™)
caleulated for the dyes adsorption is given in Table 4.48-4,54. The activation energies (k/
mol'’) of the dyes on carbon samples activated at 800 °C were found in the following
sequence order. Acid blue 1: 0.078 for PT < 0.12151 for PC < 0.16222 for BC < 0.229243
for CC < 0.2611 for AA < 4.020071 for RG < 1096.518 for SO. Brilliant blue R: 3.4003931
for PT < 3.7868 for SO < 5.608671 for BC < 6.55710231 for RG < 8.09986 for CC < 8.6678
for h:ﬁ < 20.777 for PC, Acid yellow 29: 3.147102 for PC < 8.381 for AA < 10.8914 for BC
< 12.38314 for RG < 13.994 for PT < 15.230 for SO < 15.7038 for CC. Acid yellow 34:
D.?3§28 for BC < 0.975565 for RG < 7.29067 for PC < 9.8151552 for CC < 11.771378 for
PT < 15.596637 for SO < 16.50183 for AA. Acid orange 7: 2.139526 for PT < 2.32449 for
BC < 2.85455 for AA < 3.77913 for CC < 6.590688 for RG > 7.385934 for PC < 35.08434
for SO. Acid orange 10: 1,936728 for PC < 2.65434 for AA < 2.695305 for BC < 3.0748689
for CC < 3.3962287 for RG < 4.37463 for PT < 8.704688 for SO. The .dmu shows thal
increase in the activation temperature result a decrease in the activation encrgy. The high
activation enerey of the dye adsorption on the Raw and 400 "C degassed carbon samples may
be due to the fact that polar functional groups present at the pore opening block the entrance
of the dye molecules and thus an energy barrier may arise from this repulsion ' From the
values of activation energies, thermodynamic parameters such as enthalpy change of
activation (AH") and entropy chﬂn-gf:. of activation (AS") were calculated (Table 4.48-4.54)
by using the following equations "

AH" = Ea—RT (4.8)
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# _ kh . AH*
AS¥ =R | In KT + T (4.9)
Where k = Rate constant
ky = Boltzmann constant (1.3806 x 10 J K™")
h = Planck constant (6.626 x 10" J s)

The enthalpy of activation (AH” kJmol™) for the dyes adsorption on 800 °C activated
carbon samples are: Acid blue 1: -2.5659 to -1547.337; Brilliant blue R: 0.756541 to
18. 1_3315; Acid yellow 29: 0.50355 to 13.05992; Acid yellow 34: -1.904572 to 13.857979,
Acid orange 7: -0.5043256 to 32.440486; Acid orange 10: -0.707124 to 0.75237677. The
positive values indicate endothermic and the negative values the exothermic adsorption
process. These values decrease with the increase in the temperature of adsorption as well as
with the temperature of activation of the samples. Negative values of the entropy of
activation (AS") reflect affinity of the dye towards the carbon which decreases with the
increase in adsorption temperature (Table 4.48 — 4.54) meaning that the dye molecules have

acquired a more stable oriented position on the surface.

4.2.4. Bangham equation
The Bangham lincar equation in the following form was used to check the pore
dilfusion during the adsorplion process.

k

—_— 4+ a logt 4.10
2303 V ‘ KhHD

log log = log

D.-D, W
Where D, is the initial concentration (mol.dm™) of dye in the solution, V is the volume (dm”)
ol solution, W is the weight (g) of charcoal, Dg is the amount adsorbed at time t. Values of

the constants e and k, calculated from the slopes and intercepts of the linear plots (Fig. 4.57

- 4.62) are given in Table 4.55 — 4.57. The a values decreased while k, increased with the
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increase in temperature of adsorption and same trend was found in the case of increase in
temperature ul_' sample activation, indicating that the diffusion of dye into pores of the carbon
IS im!mrlnnt and adsorption in to the pores is a diffusion controlled process'** '™,

4.2.5. Parabolic diffusion law (Intraparticle diffusion)

The intraparticle diffusion was analyzed by applying the parabolic diffusion equation
to the data. For a solid liquid adsorption process, the solute transfer is usually characterized
by either external mass transfer (boundary layer diffusion) or intraparticle diffusion or both.
Adsorption dynamics can be described by the three consecutive steps i.e. transport of the
solute from bulk solution through liquid film to the adsorbent exterior surface; solute
diffusion into the pores of adsorbent except for a small quantity ol adsorption on the external
surface; parallel to this is the intraparticle transport mechanism of the surface diffusion and
utlso;'pli0|1 ol solutc on the interior surfaces of the pores and capillary spaces of the
adsorbent. OF the three steps, the third step is assumed to be rapid and negligible to be
cnusi::ir:md. The overall rate of adsorption will be controlled by the slowest step, which
would be either film diffusion or pore diffusion. However. the controlling step might be
distributed between intraparticle and external transport mechanisms. However in both the
cases the external diffusion is invc‘ﬂved in the adsorption process. The adsorption of dyes
onto carbon particles may be controlled by the film diffusion at carlicr stages and then as the

adsorbent particles are loaded with dye ions, the adsorption is then controlled by the

intraparticle diffusion. Literature show that the plot of Dy versus t' represent multi-lincarity,

"0 According

which characterizes the two or more steps involved in the adsorption process
to Weber and Morris'”" intraparticle diffusion is defined by the equation:

Do =kt "+ B (4.11)
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The Kiy value can be obtained from the slope of the plot of D (amount adsorbed in mol/g)
vs. "2 It can be seen from Fig. 4.63 — 4.68 that the adsorption process consists of two stages.
The- Iinlraparti::lc difTusion coefficient (ksa) given in Table 4.58-4.60 increases with the
increase in adsorption temperature and also with the activation temperatures of the sample.
The Keg values of dyes on carbon samples activated at 800 "C were found in the following
sequence. For acid blue 1:2.5581 for BC > 1,1538 for PT > 0.9643 for CC > 0.9150 for SO >
0.9127 for RG > 0.7824 for AA > 0.6670 for PC. For brilliant blue R: 3.7391 for SO > 3.258
for BC > 1.3108 for RG > 1.3725 for PT > 1.3102 for PC > 1.2262 for CC > 1.1912 for AA.
For acid yellow 29: 16.151 for RG > 10.179 for BC > 2.6055 for SO > 2,1674 for CC >
1.8683 for PT > 1.834 for AA > 1.8328 for PC. For acid yellow 34: 5.6696 for BC > 5.1759
for SO >3.8282 forRG>2.1114 l'c;r PT > 1.7418 for AA > 1.6639 for CC > 1.5247 for PC,
For a':cid orange 7: 6.7615 for RG > 6.5791 for BC > 4.2902 for SO > 1.8314 for PT > 1.4057
for CC > 1.0048 for AA > 0.966 for PC. For acid orange 10: 2.8431 for BC } 1.5663 for SO
> 1.2804 for RG > 1.3539 for PT > 1.0708 for CC > 0.8069 for AA > 0.7629 ﬁ-:lr PC. Acid
yellow 29 has greater diffusion coefficient values as compared to other dyes. The correlation
coefficient (/) values for the intraparticle diffusion model (0.8-0.9997) were closer (o |
indicating better agreement of the fit for the dyes adsorption. This is attributed to the
instantaneous utilization of the most readily available adsorbing sites on the adsorbent |

surface "1,

4.3. Adsorption isotherm Studies

Adsorption isotherms of the dyes at 10 °C and 45 “C on all carbon samples are shown

in Fig. 4.75-4.104) and the data has given in Table 4.73 — 4.97. It was observed at lower



¥ 326

concentration most of the dye is adsorbed and the adsorption gradually decreased with
increasc in concentration. The process when reach to equilibrium, giving a platcau in the
graph of amount adsorbed (mol.g™) vs. equilibrium conc. (mol. dm™). On the Raw and 400
“C activated carbon samples the dye uplake is low as compared to sample activated al high
temperature of 600 to 1000 °C which might be due to the removal of surfm:‘c acidic oxygen

functionalities '*?

thal1lcavc the surface pores open (Fig. 4.1 — 4.7). The sr:nsi.livily of the
adsorptlion process towards tcmpr.:rlalurcs of adsorption as well as carbon activation was
observed such that it increases with the increase in temperature, indicating the overall process
to be endothermic with surfaces of greater surface area with pore opening and high
interaction for acid dyes.

4.3.1. Frenndlich E;.'aﬂwrm

Freundlich equation '™ in the following linear form was found to apply to the dyes

adsorption isotherms data shown in Fi 2.4.105-4.110,

Q= InK + 1D, (4.12)
n

Values of the parameters n and K (adsorption capacity) calculated from the lgures are given
in Table 4.103 and 4.105. The constant 5 gives information about the surface heterogeneity
and its affinity for the solute '™, A larger value of 1/n indicates effectiveness of the
adsnrﬁcnt. When 1/n >1.0, the adsorbed concentration of the solute is greater than that
present in the solution'””, The values of constant, K (mol.g") indicate adsorption capacity of
the carbon samplcﬁ and were found to be in the following sequence: For acid blue I
86916.22 for RG > 5433511 for CC > 28486.9 for PC > 22833.8 for AA > 54339, for SO >
3397.17 for BC > 581.140 for PT, For brilliant blue R: 57068.06 for CC > 20696.08 for AA

> 18205.8 for RG > 11496.52 for PC > 10779.48 for BC > 10738.59 for PT > 7472.61 for
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SO. For acid yellow 29: 41522.9 for PC > 32663.0 for AA > 32565.20 for CC > 15633.9 for
PT > 8980.4 for SO > 8204.18 for BC > 4540.53 for RG. For acid yellow 34: 207108.8 for
PT > 46202.99 for SO > 44981.20 for PC > 25848.20 for AA > 23956.60 for CC > 7611.381
for RG > 3022.07 for BC. For acid orange 7: 123747.6 for PC > 72547.70 for AA > 71539.14
for CC> 62317.60 for PT > 32305.7 for RG > 4041.212 for SO > 192.905 for BC. For acid
orange 10: 384000.8 for SO > 125366.9 for CC > 113493.4 for BC > 925;‘.}3.30 for AA >
4747696 for PT > 32500.15 for PC > 12667.56 for RG, The data shows that the adsorption
capacity of carbon increases as the temperature of increases and it also has a greater values
for adsorption on the samples activated at higher temperature.

4.3.2. Langmuir isotherm

17

Langmuir isotherm '™ in the following form when applied to the adsorption data,

giw:,; linear plots {F-:ig.d.l 11-4.116).
%:“El[{' " %.' (4.13)

Where 'h is the amount of adsorption (mol/g) corresponding to a complete monolayer

coverage and K, (L/g) is the binding encrgy constant. The linear plots of Do/Dy (g dm™)

against D, (mol dm™) gave the values of K,and b (Table 4.106-4.108). The isotherm was

best fit to the data with correlation c_:m:f ficient, r* > 0.960. The adsorption capacities (h) were
high for high temperature adsorption and also for the case of the samples activated at high
temperatures (Table 1). Cumharing' the adsorption capacity b (mel.g”’) values of the 800 °C
activated carbon samples were found in the following sequence.

Aci& blue 1: 3.845110 for RG > 2.074690 for BC > 0.993340 for SO > 0.42303 for PT >

0.12840 for AA > 0.12772 for PC > 0.12300 for CC. Brilliant blue R: 3.494060 for SO >
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2.088118 for BC > 1.235483 for RG > 0.35355 for AA > 0.36542 for CC > 0.33338 for PC >
0.24992 for PT. Acid yellow 29: 6.493500 for BC > 5.449590 for RG > 0.929280 for SO >
D.454|Et5 for PT > 0.39668 for CC > 0.39584 for PC > 0.39307 for AA. Acid yellow 34:
8.333330 for RG >.7.132667 for BC > 1.58027 for SO > 0.49529 for CC > 0.48379 for AA >
0.43412 for PT. Acid orange 7: 8.944543 for RG > 8.583690 for BC > 3.679176 for SO >
0.44600 for CC > 0.40630 for PC > 0.40228 for PT > 0.39888 for AA, Acid orange 10:
4.96524; for BC > 2.293577 for RG > 0.927040 for SO > 0.42279 for PC > 0.41 354 for PT
>0.40175 for CC > 0.39143 for AA.

The adsorption of dyes from solution on a carbon is a measure of the tendency 1o pass
from one phase into the other. The driving force for such a tendency is represented by the
Gibbs free energy (AG®) '™. Negative free energy (AG®) values for the systems indicate the
spc:ml;mcity in the affinity of the adsorption. Gibbs free energy was calculated as suggested
by Yu Lin '* as,

Ky =bM, (4.14)

AG’ =-RT In Ky (4.15)
Where b (mol.g™) is the Langmuir monolayer adsorption capacily and M, is the molecular
weight of the dye. The data (Table-4.109-4.] 12) show that AG" values decrease with the
increase in temperature of adsorption, which reveals higher adsorption at higher
temperatures.

4.3.3. Dubinin-Radushkevich (DR) equation

The DR adsorption equation' which is based on Polanyi potential

[E - RT ln[l . _'_]] is given by:

Do

D,=D,, exp % (4.16)
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OR nD,=InD,, - B¢’ (4.17)

thm..t: is the Polanyi potential, Dy is the amount of dye adsorbed in mol.g”, Dgm is
the adsorption maximum, D, is the equilibrium concentrution f’nwf.r!m'j J, B is a constant and
is called the mean energy of adsorption, R is a gas constant and T is the absolute temperature.
The adsorption data when plotted according to the equation (In Dy vs. %) give linear plots (Fig
4.117-4.122) from where the values of constant B and adsorption maximum (Dgm) were
calculated (Table 4.113-4.119). The data shﬁw that both the activation temperature of the
carbon and the adsorption temperature effect the adsorption maximum values i.e. increase in
cither of these temperatures have increased the adsorption maximum as found by the
application of the DR equation, ch adsorption of the dyes on all of our activated carbon
samples.
4.3.4. Distribution coefficient of the dyes on the carbon surface.
1 Alfinity of the dye for the carbon matrices was determined by calculating the

distribution cocfficient, using the following equation '*%;

D, =D,
= WD

n

D (4.18)

Here D, is the distribution coefficient, D, and D, are the solution concentration (mol.dm™) at
t=0 and (=t respectively, W is the weight of carbon sample. The plots ol D, vs. D, are given in
Fig.' 4.123-4.127. These plots show that, for a fixed amount of udSDI'bGII‘lT, the extent of
adsorption and the distribution coefTicient, D., decrcase as the dye concentration was
increased over the concentration ranges used (Table-4.73-4.102). Values of the distribution

coefficients for the samples activated at high temperatures have high values. The trend is that
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v ale . . v ]
values for the same initial concentration of all the dyes are in the sequence: D, g "¢ > De 00 &
> Dec aw "¢y @1 De1ooo “c> Dy 000 “c > De g0 % > De 600 °c > De 40 ¢ > Do Ravw respectably.

4.3.5 Waste water treatinens

The different activated carbon samples prepared from the various source materials
were used for the treatment of waste water. The waste water used was (i) aqueous solution of
dye acid blue 1 as contaminant (ii) effluent waste water from a glass industry. On flowing the
water at the rate of 5 ml. min”, through the columns, each filled with different activated
carbon, It was observed that the contaminant in general were mostly retained by the upper
layer area of carbon bed. In this layer the adsorbent was exhausted first due to its loading to
maximum capacity. Below this area then due to the mass transfer of the contaminants during
downward flow through the column the adsorbent, a state of equilibrium is established
between contaminants and the adsorbent with no more change in concentration, An amount
of 4 gram activated carbon filling the column of 10 cm was totally exhausted in time period
of 25 — 35 r;ﬁuult:s. The inlet flow (Ci,) was continuous and the concentration of the
contaminants in the out flow (Cay) of the column was monitored by collecting the water after
each five minutes fMlow till there was an maximum saturation of the adsorbent and no change
in the concentration of the contaminant was observed Le. Cia = Cay. In case of dycs, the
adsorption was found to be a function of the length of carbon packed column or the mass
transfer zone of the column and S shape of curves of D4/D, vs. time were obtained (Fig.
4.128 10 4.135). As the glass industrial waste waler has a broad spectrum of contaminants,
prediction about the shape of the curves is difficult,

The Thomas kinetic model as used by Banat and Al-Asheh ' for.the column

adsorption study has the lincar form cquation of the form:
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In(&— IJ = kqéM — kDot (4.19)

‘ Where D, is the contaminant concentration (mol ') at time; k is the Thomas rate
constant {em’. min".g")), g, is the adsorption capacity (mol.g'), M is the mass of adsorbent
(), and Q is the volumetric flow rate (ml/min). The rate of flow plots for In [Dy/Dy -1] vs. t
wa;s linear as s;hcwn in Fig. 4,128 to 4.135. The fitting of the data to the equation was judged
by the correlation coefficient /* (0.8 - 0.940). Slope of the curve gave the rate constant of the
flow, k (min™). The adsorption capacities (g, mol. g”) for 800 °C activated carbon samples,
calculated from the linear plots of Thomas model, are 109.359 for acid blue 1, 178.273 for

nickel, 256.56 for copper and 221.159 for zinc.
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' 4.4 CONCLUSIONS
The studics presented cover the preparation, characterization and adsorption
properties of the activated carbons developed from the local source matuﬁnl such as
ugrli'cullurnl wasle (Corncobs-CC), low cost wood of [ast growing lrec; (Paulownia
tomentosa-PT, Populus caspica-PC, Ailanthus altissima-AA, Salvadora oleoides-50), bones and
il-mc]uslrin] srs;:nl carban, .Dyus (acid blue 1, brilliant blue R, acid yellow 29, acid yellow 34,

acid orange 7 and acid orange 10) were used as adsorbate. The following conclusions are

drawn from the studies.

L. The moisture contents of the samples activated at 400 °C were found to be in the
sequence: 97% for CC > 92% for RG > 60% for AA > 44% for SO > 43% for PC >

25 % for PT > 20%for ABC.

2. pH of the activated carbon samples was alkaline (pH = 8.85-1 1.490), however the

RG carbon sample was neutral (pH = 6.39-7.53).

3. Ash content was found to be high in the sample of SO (68.4-46.3%) and RG (50.1-

25%). While the rest of the samples have small amount of ash (3.00 -12.4%).

4. - Bulk density of the carbon samples was found to be in the range: 465-165 kg/m’,

With the rise in activation temperature the bulk density decreased.

S The BET (m’g") surface zr:rca analysis of the carbon samples activated at 800 °C
showed that SO carbon has the high surface arca of 587. The surface arca of other
carbon samples activated at 800 °C was found in the sequence: 418 for RG > 412
for CC carbon > 398.29 for PC > 387 for AA carbon > 219 for PT carbon > 140.23
for BC.
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The pore volume (em’e™) of the 800 °C activated carbon samples were found to be
in the sequence: 0.23 for PC > 0.220 for SO, RG > 0.21 for CC > 0.20 for AA, 0.11
for PT > 0.100 for ABC. The pore volume was also found 1o increase with rise in

activation temperature.

The Raw and 400 °C activated carbon surfaces carried the oxygen containing
[unctional groups such as carboxyl’s, lactones, phenols etc which were eliminated

at high activation temperatures.

The XRD analysis showed that the clements like carbon, hydrogen, nitrogen,

oxygen, boron, chromium, fluorine, nitrogen and molybdenum were present in the

activated carbons.

The EDS analysis showed high carbon contents (% atomic) in carbons activated at
high temperatures as compared to Raw and the 400 °C activated samples. The
concentrations of oxygen in the samples were found to decrease with the increase in
activation temperature., Other elements like sulfur, potassium, chlorine, silica, iron,
magnesium, copper, phosphorus, sodium, calcium. aluminum and molybdenum

\were present in trace quantities in the samples.

The rate of adsorption of dyes on all carbon samples was high in the initial fifteen
seconds and then declined due to the possible diffusion and hindrances in

penetration of the dye molecules in to the micropores.

The values of the first order rate constants were high at high temperatures of -

adsorption and also for the sample activated at high temperatures.
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Increase in activation temperature resulted in decrease of activation encrgy of the
dyc adsorption. The high activation energy of the dye adsorption on the Raw and
400 °C activated carbon samples was due to the presence of polar functional groups
at the pore openings that blocked the entrance of the dye molecules and thus

resulted in the energy barrier,

Negative values of the entropy of activation (AS") of dye adsorption reflccted
alfinity ol the dye molecules towards the carbon which decreased with. the increase
in aqsorptinn temperature. The dye molecules have thus acquired a more stable
oricnted position on the surfaces at high temperature adsorption and also on

samples that were activated at high temperatures.

Analysis of the kinetic data showed that Bangham and intraparticle diffusion

models were applied to the dyes adsorption and that the adsorption of dye is a

diffusion controlled process,

Adsorption of dyes increased with the increased in temperature thereby indicating

the process was endothermic.

The Freundlich, Langmuir and DR equations were used to estimate the model
parameters. The best fit of the isotherms, found from the correlation coelTicients

() were in the sequence : DR > Langmuir > Freundlich,

Distribution cocfTicient of the dyes on the surfaces of carbon activated at difTerent
temperatures was found to be in the sequence: Di1ga0 °c > De o0 %> De woo “c > De uoa

a 0
> D:-Wﬂ C}DEHJWP
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I8."  The wastewater of Omar glass industry was treated by column adsorption. Thomas

model was used to derive the adsorption capacity (meol.g”') of the carbon samples

for the dye and also for Ni**, Cu*? and Zn*? adsorption [rom the waste water.
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