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ABSTRACT

A new group of direct arylazo dyestuffs that are based on the spiro 2-oxoindole (3,27)-17,3"-
thiazolone moiety was successfully synthesized by the authors {1]. In view of the current
interest in utilizing the sulpho arylazo dyestuffs for dyeing different types of fibers, the
present paper describes the possibility of using carbon for their temoval, as organic pollutants,
from aqueous solutions. The removal of these dyestuffs from their aqueous solutions was
carried out by using different adsorbents such as granular carbon, carbon soot, and powdered
activated carbon (PAC) at different temperatures ranging from 25 °C to 60 °C. The adsorption
of these dyes on different types of carbon has been found to obey the adsorption isotherms
like Langmuir, Freundlich and Branuer Emmitte and Teller (BET) isotherms. It was found
that PAC has the highest capacity of adsorption .Carbon soot is recommended to be used for
the removal of such type of dyes from their aqueous solutions due to the low cost of its
production with respect to PAC and to solve the problem of its accumulation, as a polluting
solid waste. Different adsorption parameters were calculated from these models for the
interpretation of the adsorption process. It was found that the removal efficiency for color of
dyes was over 90 % in case of carbon soot and PAC at higher temperatures.

KEY WORDS: Adsorption, Langmuir, Freundlisch and Burnaur Emmette & Teller (BET)
isotherms, sulpho arylazo dyestufls.
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1. INTRODUCTION

In Egypt the problem of color removal
from textile wastewater has been
considered to be of great importance
because of the need to satisfy the increasing
demand for water for various uses. For this
reason, a national effort has been launched
to deal with this problem using natural,
local adsorbents. Investigations have been
undertaken to determine whether cheap
commercially available materials hold
promise in the treatment of wastewater. In
spite of the presence of a huge number of
dyestuffs which are widely used in dyeing
processes, little data are available about
their removal from dyeing wastewater.
Adsorption is used in industrial wastewater
treatment to remove organic materials such
as color, phenols, detergents, and other
toxic or non biodegradable. The most
important component of the cost of using
PAC is the cost of PAC itself; therefore,
searching for inexpensive sources or
substitutes for PAC is a must. Asfour ef al.
[2, 3] studied the adsorption of basic dyes
on hardwood sawdust. Ahmed ef al. [4],Sen
[5],Gupta et al.[6] and Banerjee ef al. [7]
used coal fly ash which is a solid waste of
thermal power plants as adsorbent. EL-
Gundi [8, 9, 10] studied the adsorption of
two basic dyestuffs (Astrazone-blue and
Maxilon-red), two acid dyestuffs (Telon-
blue and Erionyl- red), Basic Blue 69 (BB
69) and Basic Red 22 (BR 22) onto maize
cobe (an agricultural solid waste). Mckay et
al.[11,12] studied the adsorption of four
dyestuffs onto bagasse pith (by-product of
the sugar industry remaining after the
extraction of juice), for the adsorption of
two basic dyes(basic-blue 69 and basic-red
22) and two acid dyes ( acid-blue 25 and
acid-red 114). El-Saiid et al.[13] used the
Egyptian bagasse (a waste by-product of

- different

the sugar industry) as adsorbent for the
removal of basic dyes namely Rosaniline
and Methylene Blue from industrial
wastewater. Rashed ez al. [14, 15] reported
that carbon soot is a promising material for
industrial applications as a
substitute  for commercial powdered
activated carbon. Sarkar ef al. [16] studied
the adsorption of Methyl Violet (C.I. Basic
Violet) from aqueous solutions onto coal
and fly ash. Al-Sarawy [17] studied the
using of carbon soot and PAC as good
adsorbents for the removal of colors of
some dyes from their aqueous solutions.
Safarik er al [18] used the magnetic
charcoal to adsorb a variety of organic
compounds. Sankar et al. [19] studied the
removal of diazo and triphenylmethane
dyes from aqueous solutions using Rice

. Bran-based Activated Carbon. Ruey-Shin

et al. [20] and Feng-Chin ef al. [21] used
chitosan for removing chlorotriazine
reactive dyes and reactive dyes (RR222,
RY 145, and RB222) from aqueous
solutions. Attia [22] used soot and PAC as
adsorbents for the removal of some heavy
metals from water. Cheung ef al [23]
studied the removal of cadmium ions from
effluents using bone charcoal. Shawwa et
al. [24] studied the removal of color and
chlorinated organics from pulp mills
wastewater using activated petroleum coke.

2. MATERIALS AND METHODS

All chemicals and solvents used in this
research were of the highest grade of purity.
Sodium salts of five dyes of the hitherto
synthesized dyestuffs and considered as
arylazo spiro thiazolo isatin dyestuffs; their
chemical structure is shown in Figure 1
which were previously synthesized by the
authors [1]were chosen for studying their
adsorption behavior on different types of
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carbon at different temperatures. PAC and  with water bath controlling temperature [1]
granulated carbon were obtained from El-  .The remaining dye concentration was
Nasr pharmaceutical chemical company. measurcd using a  spectrophotometer
Carbon soot was produced as a result of  (Qualen kamp visi-spec SPR-590-010-
partial oxidation of natural gas at = W).The separation of absorbents from
SEMADCO. Procedures were carried outto  solutions was performed by centrifuge
study the adsorption of these dyestuffs from  using a bench top centrifuge model T-54.
their aqueous solutions by using a shaker
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Fig. 1. Chemical structure of the five direct arylazo dyestuffs.
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3. RESULTS AND DISCUSSION

3.1. Effect of Temperature and
Retention Time on Adsorption

The results shown in figures (2-6)
indicate that the remaining concentration
of the five dyes in their aqueous
solutions decreases with increasing time
till equilibrium time is attained and the
remaining  concentration  becomes
constant after a time specific for each
dye. Results indicate that, the
equilibrium times for the five dyes on
different  adsorbents at  different
_temperatures were in the range 50-100
minutes. It was found that the suitable
doses of adsorbents were; 0.1 mg (soot),
0.5mg (granular carbon) and 0.05 mg
(PAC) /10 ml of dye solution .The effect
of temperature (25 °C, 40 °C, 50 °C and
60 °C) is clear from these figures since
the equilibrium time decreases with
increasing temperature due to the fact
that by increasing temperature the rate of
adsorption increases and equilibrium
time decreases [7] .Generally, it was
found that, equilibrium time for the
adsorption of these dyes on different
types of carbon varies significantly for
the five dyes and depends only on
temperature and is specific for each dye,
adsorbate and adsorbent. Also it was
found that the removal efficiency for
color of dyes was a very good efficiency
(over 90 % in case of carbon soot and
PAC at higher temperatures).
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Fig. 2. Effect of time for the adsorption
of dye (1): (A) soot, (B) PAC and
(C) granular carbon at different
temperatures.
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Fig. 3. Effect of time for the adsorption of
dye (2): (A) soot, (B) PAC and (C) granular
carbon at different temperatures.
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Fig. 5. Effect of time for the adsorption of
dye (4) : (A) soot, (B) PAC and (C) granular
carbon at different temperatures.

3.2. Adsorption Isotherms

Analysis of equilibrium data for the
adsorption of the dyes on the three types
of carbon have been done according to
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Fig. 6. Effect of time for the adsorption of
dye (5) : (A) soot, (B) PAC and (C) granular
carbon at different temperatures.

Langmuir,[25], Freundlich,[26] and
Burnauer, Emmett, and Teller[27]

models. All adsorption studies were
carried out at four different temperatures
(25°C, 40°C, 50°C and 60°C).
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3.2.1. Langmuir Isotherm

The plots of the reciprocal of the
amount of adsorbed dye x/m (mg dye /
mg carbon) against the reciprocal of
equilibrium concentration (1/C) for the
studied dyes gave straight lines as shown
in figures (7 -11). This indicates that the
adsorption process conforms to the
Langmuir adsorption isotherm and
Langmuir equation is applicable [25]:

x/m = abC/ (1 +aC) (1)

The slope of the best fit (1/ab) and the
intercept (1/b) of linear plots of
Langmuir isotherm for the five dyes
were obtained and Langmuir parameters
-(a) and (b) for adsorption of the dyes on
soot, granular carbon and PAC are
calculated at the previously mentioned
temperatures and listed in table (I).
From these results, it was found that (b)
values (the indication of monolayer
coverage) for PAC > carbon socot >
granulated carbon. This is in agreement
with the finding in literatures concerning
the increase in (b) value with the
decrease in the particle size of adsorbent
[13, 17, 22]. The monolayer coverage
parameter (b) generally increases with
increasing temperature.

It was found from electron micrographs
that, the particle size of granular carbon
> of soot > PAC [28]. This is appeared
to indicate that the surface area
associated with pores inside the particle
is being at least partially occupied by the
large dye molecules, and that the
effective regime is confined to the
external surface and a narrow layer just
below the surface in the case of PAC
17, 29, 30], whereas in the case of
carbon soot the effective adsorption
regime is confined in a less extent to the
external surface and to the formation of
thick layers below the surface. Table (1)
contains the equilibrium parameter (Ry)

which is defined from the relation [17,

-~ 29, 30]:

RL=1/[1 +a Co] (2)
The values of Ry, for the studied systems
were found to be < |
favorable adsorption for the tested dyes
on carbon soot, granular carbon and
PAC 17, 31].

300 -

showing a-

250 | (A)
200 -
150 -
100 -
50 -

0

(/)

1/C

200

150

160 -

V(¢

50 -

0 500 1000

1/C

1500

2000

V()
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3.2.2: Freundlich Isotherm

Test of wvalidity of Freundlich
adsorption isotherm for adsorption
process was followed according to the
equation [26, 31]:

Log (xm)=logk +(I/n)logC  (3)

|
Plotting log (x/m) against log C
gave rise to a group of straight lines,
Figures. (12:16) cormresponding to
adsorption of the tested dyes on different
types of carbon at  different
temperatures. |

From slope and intercept (1/n) and K
(adsorption  capacity) values were
calculated respectively and delineated in
table (2). The delineated data reveals
that adsorption capacity values (K)
increase as the pore size of carbon
change from PAC to carbon soot and
finally to granular carbon. This might be
explained in view of freundlich equation
[17, 26], which implies the two
important parameters (K) and (1/n)
which are related to the capacity of
adsorbent for the adsorbate and the
strength  of  adsorption  process
respectively. It was found that (n) values
are in the range that indicates a good
adsorption since (n) values are higher
than unity [17, 26]. Moreover these data
revealed that direct dependence of
adsorption capacity on temperatures.
Generally the capacity of the three used
types of carbon for adsorption of the
chosen dyes could be arranged in the
order of PAC >carbon soot >granular
carbon.
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3.2.3: BET Isotherm

Brunauver, Emmett and Teller [27]
derived an adsorption isotherm based on
the assumption that molecules could be
adsorbed in more than one layer thick on
the surface of the adsorbent. This
equation, like Langmuir equation
assumes that the adsorbent surface is
composed of uniform, localized sites and
that the adsorption at one site does not
affect adsorption at neighboring sites.
Moreover, it was assumed that the
energy of adsorption holds the. first
monclayer but that the condensation
energy of the adsorbate is responsible
for adsorption of successive layer. The
equation, known as BET equation, is
commonly written as follows [17, 27]:
X/m=ACXm/(Cs-C)[1+{4-1)C/Cs]  (4)
Rearranging the BET equation yields:

c___ 1 4-1¢C
(CS-C)X;"m_ AXm AXm Cs (5)

Data  obtained from  adsorption
processes, for the tested dyes on
different types of carbon are utilized to
conform the BET equation when plotting
C/HCs-C)(x/m) against C/Cs. Figures
(17-21) illustrate the resulting straight
lines obtained from the BET equation of
the tested dyes on different types of
carbon, the slope of these lines equal to
A - (1/AX,) and intercept equal to
1/AX . . Values of both (4) and (Xm) for
the tested dyes on carbon soot, granular
carbon and PAC are given in table 3.

It’s evident that the amount of solute
adsorbed utilized in forming a complete
monolayer on PAC > carbon soot >
granular carbon. The effect of
temperature is clearly obvious, hence the
value of Xm increase as the temperature
increasing from 25 °C to 60 °C. This
may be explained on the basis that, the
increasing temperature increases the rate
of adsorption, moreover, increase the

temperature increases the mobility of the
large dye ions for further penetration{9,
17, 27] consequently the adsorplion
process becomes more favorable with
increasing temperature.
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4. CONCLUSIONS

This paper studied aims to identify
the ability of soot produced as a
byproduct from the partial oxidation of a
natural gas as adsorbent material (for
some of newly synthesized dyestuffs)
against conventional carbon adsorbents
(PAC and granular carbon). The study
reveals that:

Carbon soot is a good adsorbent for
removal of these prepared dyestuff from
their aqueous solutions at 60 °C, the color
of dye is reduced with a very good
efficiency over 90 % as shown in figures
(2-6).

The data of all parameters obtained in the
adsorption study are explained through
several adsorption models, all the
calculated parameters were found to be in
agreement with the finding in literature as
indicated from the following:

- Fitting the Longmuir model to the
experimental data at different
temperatures suggest that the monolayer
coverage of the adsorbed dyes at the
outer surface of the adsorbent, this
monolayer coverage increase with
increasing temperature.

- Fitting the Freundlich model to the
experimental data at different
temperatures show that the adsorption of
tested dyes on PAC is slightly higher
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