Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 8211 - 8224
Received 05 March 2021; Accepted 01 April 2021.

Activation of Soot Carbon Prepared by Paraffin Candle and its Application as
Adsorbent Surface of Some Organic Dyes

Hassan Sabeeh Jabr, yasmine salam hassan,

College of Science,
AL-Muthanna University,
Samawah, AL-Muthanna, Irag.
E-mail: hassansubih87@mu.edu.iq

Abstract In this study, locally available and inexpensive materials were used to produce AS,,
which is widely used in adsorption processes. The AS, was prepared from thermally treated of
AS; at temperature 40 'C for 2 hours. The properties of AS, were identified by FTIR, SEM, BET
and XRD technique. The AS, was used to adsorb the DR and CV dyes from aqueous solutions
and the result show that the AS, that prepared from AS; is good absorbent. The influence of PH,
temperature, Equilibrium time, the adsorbent weight of the adsorption dyes was studied, it was
shown that the efficiency of adsorption decreased at PH = 10 and increased at PH=4. The results
also showed that the efficiency of adsorption dye on AS; decreased by increasing temperature and
the optimum contact time of absorption is 15 min. and the optimum adsorbent weight is 0.08 g.
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1. Introduction

Many industries, such as plastics, paper, food, cosmetics, textiles, etc., use dyes to color their
products. The presence of these dyes in wastewater from these industries, even at very low
concentrations, is undesirable, as the color is considered a pollutant that is noticeable by eye, and
environmental regulations in most countries have made it necessary to remove the color of

wastewater before discharging it [1].

There are several methods to remove these dyes that considered feasible in term of reliability,
simplicity, and cost effectiveness. These methods are membranes separation[2], reverse 0Smosis
[3], oxidation[4] , and finally adsorption [5]. However, the adsorption is a common method

among the researchers due to its low setup-complexity for the treatment of the dyes solutions.

The typical utilized adsorbent is the active charcoal. Nevertheless, the difficult and the costly
process of producing the activated charcoal forced the research for efficient yet inexpensive
alternatives[6].

The most frequent difficulty faced in the research for such alternative adsorbents, is the

instability of the material prices[7]. Due to this complication, searching for stable, available and
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reliable material is one of the factors in researching for alternative adsorbents. On the other hand,
the diversity of the properties of the different materials and the expansion of manufacturing makes
the selection of ideal material is somewhat a tedious task[8].

The soot created in combustion processes is not uniquely defined. It usually looks black and
is mainly made of carbon but it is very different from graphite. Aside from carbon, soot particles
also contain up to 10 molecules of hydrogen, and even more when they are small. A great deal of
this hydrogen can be extracted in organic solvents as it appears mostly in condensed aromatic ring

compounds.

Sometimes, substances are emitted which, when cooled, look like tar or like glassy material,
black, brown or even yellow in color. Such materials may be the quenched intermediates of the
soot formation process. Sometimes they result as a condensation product of the heavy
hydrocarbons formed during combustion; or they may be fuel droplets which have passed through
the combustion zone more or less untouched. Finally, they may be normal soot particles on which

heavy hydrocarbons have condensed, as is the case with diesel smoke.[9]

In this research, two adsorbents are studied which are the DR and CV on soot. The paper
organized as follow: in Section 2, the materials as well as the instruments that are used is stated.
Section 3 describe the process of preparing the DR and CV solutions. The factors that affect the
adsorption are stated in Section 4. The results are detailed in Section 6. And finally, the findings

of the research are concluded in the Section 7.
2. Experiment setup

The chemical materials that utilized in this research have been supplied by the companies
Sigma Aldrich and BDH. Moreover, the Fourier transform infrared spectrophotometer from
Shimadzu is used with the model number FT-IR-8000 to measure the FTIR spectrum in the range
(4000-400) cm™. On the other hand, an UV-Visible Spectrophotometer from the same company is
used to measure the Ultraviolet-Visible spectrum by the device with model umber UV-1800PC.
The XRD analysis conducted on the System D 6000 X-Ray Diffractometer. The setup for
measuring the Cu Ka radiation diffraction intensity was 40 Kv monitored in at 20 range when the
temperature between 10° - 80°. Finally, the FEI Nova Nano SEM 450 is used for the scanning
electron microscope (SEM) of the activated soot surface morphology. In SEM, the voltage
acceleration is in range 15-20 Kv and the images of the surface morphology are taken at different
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magnification.
3. The preparation of CV and DR solutions

An 0.05 gram of CV and DR dyes are dissolved in 500 milliliters of distilled water. The
concentration of a stock aqueous solution of these dyes is 100 ppm. The range of the absorbance
spectrum is 200-800 nm measured by the UV-Visible spectrophotometer. The calibration curve is
prepared by choosing dye concertation from 10 ppm to 100 ppm.

Figure 1 show the chemical structure of the used dyes.

Figure 1: The chemical structures of CV and DR dyes.
4. Preparation of AS, from the AS;

The AS; was prepared from candle paraffine and was collected in clean and dry beaker.
Later, the collected AS; is dried by using oven at 80 °C and for a period of 24 hours. Afterward,
this dried AS; is grinded and sieved then was activated to produce AS, with particle size of 125

pm.
5. The Study factors that affect the adsorption process

There are several study factors that affect the process of adsorption. These factors are:
Equilibrium time of the adsorption, pH, temperature, and the adsorbent weight. A detailed

description of effect of these factors on the absorption process is stated in this section.
5.1 The adsorbent weight influence measurement

The second study factor is the weight of the adsorbent on the process of absorption . During
this test, the temperature is 257, the dye solution volume is 25 ml, the pH = 7, and the
equilibrium time is 15 min while the adsorbent weight changed between (0.02, 0.04, 0.06, 0.08,
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and 0.1g). identical to the studying of the other factors, the test tubes are also placed in water bath

in shaker that rotate at the speed of 180 rpm.The dye solution is measured at 515 and 536 nm.
5.2 The effect of Equilibrium time measurement

To study the effect of the equilibrium time on the adsorbed quantity of dye, the time has been
varied while the other factors have been fixed. The duration of time that are considered are 5, 10,
15, 20, 25, 30 and 60 minutes. The concertation of the dye is fixed on 50 ppm, the temperature
fixed on 25° Celsius, the volume of the dye solution is 25 ml, the AS, weight is 0.08 g, and lastly,

the pH of the dye solution kept the same without modification.

In this setup, the test tubes are set in water bath and shaker that run at 180 rpm. Then, the
sample was filtration by micro filter paper. After that, the dye solution absorbance is measured
with UV in range 515 and 536 nm.

5.3 The influence of pH on adsorption process measurement

Similar to the setup of the previous sub-section, the study of the pH is also including
measurement of samples in different Ph, the dye concentration is 50 ppm. The temperature is 25°
Celsius. the equilibrium time is 15 minutes and the wight of the adsorbent is 0.08g. for the same
volume of the dye solution, the pH level is varied from 4 to 7 and to 10. The adjustment of the pH
conducted using NaOH or 1M HCI solutions. Finally, the test tubes set in the water bath in shaker
that rotate at the speed of 180 rpm. After 15 minutes the solution separated and the dye

absorbance is measured with UV in range 515 and 536 nm
5.4 The temperature influence measurement

In the setup for measuring the effect of the temperature on the adsorption process , the
temperature is changed from 25T to 35T to 45C. The pH is kept at 7 and the concentration of
the dye is 50 ppm in 25 ml solution. The dyes contact time is set to 15 minutes during this test.

6. Results and discussion
6.1 Characterization of AS,

The FT-IR (KBr disc, cm-1) spectra of AS2 showed the presence of a absorption bands is
aromatic (C-H) at 3153 cm-1, FT-IR spectra also showed the presence of strong bands at 2985 (-
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CH), 2360 (C N),. Moreover, 1558 cm-1 is imputed for C=0 and C=C group respectively. Lastly,
the bands at 1427.37 and 1377.22 cm-1 are caused by the bending of C-H group.

The SEM analysis shows the surface morphology of AS, before and after activation were
examined by scanning electron microscopy, as presented in Figure 2. S image shows regular
particle shapes with large scale of pores and surface were smooth. After activation, the surface
area of AS, was wide and had no sharp edges.
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Figure 2: SEM micrograph of the AS, (upper part before activation, lower part after activation)
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Figure 4: the XRD of AS; particles

The XRD pattern of AS; is illustrated a peak at 26 =43.5°, and 25° the peak at 26 = 29.00 °

return to the non-crystalline structure of AS, so it is smooth. After demonstrating the

Characterization of AS; in the next sub-sections the study factor results are presented.

6.2 The Effect of equilibrium Time on the Adsorption process

The results of the testing setup for the effect of the equilibrium Time in Sub-section 5.2 are

demonstrated in Error! Reference source not found.. The result indicate that the equilibrium

time is 15 min.

where the sites available for adsorption saturation with the increase of time until the time

when the sites are fully saturated’’, that depending on the chemical and physical nature for dye

and saturation of active sites on the surface.
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Figure 5: The effect of contact time on the adsorption of the two dyes onto AS,

6.3 The result changing the pH on the adsorption process

The results of the testing setup of the pH value on the adsorption process in Sub-section 5.3
are stated in Error! Reference source not found.. From the figure, it’s clear that the maximum
percentage of CV and DR dyes removal occurred when the pH value is 4, while pH value of 10

yielded the least performance in the adsorption process.

The pH solution can be arranged as follows: -

(4>7>11)

The result can be reasoned by that the CV and DR dyes consist of amino group. When these
dye dissolve in water, its ionized produce ions. These positive-charged ions are attracted to the
negative-charged AS, particles due the phenomena of electrostatic attraction forces. Another
explanation is that the presence of (N-N) double bond group on the ring. This group convert to ion
which has the negative charge. When these ions interact with the oxygen atom, a hydrogen bonds
are formed which result in reduction of the ability to drive the electrons towards the ring. Hence,

reduction in the adsorption capacity at basic medium[10]

The Eg. 1 calculate the quantity of the adsorbed while Eq. 2 measure the percentage of the

dye removal.
qe = L x (C,-C) (1)
m

x 100 (2)

Where Cq is the concentrations in mg/L of initial dye in the solution while C is the
concentrations in mg/L of the remaining dye in solution. v is the volume of the dye solution in
litters, ge is the rate of dye to the adsorbent mg/g, m is the mass of adsorbent in grams and finally

E is the percentage of dye removal.
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Figure 6: Effect of pH on the absorptance of DR
on AS

Figure 7: Effect of pH on the absorptance of CV on AS

6.4 The result of varying the Temperature on the absorptance

The effect of temperature on the absorptance is presented in Error! Reference source not

found. and 9. The result show that the absorptance efficiency decrease when the temperature

increase. The result also shows that the preferred working temperature for adsorption is 25°C. The

behavioral of the dye adsorption by the AS, can be concluded to be typically exothermic[11].
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Figure 8: Effect of temperature on the absorptance

Figure 9: Effect of temperature on the absorptance
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6.5 Effect of adsorbent weight

The Error! Reference source not found. show the effect of various quantity of adsorbent on
the absorptance. From the figure two point can be highlighted, first, the increase of the quantity of
the adsorbent increases the efficiency of the DR and CV absorptance and second, the optimal
weight of adsorbent is 0.08 g. The result can be attributed to the increase of the number of the
active sites on the AS, surface and hence increase of the surface area that are capable of the

adsorption[12] which result in better adsorption performance.
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Figure 10: Effect of adsorbent dosage on removal of the two dyes onto AS,

6.6 Adsorption isotherm

The analysis of the isotherm provide insight about the process of the capacity of the
absorptance centration. The isotherm analysis was conducted by applying the Langmuir and

Freundlich equations of adsorption to the experimental data.

The Freundlich isotherm model describe the solutes adsorption from light to a solid surface.
Furthermore, Freundlich isotherm model also state that various sites with numerous adsorption

energies are entangled[13].

Figure illustrate the linear isotherm relation of the Freundlich equation when various
concentrations of dye solutions with the adsorption of the ASsurface. While Figure show the

linear isotherm relation of the Langmuir equation on the same AS.

http://annalsofrscb.ro 8219



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 8211 - 8224
Received 05 March 2021; Accepted 01 April 2021.

19

1.8 1

1.7 1

16 4

log qe
log ge

151

14

134

1'2 T T T T T T T
0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

log Ce

Figure 11: Freundlich isotherm for adsorption
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The linear Freundlich equation is:

log ge=log Ks + 1/n log Ce

Kf is the Freundlich constants. The Kf and n give an information about the adsorption degree
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as well as the nature of the surface whether a heterogeneous or homogenous. Whereas the

adsorption capacity (Qm) and the Langmuir constant (b) are determined using the equation:

The Langmuir equation: e = 1\Qm * b + Ce/Qm

qe_

Table 1: Freundlich and Langmuir equations parameters of DR

Isotherm constant Freundlich Langmuir
The constants and 2 2
coefficient of correlation Ks n R Qm b R
values 0.636 0.100 | 0.8747 2.399 4.730 | 0.9495

Table 2: Freundlich and Langmuir equations parameters of CV

Isotherm constant Freundlich Langmuir
The constants and
coefficient of Ky n R? Qm b R?
correlation
0.030 0.376 | 0.9718 2.940 0.057 | 0.3997
values

From Table 1, it can be seen that the value of n is less than one which indicate the surface is a
heterogeneous. If the values of the correlation coefficient R* from Langmuir isotherm are
compared to the Freundlich isotherm R? values, it is clear that values in the later is greater than
that in the Langmuir. Hence, Freundlich equation is more suited for the adsorption of CV and DR
dyes presented in aqueous solutions when ASis used which also indicate that the adsorption is a
multilayer[14].

6.7 Adsorption process thermodynamic

Traditionally, the analysis of Thermodynamics were applied to the adsorption processes
solely to estimate kind of the adsorption reaction. However, its of outmost importance to study the
Thermodynamics in the range 298 - 318 K which involve change in standard enthalpy (AH?),
entropy (AS®) and Gibbs free energy (AG®). The determination of these values can be started by

calculating the Gibbs free energy change by using the equation:

AG’=-R T Ink
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the AG? is the Gibbs free energy change which measured in KJ.mol ™, while R is the universal
gas constant which equal to 8.314 J.mol™.K™, while T is the absolute solution temperature which
measured in Kelvin and finally K represent the constant of thermodynamic equilibrium for the

adsorption which was calculated using the equation:
K=(ge m)/(Ce V)

the standard enthalpy (AH®) change is calculated by first using Van't Hoff - Arrhenius equation to
calculate InK:

InK= (AS®)/R - (AH®)/RT

and then by plotting the values of Ink against 1/T. The values of the -AH/R and AS/R are both

calculated from the slope and intercept of the linear plots as in Error! Reference source not

found..
1.8
1.6 1 —a—DR
1.4 —|—CV
1.2
11 y=39207x-13.657
> R? = 0.9993
1.8 -
0.6 | ¥=3824.9x-13705
. R? = 0.9963
0.4 -
0.2 -
0 T T T T T
0.0031  0.00315  0.0032 0.09325 0.0033  0.00335  0.0034
1/T

The Table show the thermodynamic parameters of CV and DR dyes adsorption with AS. From
the table, by observing the AG and AH, it can be seen that the adsorption was exothermic and
spontaneous i.e. physical adsorption.

Table 3: thermodynamic parameters of adsorption DR dye onto active carbon

-AHC (K.J.mol ') -AG® (J.mol™) -AS° (J.mol ".K")
5438.27 15210.80 152.645
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Table 4: thermodynamic parameters of adsorption CV dye onto active carbon

-AH° (K.J.mol 1) -AG° (J.mol™) -AS° (J.mol '. K
4938.64 12539.98 125.026

7. Conclusion

The main points that can be concluded from this research are: first, the process of adsorption

is an effective method for dye removal from water. Second, the used adsorbent is commercially

available in affordable prices which make the reproduce\ this research on large scale for dye

contaminates removal is cost effective. Third, the best results achieved when the value of pH = 4.

Fourth, the increase of quantity of adsorbent also increase its effectiveness of adsorption. Fifth,

the use Freundlich isotherm to highlight the linear relation of the adsorption data is favorable

compared to the Langmuir isotherm. Finally, the process of adsorption of the DR and CV dyes by

the AS, was exothermic and spontaneous which can be seen in the thermodynamic analysis by
obtaining the AH® and the AG®.
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