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Abstract: Activated carbon is known as adsorbent of various contaminants from wastewater and air. The aim

of the work was to estimate sorptive capacity of activated carbon in the removal of dyes, which are

contaminants from textile wastewaters. The mixture of two dyes, methyl blue and naphthol green B was

selected for investigations and WDex activated carbon, virgin and regenerated, was chosen as adsorbent. The

dye concentration, in both cases, was 200 mg/dm3. Sorptive capacities of activated carbon were expressed as

values of surface sorption, which in case of fresh activated carbon was 60 mg/g, and after regeneration –

ranged from 8 mg/g to 13 mg/g. The experimental data adsorption isotherms were defined and adsorption

theoretical model, such as that of Freundlich or Langmuir, was selected. The highest removal efficiency in

case of methyl blue was 94% for virgin carbon, the lowest – 75% (carbon after the fourth regeneration). The

highest removal efficiency in case of naphthol green B was 78% for carbon after the fourth regeneration, the

lowest – 55% (carbon after the first regeneration). The experimental data show that activated carbon can be

used for the decontamination of dyes from textile wastewater. Model tests, however, need to be verified on

real wastewater samples.
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Introduction

Water covers 71% of the Earth’s surface and constitutes 65% of human body mass.

Contaminated water becomes a health hazard and a threat to the whole water ecosystem.

River, lake and sea pollution originate in man’s activities [1]. Those result, among

others, in the generation of wastewater from textile, paper-making and leather

industries. It contains a lot of organic compounds, including dyes. The latter constitute

a major problem in dyeing wastewater treatment because of their complex structure.
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Additionally, physical and chemical properties of dyes make them sparingly bio-

degradable, toxic, carcinogenic and mutagenic compounds [2–4]. Dye is observable

even at very low concentration, which is detrimental to the aesthetic value of waters [5].

Three types of methods: chemical, biological and physical, are used to remove dyes

from wastewater. The methods include, among others, coagulation and /or flocculation,

membrane technologies (dialysis, reverse osmosis), modern oxidation methods (Fenton

reaction, hydrogen peroxide method, UV radiation), biochemical oxidation and ad-

sorption (activated carbons, inorganic adsorbents) [6–9].

According to the literature on the subject, activated carbons are employed as

adsorbents of gaseous and liquid contaminants of air and wastewater, also to purify

water and as catalysts [10, 11]. The choice of activated carbon as a sorbent depends on

its sorptive capacity which changes, depending mainly on the properties of pores, ie
their surface area and size [12]. Spent activated carbons are regenerated by means of

thermal and chemical processes. Oxidation is one of chemical regeneration methods.

Presently, modern oxidation methods, termed Advanced Oxidation Processes (AOP),

are used. One of them is Fenton reagent which oxidises organic pollutants with

hydroxyl radical OH•, generated in the reaction medium, the oxidation potential of

which amounts to 2.70 V. Activated carbons are catalysts of the formation of hydroxyl

radicals. At the same time, carbons oxidize the pollutants adsorbed on carbon surface.

Other oxidizing media include, among others, ozone, UV radiation, ultrasound, TiO2

and hydrogen peroxide [13, 14].

Relying on the possibility of using activated carbons as sorbents of choice, reported

in the literature on the subject, the authors undertook model investigations into selected

dyes sorption on WDex activated carbon. The previous works [15, 16] of the authors

concerned the possibility of sorption of naphthol green B and methyl blue, the present

work deals with the sorption of the mixture of the dyes mentioned above.

The aim of the investigations, like in the earlier works, was to check the sorptive

properties of activated, virgin and regenerated, WDex carbon, on which the mixture of

two dyes, namely of methyl blue (C.I. 42780) and naphthol green B (C.I. 10020) was

adsorbed. The spent WDex activated carbon was chemically regenerated with Fenton

reagent, which is an excellent oxidizer.

Material and methods of investigations

Activated carbon characteristics

In the experiments, virgin WDex activated carbon, manufactured by Gryfskand

company, was used. Activated carbon is employed, among others, in water purification.

According to the literature [9], its sorptive capacity, ie specific surface area (1050 m2/g),

pore volume (1.20 cm3/g) and iodine number (943 mg/g) indicate that this activated

carbon can be an excellent sorbent.
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Dye characteristics

In the experiment, two dyes were used, namely methyl blue and naphthol green B, of

which a mixture was made.

The first dye, methyl blue, alternatively called cotton blue, is one of triamino

triphenylmethane dyes, of the following molecular formula: C37H27N3Na2O9S3. This

compound is easily soluble in water but weakly soluble in ethanol. Depending on pH,

the dye can be either acidic or basic (Fig. 1). The molar mass of the compound is 799.8

g/mol [17].

Naphthol green B was the other dye (Fig. 2), the molecular formula of which is

C30H15FeN3Na3O15S3. Its molar mass is 878.79 g/mol. This dye is very well soluble in

water [18].
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Fig. 1. Acidic a) and basic b) forms of methyl blue

Fig. 2. Naphthol green B



Course of the experiment

Adsorption on virgin activated carbon

Virgin WDex activated carbon was placed in conical flasks (0.2 g, 0.5 g, 1 g, 1.5 g,

2 g, respectively). Then 100 cm3 volumes of the solution of the mixture of the dyes, ie
of methyl blue and naphthol green B, having the concentration of 200 mg/dm3 each,

were added to the flasks. The contents were shaken for six hours. After that time, the

phases, ie the dye solution and the spent sorbent, were separated. WDex activated

carbon was then washed with distilled water and dried in a dryer.

Adsorption on regenerated activated carbon

Following the adsorption process, WDex activated carbon was regenerated using

Fenton reagent. The latter was prepared in the following way: distilled water was

poured into 1 dm3 beaker, then concentrated sulphuric acid(VI) was added, in such

a way so that pH ranged around 3. To so prepared solution, 10 cm3 of FeSO4 � 7 H2O

(the amount of ferrum ions 9.27 mg) and 1.5 cm3 of hydrogen peroxide were added.

WDex activated carbon was treated with Fenton reagent solution (500 cm3) prepared in

a way described above, then it was stirred for 15 min. Activated carbon was then

washed with distilled water, afterwards the regeneration process was repeated. Thus

regenerated activated carbon was used again to adsorb dyes mixture on it.

Determination of dye concentration

Spectrophotometric method was used to determine the concentration of dyes. Marcel

Media UV/VIS Spectrophotometer was employed. First, spectra of naphthol green B

and methyl blue were recorded. Naphthol green B has the � = 715 nm wavelength

maximum, whereas for methyl blue, the maximum is the � = 591 nm wavelength.

Following the sorption process, samples of dyes were taken from a conical flask using

a pipette and placed into a plastic cell. Then they were put into the spectrophotometer.

The concentration of the dye, measured for pre-set wavelength, ie � = 715 nm and

� = 591 nm for naphthol green B and methyl blue, respectively, was read on the

computer monitor.

Results and discussion

At the first stage of investigations adsorption, A, was computed following formula [19]:

A
c c V

m
i

c

�
� �( )0

where: c0 and ci – dye initial and equilibrium concentration, respectively;

V – solution volume;

mc – mass of dry activated carbon.
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On the basis of calculated values of surface sorption, it was possible to plot sorption

isotherms (Fig. 3–5). The highest surface sorption on virgin carbon for methyl blue and

naphthol green B was 60 mg/g and 26 mg/g, respectively. As regards regenerated

carbon, it ranged from 8 mg/g to 14 mg/g for methyl blue, and from 16 mg/g to 19 mg/g

for naphthol green B.

Sorption isotherm presented in Figs. 3, 4, and 5 indicate that surface sorption for

activated carbon decreased with subsequent regeneration cycles. After the first

regeneration with Fenton reagent, surface sorption for methyl blue amounted to 12

mg/g, after the second regeneration cycle – to 9 mg/g. On the other hand, for naphthol
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Fig. 3. Sorption isotherms for methyl blue and naphthol green B on virgin carbon and after the first and

second regeneration
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Fig. 4. Sorption isotherms for methyl blue and naphthol green B on virgin carbon and after the third and

fourth regeneration



green B, after the first regeneration, surface sorption was 17 mg/g, after the second

regeneration – it was 16 mg/g.

After the third and fourth regeneration cycle, surface sorption (Fig. 4.) for methyl

blue was 12 mg/g and 11 mg/g, respectively, whereas for naphthol green B – 19 mg/g

and 17 mg/g.

Sorption isotherms on virgin carbon and carbon after the fifth and sixth regeneration,

presented in Fig. 5, showed that after the fifth and sixth regeneration, adsorption for

methyl blue amounted to approx. 11 mg/g, and for naphthol green B – approx. 16 mg/g.

Experimental data indicate that WDex activated carbon has good sorptive properties.

Regeneration with Fenton reagent, however, slightly deteriorates sorptive properties of

activated carbon. A change in activated carbon sorptive properties after regeneration

definitely must be related to the Fenton reagent oxidizing action on carbon surface,

where modification of surface functional groups occurs.

It was also noted that regeneration process was significantly limited due to a loss of

carbon mass. In the course of experiment out of the original sorbent mass of 15.057 g,

only 11.159 g were left, which makes a loss of 25.89% (Table 1).

Table 1

Changes in carbon parameters during the experiment

Sorbent type Mass [g] Mass loss [%]

Virgin carbon 15.057

Carbon after the first regeneration 13.562 9.93

Carbon after the second regeneration 12.295 18.34

Carbon after the third regeneration 12.034 20.07

Carbon after the fourth regeneration 11.667 22.51

Carbon after the fifth regeneration 11.498 23.64

Carbon after the sixth regeneration 11.159 25.89
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At the next stage of investigations, an attempt was made to fit an adsorption model to

experimentally obtained isotherms. Two models, ie Freundlich equation and Langmuir

equation, were used to analyse adsorption isotherms.

The Langmuir equation [20], applied to determine adsorption results, is based on the

assumption that the adsorption maximum corresponds to the sorbent surface being

saturated with adsorbed molecules of constant energy, and additionally, no migration of

adsorbed substance on the sorbent plane takes place. The Langmuir equation can be

presented in the following form:

c

A a k a
c

m m

�
�

� �
1 1

where: c – dye concentration in the solution,

A – adsorption,

k – a constant related to adsorption heat,

am – adsorbed surface.

The Freundlich isotherm [21] is the earliest developed relation that expressed

sorption equation. The Freundlich model follows the formula:

A K c n
� �

1/

where: K – the Freundlich constant,

1/n – the Freundlich exponent, or in the logarithmic form:

log log logA K
n

c� �
1

An exemplary Langmuir isotherm for activated carbon after the fourth regeneration

for methyl blue is presented in Fig. 6.
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Fig. 6. Langmuir isotherm for WDex activated carbon after the fourth regeneration – methyl blue



An exemplary Freudnlich isotherm for activated carbon after the fourth regeneration

for naphthol green B is shown in Fig. 7.

It should be noted that the higher is the value of the correlation coefficient (R2), the

better is the fit of the theoretical model to the experimental isotherm.

On the basis of calculated correlation coefficients (Table 2, Table 3), it can be stated

that for methyl blue adsorption on virgin carbon, the Freundlich model better describes

experimental data. In turn, correlation coefficients of the Langmuir model indicate its

better fit to the experimental data after successive regeneration cycles (from the first to

the sixth one).

Table 2

Parameters of Freundlich and Langmuir isotherms for methyl blue

Activated carbon
Freundlich isotherm Langmuir isotherm

k n R2 am k R2

Virgin 0.0002 0.346 0.918 –12.5 –0.011– 0.618

After the first regeneration 2.84 1.93 0.804 –16.95 0.015 0.878

After the second regeneration 5.87 13.16 0.949 – 9.09 0.132 0.999

After the third regeneration 3.04 3.96 0.878 –13.69 0.029 0.961

After the fourth regeneration 3.09 4.24 0.915 –12.19 0.033 0.991

After the fifth regeneration 3.23 4.24 0.870 –12.82 0.032 0.974

After the sixth regeneration 3.05 3.96 0.870 –13.51 0.028 0.965

For naphthol green B, correlation coefficients show that the Langmuir model better

describes the results after the fourth, fifth and sixth regeneration cycles. On the

contrary, the Freundlich model is better fitted to the results of surface sorption on virgin

carbon and on carbon after the first, second and third regeneration cycles.
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It can be stated that both theoretical models are definitely capable of describing the

experimental data obtained in the course of investigations.

Table 3

Parameters of Freundlich and Langmuir isotherms for naphthol green B

Activated carbon
Freundlich isotherm Langmuir isotherm

k n R2 am k R2

Virgin 0.28 1.13 0.911 125.00 0.001 0.137

After the first regeneration 0.007 0.66 0.910 –20.40 –0.003– 0.459

Aafter the second regeneration 0.20 1.22 0.891 76.92 0.001 0.148

After the third regeneration 0.48 1.44 0.926 43.48 0.004 0.559

After the fourth regeneration 1.21 3.36 0.921 26.31 0.011 0.961

After the fifth regeneration 1.66 2.25 0.870 24.27 0.016 0.945

After the sixth regeneration 1.59 2.18 0.841 22.22 0.015 0.950

Dye adsorption on WDex activated carbon is also presented with a graph of the

dependence of selected dye removal percentage on subsequent regeneration cycles g

(Fig. 8.). The highest percentage of removal was 94% (virgin carbon) and 78% (carbon

after the fourth regeneration), for methyl blue and naphthol green B, respectively. On

the other hand, the lowest removal percentage was obtained for methyl blue in the

fourth regeneration cycle (75%), and for naphthol green B in the carbon first

regeneration cycle (55%).

Conclusions

Summing up model investigations into selected dyes described above, that is

naphthol green B and methyl blue, it can be stated that:
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– WDex activated carbon demonstrates high sorptive capacity, which is implied by

surface sorption values for virgin carbon: 60 mg/g (methyl blue) and 26 mg/g (naphthol

green B),

– the maximum removal percentage for methyl blue amounted to almost 94% (virgin

carbon), for naphthol green B that was 78% (carbon after the fourth regeneration),

– Fenton reagent used for regeneration made it possible to maintain carbon sorptive

capacity,

– Fenton reagent causes the oxidation of the adsorbed substance and the carbon

matrix, and also changes in the properties of carbon,

– a disadvantageous phenomenon that accompanies sorption on regenerated carbon is

a sorbent mass loss, which after six regeneration cycles amounts to almost 26%.
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ADSORPCJA MIESZANINY DWÓCH BARWNIKÓW NA WÊGLU AKTYWNYM

Katedra In¿ynierii i Ochrony Œrodowiska, Wydzia³ In¿ynierii Œrodowiska, Geomatyki i Energetyki

Politechnika Œwiêtokrzyska w Kielcach

Abstrakt: Wêgiel aktywny jest znany jako adsorbent ró¿nych zanieczyszczeñ znajduj¹cych siê w œciekach

i powietrzu. W pracy podjêto próbê oceny zdolnoœci sorpcyjnych wêgla aktywnego w odniesieniu do barwni-

ków bêd¹cych zanieczyszczeniami œcieków farbiarskich. Do badañ wybrano mieszaninê dwóch barwników,

b³êkitu metylowego i zieleni naftolowej B, a jako sorbent wêgiel aktywny WDex œwie¿y i regenerowany. Stê-

¿enie obu barwników wynosi³o 200 mg/g. Zdolnoœci sorpcyjne wêgla œwie¿ego wyra¿one wielkoœci¹ adsor-

pcji w³aœciwej wynios³y 60 mg/g, a po regeneracji – od 8 mg/g do 13 mg/g. Z danych eksperymentalnych wy-

kreœlono izotermy sorpcji oraz dopasowano teoretyczny model adsorpcji tj. model Freundlicha lub Langmuira.

Najwy¿szy procent usuniêcia dla b³êkitu metylowego wyniós³ 94% dla wêgla œwie¿ego, a najni¿szy – 75%

(wêgiel po IV regeneracji). Najwy¿szy procent usuniêcia dla zieleni naftolowej B wyniós³ 78% dla wêgla po

IV regeneracji, a najni¿szy – 55% (wêgiel po I regeneracji). Uzyskane wyniki wskazuj¹, i¿ zastosowany sor-

bent zarówno w postaci œwie¿ej, jak i zregenerowanej mo¿e byæ stosowany w procesach usuwania barwników

ze œcieków farbiarskich. Jednak badania modelowe musz¹ zostaæ sprawdzone na realnych próbkach œcieków.

S³owa kluczowe: Adsorpcja barwników, wêgiel aktywny, odczynnik Fentona, b³êkit metylowy, zieleñ

naftolowa B
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