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THE APPLICATION OF SELECTED ACTIVATED 

CARBONS TO DYE WASTEWATER TREATMENT

A b s t r a c t 

isotherm.
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1. Introduction

Activated carbon is obtained by carbonization and 

activation of raw materials such as charcoal, lignite, 

semi-coke, coke, peat, wood, lignin, fruit seeds, nuts 

shells, organic polymers, industrial waste (rubber, 

rubber Bakelite or overburden).

The materials named above are subjected to 

carbonization i.e. pyrolysis of source material. As 

a result a carbonized product with a disordered 

structure is obtained. This disordered structure leads to 

formation of slots, which transform into pores. These 

of decomposition (or at least blocked partially by 

disorgan-ized carbon). The obtained product has a low 

absorption activity, with the surface area of several 

m2

further developed and enhanced during the activation 

process. It converts the carbonized raw material into 

a form that contains the greatest possible number of 

randomly distributed pores of various sizes and shapes, 

The activation process is usually carried out in an air, 

CO
2
, or water vapour in the temperature ranges from 

800° to 900°C. Finally, the activated carbon with 

Activated carbons have a developed porous 

structure and the resulting high area surface with 

organic com-pounds, Hg, SO
2
, NO , polychlorinated 

and sewage (drinking water treatment, preparation 

of process water, preparation of medi-cated baths, 

substrates and products in the sugar industry, food 

industry, pharma-ceutical industry, cosmetic industry, 

chemical industry and acquisition of high grade 

purity substances). Activated carbons are also used as 

catalyst carriers in heterogeneous reactions in gas and 

As mentioned above, one of the important 

applications of activated carbons is water waste 

treatment, particularly industrial waste treatment. 

composition and different technologies used, industrial 

it has been a subject of numerous research projects 

contains dyes (more than 100 000 industrial dyes with 

[8]), mineral and silicon oils, polycyclic aromatic 
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hydrocarbons, pesticides, detergents, inorganic acids, 

processes by decreasing the light permeability in the 

water environment. Typical feature of such wastewater 

is the presence of hard-biodegradable compounds 

and their high loading. Depending on the dye class, 

O
2
/dm  [9]. High requirements related to wastewater 

discharge into the municipal sewer facilities [9], 

necessary to search for more effective solutions, for 

porous structure and large number of pores (micro, 

mezo- and macro pores) of activated carbons, as well 

as chemical properties of surface facilitate the dyes 

retention on the surface of activated carbons. The 

combination of sorption and traditional processes of 

waste water treatment makes it possible to remove 

diluted organic impurities. That w produces colour 

and smell, contribute to reducing the concentration 

to removing substances which pose direct threat to 

human health [11].

of eliminating crystal violet from a water solution 

by means of activated carbons. Crystal violet, i.e., 

triphenylmethane dyes called aniline dyes. It is used 

for fabric dying and production of paper products 

and printing paste. The dye is listed as harmful and 

dangerous to the environment. For that reason it has 

to be removed from the waterwaste.

Assessment of sorption capacity is one of the stages 

of research on wastewater treatment in the presence 

processes (AOP).

2. Experimental part

The research was focused on WD  and WG-12 

activated carbons, commercially used as sorbents.

2.1. Characteristics of investigated activated carbons

The porous structure was determined on basis 

of low temperature absorption of nitrogen (77 K). 

Absorption and desorption isotherm was determined 

by the volumetric method with Sorptomatic 1900 

and ASAP 2010 Micromeritics apparatus. Moreover, 

for the investigated carbons the following factors, 

qualities and properties were determined: the porous 

structure, the dechlorination capacity (determined 

the methylene number (determined according to 

Acidic-basic character of surface (the total content 

of acidic groups was determined by titration with 

0.01M solution of HCl against the unreacted 0.01 M 

samples of carbons. The total content of basic groups 

was determined by titration with 0.01 M solution of 

NaOH against the unreacted 0.01 M HCl, which had 

and the content of soluble substances (according to 

presented in Table 1.

Table 1. Physicochemical characteristics of investigated 

activated carbons
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3
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WD
ex

5 0.5 36 990 20.62 20.64 1.07 1050 0.95

WG-12 6 0.44 32 1230 32 8.85 2.48 980 0.89

2.2. Crystal violet sorption on investigated activated carbons

a) Sorption kinetics. 

activated carbons WD  and WG-12 were weighed 

cm  of crystal violet solution of concentration 

of about 20 g/dm  and shook for 12 hours. In 

solutions from above the activated carbons, the 

concentration of crystal violet was determined at 

hourly intervals.

b) Sorption isotherms
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with crystal violet solution of concentration of 

about 20 mg/dm  and shook for 12 hours.

The concentration of crystal violet was determined 

by the use of UV/VIS Marcel Media spectrophotometer 

at the wave length 

3. Analysis of the results

The assessment of physicochemical properties 

of chosen activated carbons determined by FIBDM 

(F – phenol, I – iodine, B – methylene blue, D – sodium 

lauryl sulphate, M – molasses) indicator was done in 

adsorption capacity of investigated activated carbons 

represent different groups of impurities occurring in 

waters, which vary in terms of chemical character, 

structure, and molecule size. The following substances 

are used as indicators: F – phenol (a simple ring, 

and ring molecules, about 2.8 nm average size) are 

used as indicators. The FIBDM indicator has a form 

scale from 0 to 9, (the higher number, the better 

carbon), indicates the activated carbon class in terms 

of its adsorption capacity in relation to the standard 

substance [11].

Data presented in Table 1 show that among the 

investigated activated carbons: WD  and WG-12, 

WD  is characterized by the bigger area surface and 

higher total volume of pores. The parameters for 

WD 2 /g respectively. This 

carbon has also the higher value of methylene number 

capacity. WG-12 carbon has lower area surface, 980 

cm /g and the volume of pores, 0.89 cm /g, which 

together with other parameters, indicates its weaker 

sorption capacity. 

The established sorption kinetics shows that 

contact-time of activated carbon-crystal violet lasts 

12 hours. The investigated carbons were used as 

sorbents of crystal violet from water solution. The 

sorption isotherms presented in Figure 1 prove that 

WD

highest surface acidity of 0.98 mval/g. This means 

that factors which foster crystal violet sorption 

include not only the surface area and availability of 

pores (which is indicated by the methylene number 

) and the detergent number (21 mg/g), but also 

negative charge of activated carbon surface resulting 

groups and from the interaction between positive 

charge of resonant structure of crystal violet and 

the second carbon, WG-12, which is 12 mg/g. It is 

pores, which is showed by the methylene number 

Fig. 1. Sorption isotherms of crystal violet on investigated 

activated carbons

The sorption process from the water solution can 

be described

– by the Langmuir equation:

                  (1)

where: y – the amount adsorbed, m – sorbent mass,  

C – concentration, a

constant, b

– and the Freundlich equation:

                             (2)

where: K

n

Calculated parameters presented in Table 2 indicate 

better matching of the results of crystal violet sorption 

on the investigated carbons to the Langmuir isotherm, 

which means that the saturation rate of carbon with 

the dye was achieved.
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Table 2.

equation for crystal violet adsorption on investigated 

activated carbons.

Activated

carbon

Freundlich isotherm Langmuir isotherm

K n R2 a b R2

WD
ex

9.73 1.92 0.956 50 0.33 0.997

WG-12 6.30 3.70 0.933 14.29 1.00 0.996

4. Summary

Activated carbons are commonly used as sorbents. 

Fresh, commercial active carbons and a crystal violet 

(as a dye) were used for the investigation. When 

removing crystal violet for the water solution with the 

use of the given activated carbon, the sorption capacity 

capacity depends on porous surface parameters, 

chemical properties of the surface, and the conditions 

of reaction. WD  activated carbon shows better 

carbon, WG-12, which is characterized by both higher 
2/g), the total volume of pores 

/g) and the high value of the methylene 

).

The presented results of the study related to the 

removal of the dye from the water solution with 

of the process. Long contact-time, however, causes 

a necessity to search for even better solutions, for 

funded from the Kielce University of Technology Didactic 

Potential Development Programme: Education for Success, 

The study employed Statistica software, the purchase of which 
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-

-

koksu, torfu, drzewa, ligniny, pestek owoców, sko-

rup orzechów, polimerów organicznych, odpadów 

-

-

-

-

-

wej kilku m2 -

dawany jest procesowi aktywacji, gdzie ma miejsce 

-

-

2
 lub 

pary wodnej w temperaturze w zakresie 800 – 900oC. 

-

-

-

-

-

nych, Hg, SO
2
, NO , odorów, polichlorowanych bi-

fenyli dioksyn, rozdzielanie mieszanin gazów), wody 

-

czym, farmaceutycznym, kosmetycznym, chemicz-

nym, oraz pozyskiwanie substancji o wysokiej klasie 

-

-

-

-

dzie barwniki (obecnie jest ponad 100 000 barwników 

-
6 ton rocznie [8]), oleje mineralne 

-

matyczne, pestycydy, detergenty, kwasy nieorganicz-

-

-

-

2
/dm  [9]. 

-

-

-

-
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-

-

-

i sorpcji, pozwala na usuwanie z wody rozpuszczo-

-

-

-

staliczny z roztworu wodnego z wykorzystaniem wy-

chlorowodorek heksametylo-p-rozaniliny, zaliczany 

jest do barwników trifenylometanowych, zwanych 

anilinowymi. Stosowany jest do 

barwienia tkanin, wyrobów papierniczych oraz farb 

drukarskich. Barwnik ten jest zaliczany do substancji 

-

Advanced Oxidation 

Process – AOP). 

2.

handlowe o symbolu WD  i WG-12, powszechnie 

wykorzystywane jako sorbenty.

2.1.

-

-

-

-

-

kwasowym oznaczono na podstawie miareczkowania 

roztworem 0,01 M HCl nadmiaru nieprzereagowane-

go 0,01M NaOH, którym uprzednio zalano próbki ba-

o charakterze zasadowym oznaczano na podstawie mia-

reczkowania roztworem 0,01 M NaOH nadmiaru nie-

przereagowanego 0,01 M HCl, którym uprzednio zala-

 

     aktywnych

a) Kinetyka sorpcji.

 od-

-

-

b) Izotermy sorpcji.

 i WG-12, 

-

w czasie 12 godzin. 

-

-

-

-

-
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adsorpcyjnej wobec substancji wzorcowej [11]. 

-

-

 dla 
2/g 

-

). To 

980 m2

-

-

rysunku 1 izoterm sorpcji, zgodnie z oczekiwaniem, 

, któ-

-

-

)  

-

-

-

-

-

powiednio równaniem Langmuira (1) i Freundlicha (2).

Wyliczone parametry przedstawione w tabeli 2 

-

-

4. Podsumowanie

-

krystalicznego z roztworu wodnego przy wykorzy-

-

od parametrów struktury porowatej i chemicznych 

-

 wykazu-

aktywny WG-12 (12 mg/g) na co wskazuje zarówno 
2 -

).

Przedstawione wyniki usuwania barwnika z roz-

tworu wodnego z wykorzystaniem procesu sorpcji 

-

-


