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ABSTRACT

The fact that active carbon adsorps colourants and heavy metals has been known for a long time and thus it is used
as adsorbant in removal of such pollutants. In this study, the capacity of active carbon in removal of colourant was
investigated. As active carbon, Zivzik pomegranate from Siirt district of TURKEY was used and removal of
colourants of Methylene Blue and Crystal Violet was studied. Active carbon was prepared with ZnClI2 by chemical
activation. BET surface area, total surface volume and surface area of active carbon were measured by hte istrument
called BET. In our study, adsorptions Methylene Blue and Crystal Violet colourants to active carbon at 45°C were
evaluated for four different initial colourant concentrations of 200, 400, 600 and 800 mg/L graphically.

Key words: Dye, Clay, Adsorption, Isotherm
INTRODUCTION

Equilibrium of adsorption is expressed by equations of adsorption isotherms. Adsorption isotherms is very important
for design of adsorption systems. Adsorption isotherms, in general, explain how the adsorbant and adsorbat interact.
Four different adsorption isotherm equations (Langmuir, Freundlich, Dubinin—Radushkevich and Temkin) were
used for colourant adsorption.
Langmuir equation is given by;

_ TmaxEpCe

T
where . (mg/g) is concentration of adsorbat which is adsorbed by adsorbant in eqiiilibrium and C. (mg/L) ) is
concentration of adsorbant for a solution in equilibrium. K; (L/mg) and qu,.x (mg/g) are Langmuir constants. Kg
expresses adsorpability of adsorbat q...x defines single layer capacity of adsorbant. Unitless seperation factor of R;
can be found by Langmuir isotherm data:
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Here Cy (mg/L) is maximum initial colourant concentration and K (L/mg) is defined as Langmuir isotherm
constant.

Freundlich equation is in the form of ¢, = K C, " vhere Ky (L/ g) and n (unitless) are Freundlich constants which
are called as adsorbant capacity and heterogeneity factor, respectively ( Kuyucu A.E. , 2013).
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Temkin izoterm denklemi;
RT RT
qe= ?lnAJr? InC,
seklindedir. Burada; R : Gaz sabiti (J mol'K™") ve 7': Ortamun K cinsinden sicakligidir (Temkin ve Pyzhev, 1940).
Temkin isotherm equation is
RT RT
q.= ?lnA+? InC,
where R (J mol'K") is gas constant and T (K) istemperature of medium (Temkin ve Pyzhev, 1940).

Dubinin-Radushkevich isotherm equation is in the form of in g, = In ¢, — Bp & . Here g,, (mg/g) is Dubinin-
Radushkevich single layer capacity, Bp (mg”/J%) is a constant about adsorption energy and ¢ is polony constant
which is related to equilibrium concentration. B, (mg*J?) constant helps to find out adsorption energy (E).
Adsorption energy provide information about whether adsorption mechanism is of physical or chemical character.

Value of E can be calculated (Dubinin ve Radushkevich, 1947) as following: E = =5
4y -

=]

MATERIAL AND METHODS

Preparation of materials

Two dyes were used in the study. The dyes, Methylene Blue (MB) (Chemical Formula = C;sHsN3SCl, MW =
319.85 g/mol, e = 660 nm) and Crystal Violet (CV) (Chemical Formula = C,sN3H3,Cl, MW = 407.979 g/ mol,
Amax = 594 nm) were supplied by Merck. One thousand milligrams per liter of stock solution was prepared by
dissolving the required amount of dye in double distilled water. Working solutions of the desired concentrations
were obtained by successive dilutions. (Onal, 2006)

Preparation of activated carbon

Zivzik Pomegranate supplied by Siirt pomegranate plant were dried under labaratory conditions and then dried again
at 100 °C. Zivzik Pomegranate was mixed with ZnCl, at the ZnCl, initial weight ratio of 1:1 and the mixture was
kneaded with adding distilled water. The sample was placed on a quartz dish and heated at the rate of 10 °C min™ up
to activation temperature (500 °C) under N, flow and held at the activation temperature for 1 h. After activation, the
sample was cooled down under N, flow and 0,5N HCIl was added on to activated sample. Activated sample was
washed sequentially several times with hot distilled water to remove residual chemicals until it did not anymore
give chloride reaction with AgNO;. The washed sample was dried at 110 °C to prepare activated carbon (Selguk ,
2014).

Characterization of the prepared activated carbon

Activated carbon surface measurements were made by BET device. Its total surface area, total surface volume and
BET surface area were measured as 429,044 m*/g, 0,59232 cm®/g and 1513,05 m%/g, respectively (Selguk A.,2014).
Instrumentation

A Tri Star 3000 ( Micromeritics, USA) surface analyzer was used to measure nitrogen adsorption isotherm at 77 K
in the range of relative pressure 10 to 1. Before measurement, the sample was degassed at 300 °C for 2 h. The BET
surface area, total surface area and volume of the total surface were measured by the surface analyzer. The
spectrophotometric determination of dyes was done on a Boeco UV — vis spectrophotometer (model UV — S22,
Germany).

Adsorption experiments

To monitor the adsorption process at 45 °C batch techniques were employed. Four different initial dye
concentrations (200,400,600 and 800 mg/L) were used in this process. This concentrations were prepared in 1000
mL conical flask containing 500 mL solution of each concentration. A known amount of 0.1 g activated carbon was
then added into the solution and conical flask was stirred with thermostatic bath operating at 400 rpm. And then
samples taken about 1, 3, 5, 7,9, 13, 17, 23, 30, 40, 50, 60 and 70 minutes time period (Selguk A., 2014) .

RESULTS
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Figure 1:1-Langmuir, 2-Freundlich, 3-Dubinin-Radushkevich and 4-Temkin isotherm graphs of active carbon treated Methylene Blue

Table 1 : Isotherm contants of active carbon treated Methylene Blue

Langmuir Freundlich Dubinin- Radushkevich Temkin
Qmax (Mg/g) 909.091 n -31.347 qm (mg/g) 923.804 Br -29.887
K. (L/mg) -1 K¢ 1041.16 Bp (mg/1»)  -4.107 Ar(L/mg) 8.677.10°7'¢
Ry -0.0012 E (kj/mol) 1.118
R’ 0.99 R’ 0.85 R’ 0.54 R’ 0.85
a,1 6,87
0,09 6,86 vy =-0,0272x+ 6,924
0,08 6 as P RZ = 10,9107
0,07 ! *
0.06 6,84
= : =
& 005 = ©.83
0,04 6,82
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6,81
0,02 v =0,0011x- 00,0012
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Figure 2 : 1-Langmuir, 2-Freundlich, 3-Dubinin-Radushkevich and 4-Temkin isotherm graphs of active carbon treated Crystal Violet

Table 2 : Isotherm contants of active carbon treated Crystal Violet

Langmuir Freundlich Dubinin- Radushkevich Temkin
Qonax (/) 909.091 n -36.764 qu (mg/g) 912.693 Br -25.117
K. (L/mg) -1.09 K:  1016.37 Bp (mg/1»)  -7.107 Ar(L/mg) 3.149.10"
RL 0.0011 E (kj/mol) 8.174
R? 0.99 R? 0.91 R? 0.54 R’ 0.91
CONCLUSIONS

When corelation constants(R”) in the table were examined, it is seen that for the adsorption of both colourants
Langmuir equation is in better agreement than the others. Value of unitless seperation constant of Ry, that is
calculated by using a Langmuir parameter (K ), was calculated as 0.001. This result shows that adsorption process is
efficient. The value of corelation constant for Crystal Violet colourant was found as 0.91 in Freundlich and Temkin
equations and it is a satisfying reslt too ( Kuyucu , 2013). According to Dubinin-Radushkevich isotherm, if value of
E is in the range of 8—16 kJ/mol, then adsorption mechanism is the exchange of chemical ions. For values smaller
than 8 kJ/mol adsorption process is physical (Tunali ve ark., 2006). Values of E calculated from Dubinin-
Radushkevich isotherm equations are 1.118 kJ/mol for Methylene Blue and 8.474 kJ/mol for Crystal Violet
colourants. Thus, it can be stated that both adsorption processes are physical.Sgpr, Vi and S, values were measured as
1513,05 m%/g, 0,59 cm’/g and 429,044 m?/g, respectivly. This shows that active carbon contains moicropores and
mesopores..Adsorption capacity of both colourants increased for increasing temperature. It was understood that the
active carbon studied in this work can be used for removal of colourants from waste textile water.
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