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The kinetics of sorption of three basic dyes, namely, Chrysoidine (B02), Astrazon Blue (BB3) and Astrazone Blue 
(BB69) onto sphagnum moss peat have been investigated. The study focuses on the application of three sorption kinetic 
models for predicting the uptake of basic dyes. The sorption behaviour is found to be second order, based on the assump- 
tion of a pseudo-second order mechanism. The rate constant of sorption, the equilibrium capacity and initial sorption rate 
with the effect of various peat doses and initial dye concentrations have also been predicted. 

On a etudie les cinetiques de sorption de trois teintures de base, a savoir Chrysoidine (BO,), Astrazon Blue (BB3) et 
Astrazone Blue (BB69) sur une mousse de sphaigne. L’etude porte sur l’application de trois modeles cinetiques de sorp- 
tion pour la prediction de la consomation des teintures de base. On a trouve que le comportement de sorption etait du 
second ordre, en s’appuyant sur I’hypothese d’un mecanisme de pseudo-second ordre. On a egalement predit la constante 
de vitesse de sorption, la capacite d’equilibre et la vitesse de sorption initiale avec I’effet des diverses doses de tourbe et 
des concentrations de teintures initiales. 
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he removal of dye from textile eMuents is one of the T significant environmental problems. Since water is a 
valuable material it should not be polluted by the discharge 
of industrial effluents. Sorption techniques produce high 
quality treated effluents and sorption processes have been 
investigated as a method to remove dyes from wastewater. 
Mckay et al. (1981a,b,c; 1982; 1985; 1987) have used low 
cost sorbents such as peat, wood, silica, chitin, Fuller’s earth 
and bagasse pith for the removal of acid and basic dyes from 
aqueous solutions. 

In recent years, sorption has been accepted as one of the 
most appropriate processes, for the purification of water and 
wastewater. The prediction of batch sorption kinetics is nec- 
essary for the design of industrial sorption columns. However, 
sorption kinetics show a large dependence on the physical 
and/or chemical characteristics of the sorbent material 
which also influences the sorption mechanism. Other rele- 
vant factors include sorbate-sorbent chemical properties and 
system conditions. The sorption mechanism has usually 
been described by the pseudo-first order Lagergren equation 
(Khare et al., 1987; Namasivayam and Yamuna, 1992; Low 
et al., 1995; Mittal and Gupta, 1996; Banerjee et al., 1997) 
and multiple first order kinetics have been also represented 
in some sorption systems such as proteidsilica (Sarkar and 
Chattoraj, 1993), mercury(II)/kaolinite (Singh et al., 1996) 
and persistent/kaolinite ( A m  and Sismanoglu, 1996). 

The sorption of dyes on various sorbents has been reported 
as pseudo-first order by many authors (Namisivayam et al., 
1996; Atun and Sismanaglu, 1996; Lee et al., 1996). There 
is only limited second order data available for sorption 
kinetics on peat; pseudo-second order mechanisms (Gosset 
et al., 1986; Ho et al., 1994) have been proposed to explain 
metal ion sorption processes. Other researchers (Allen et al., 
1995) have analysed dye and metal sorption on peat based 
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on an external mass transfer mechanism. The sorption of 
basic dyes on peat has been studies (McKay and Allen, 
1980) and analysed using a diffusional mass transport 
model. However, no attempts have been undertaken to 
assess dye sorption onto peat using pseudo-second order 
sorption kinetic models. 

The purposes of this paper are to propose and test a sorp- 
tion model to predict the kinetic behaviour for the batch 
sorption of basic dyes. A pseudo-second order mechanism 
has been developed and applied to the sorption of three 
basic dyes and the effect of peat dose and initial dye con- 
centration has been studied. 

Materials and methods 

SORBENT 

The experiments were conducted with sphagnum moss 
peat obtained from Northern Ireland. The peat as supplied, 
was dried at a temperature of 85 f 5OC for 3 h and stored in 
sealed containers. The sample was broken-up using a ham- 
mer mill and finally sieved into different fractions. The peat 
surface area was found to be 27 m2+g-l by BET analysis 
using nitrogen. The absolute peat density using hexane was 
1250 k g ~ m - ~  and its equilibrium moisture content was 
14.5% by weight. The ash content was 1.8% by weight and 
an elemental analysis was determined: C = 48.8%; H = 
5.6%; N = 1.3%; S = 0.7%. 

The apparatus used to determine the contact time data has 
been described previously (McKay and Allen, 1980). 

Adsorption isotherms were obtained by shaking 0.5 g 
samples of peat with 50 ml dye solution using concentra- 
tions from 10- 2000 mg/dm3 for a contact time of 5 d. After 
agitation the flasks are set aside to stand and then filtered 
using small quantities of glass wool. The first part of the fil- 
tered liquor was discarded to eliminate the effects of any 
adsorption on the glass wool. The concentration of colour- 
ing matter was determined using an Optica double beam 
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TABLE 1 
Experimental Details 

Variable Basic Orange 2 Basic Blue 3 Basic Blue 69 
0.294, 1.18, 1.77, 0.294, 0.397, 0.536, 0.556, 2.22, 3.33, 

(Co = 125 mg/dm3) 

Peat Mass (g) 
2.35. 0.735. 4.44. 

(Co = 105 mg/dm3) (Co = 200 mgidmj) 

Dye Concentration 26.3, 52.5, 78.8, 105. 25, 50, 75, 100. 20, 50, 100, 200. 
(rngldm') (mass = 0.5 g) (mass = 0.3 g) (mass = 1 .O g) 

Agitation Speed 400 400 400 
(rpm) 

Temperature ("C) 20 f 2 20 f 2 20 * 2 

Solution Volume 1.7 1.7 1.7 

Particle Size (pm) 71 &I000 7 1 &I 000 500-7 10 

(dmi) 

spectrophotometer and a 1 cm light path cell was employed 
for all determinations. The wavelength was selected so as to 
obtain maximum adsorbance for each dye. All tests were 
made at room temperature (20 f 2°C) to eliminate any tem- 
perature effects. 

Blank experiments were performed (i) without peat to 
check that no dye adsorbed onto the container jars, and (ii) 
with peat and water only to ensure that no leaching occurred 
which would interfere with the measurement of dye concen- 
trations on the spectrophotometer. 

SOKBATES 

The sorbates and their structures used in the experiments 
are listed below. The dyestuffs were used as the commercial 
salts. 

Chrysoidine GS ((2.1. Basic Orange 2) was supplied by 
Ciba-Geigy. 

; b N H  1'CI 

Astrazon Blue BG (C.I. Basic Blue 3 )  was supplied by 
Ciba-Geigy. 

(C $f&N 

Astrazone Blue FRR (C.I. Basic Blue 69) was supplied 
by Ciba-Geigy. 

No structure is available for this dye. It belongs to the 
methine class, of which the chromophore is a conjugate 
chain of carbon atoms terminated by an equivalent unsat- 
ured group. 

SYSTEM VARIABLES 

Batch agitation experiments were carried out to study the 
effect of peat mass and initial metal ion concentration. The 
experimental conditions are summarised in Table 1. 

Results and discussion 

EFFECT OF PEAT DOSE 

The sorption kinetics of basic dyes, namely, Chrysoidine 
(B02), Astrazon Blue (BB3) and Astrazone Blue (BB69) on 
peat are shown in Figures 1 to 3 respectively. The figures 
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Figure 1 - Effect of peat dose on the sorption of B 0 2  onto peat. 

show the amount of dye sorbed in mg/g peat against contact 
time using various masses of peat. These plots show that for 
all peat doses, the amount of dye sorbed increases rapidly 
with time in the beginning and very slowly towards the end 
of the reaction. Furthermore, a large fraction on the total 
amount of dye was removed within a short time. In the first 
step the sorbate molecules are sorbing onto the surface 
where there are no other such molecules and consequently 
the sorbate-sorbate interactions are negligible (Varshney 
et al., 1996). This is supported by the fact that in this initial 
region the equation for the first order reaction is applicable. 
Equation (1) represents the first order reaction proposed by 
Lagergren (1 898): 

. . . . . . . . . . . . . .  (1) 

integrating this for the boundary conditions t = 0 to t = t and 
qt = 0 to qt = qr Equation (1) may be arranged for linearized 
data plotting as shown by Equation (2): 

The pseudo-first order plot of log(ql-q,) versus time for 
various peat doses is shown in Figure 4 for the initial 30 min 
for the sorption of B02 and BB69. It can be seen in Figure 4 
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Figure 2 - Effect of peat dose on the sorption of BB3 onto peat. Figure 4 - First-order kinetic plot for the sorption of B02 onto 
peat at various peat doses. 
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Figure 3 - Effect of peat dose on the sorption of BB69 onto peat. 

the experimental points and theoretical lines deviate rapidly 
and extensively after 30 min. Table 1 shows that the first 
order correlation coefficients, r:, for these studies are 
greater than 0.959 for the first sorption step (30 min). 
Consequently these sorption data may follow a first order 
reaction mechanism in the early stages of the sorption 
process, but it is difficult to assess whether the mechanism 
suddenly changes from first order or the transition is gradual. 

It is often incorrect to apply simple kinetic models such as 
first- or second-order rate equations to a sorption with solid 
surfaces which are rarely homogeneous and because effects 
of transport phenomena and chemical reactions are often 
experimentally inseparable (Sparks, 1989). Multiple first 
order kinetics have been represented in some sorption systems 
such as proteidsilica (Sarkar and Chattoraj, 1993), mer- 
cury(II)/kaolinite (Singh et al., 1996) and persistentkaolinite 
(Atun and Sismanoglu, 1996). In the multiple first order 
kinetics sorption process, the first stage is attributed to the 
initial binding or anchorage of protein molecules with the 
active spots of solid surface by removal and reorganization 
of surface-bound water leacking. The second stage is attrib- 
uted to the denaturation and reorganization of the bound 
biopolymer at the interface, leading to the formation of spread 
films (Searcher and Chattori, 1993). Atuna and Sismanoglu 

(1996) reported that in the case of two kinetics steps, the 
first step of sorption was more rapid than the second one and 
the sorption rate is controlled by either a film diffusion or a 
intraparticle diffusion. It might be because that kaolinite is a 
clay and its macroscopic structure is probably closer to a 
microporous ‘honeycomb’ than a macroporous ‘capillary’ 
system (Lockhart, 1980). 

The kinetics of sorption processes are concerned with 
force fields between sites and dyes and form an important 
area of surface chemistry. The experimental data in this 
paper have been analysed using a pseudo-second order 
mechanism according to Equation (3), which on integration 
becomes Equation (4). 

. . . . . . . . . . . . . . . . . . . . .  . . . . .  (3) 

1 . . . . . . . . . . . . . . . . . . . . . . . . . .  = - + k t  (4) 
1 

(qe -91) qe 

where qe is the amount of dye sorbed at equilibrium, (mg/g) 
and k is the equilibrium rate constant for pseudo-second 
order sorption, (dmgmin). A pseudo-second order mecha- 
nism could OCCLU due to the ability of dyes to form micelles 
in aqueous solution. If the dyes exist as dimeric micelles, 
then a possible pseudo-second order mechanism is shown: 

(Dye):+ +  eat = (Dye)* Peat, 

Equation (4) can be arranged to obtain a linear form as 
shown: 

( 5 )  
t l l  

-=- f - t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
qt kqe qe 

and as t + 0, the initial sorption rate, h (mdgmin) is: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  h = kq,2 (6) 

It was found that the equilibrium sorption of dye is a h c -  
tion of peat dose. The rate constant, k, the equilibrium sorption, 
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TABLE 2 
The Effect of Peat Dose on Basic Dye Sorption Data 

"., v2 4, k h .: 41 kl r? ki 
B02 0.294 0.981 114 4.48 x 10-4 5.86 0.963 110 3.35 x I t z  0.933 15.1 

1.18 0.996 91.6 6.59 x 10-4 5.53 0.977 70.0 2.10 x 0.987 8.37 
I .77 0.999 65.5 14.5 10-3 6.2 1 0.975 51.7 4.01 x I t 2  0.958 8.89 
2.35 0.997 47.8 3.69 x IC3 8.43 0.959 33.3 5.98 x I t 2  0.934 6.25 

BB3 0.294 0.984 258 1.04 x 10-4 6.92 0.985 224 1.36 x 1 r 2  0.979 18.8 
0.397 0.987 238 1.22 x 10-4 6.91 0.995 I99 1.28 x I t 2  0.994 17.6 
0.536 0.991 207 1.80 x 10-4 7.71 0.987 163 1.31 x 1C2 0.996 15.0 
0.735 0.994 168 3.05 x 10-4 8.62 0.995 130 1.76 x 0.997 13.9 

BB69 0.556 0.989 175 2.19 x 10-4 6.67 1.000 166 2.45 x lW2 0.996 20.1 
2.22 0.998 87.2 1.37 x IW3 10.4 0.995 43.7 5.74 x 0.974 11.1 

4.44 0.999 46.1 6.54 x Ic3 13.9 0.982 29.4 8.11 x I t 2  0.947 5.95 
3.33 0.999 60.4 3.04 10-3 11.1 0.97 1 66.1 3.92 x 1W2 0.984 8.07 

m,:gldm', qe, q,:mg/g, k:g/mg.min, h: mg/g.min, k,: I/min, k; mg/g.mi~~O.~. 

TABLE 3 
The Effect of Initial Concentration on Basic Dye Sorption Data 

CO v2 462 k h r: 41 kl r,? ki 

78.8 0.994 128 2.16 x 10-4 3.54 0.992 120 1.86 x 1 t 2  0.977 1.22 
105 0.991 126 1.85 x 10-4 2.93 0.987 1 I8 1.38 x I t 2  0.998 1.01 

B02 26.3 0.992 73.8 4.10 x 10-4 2.23 0.999 67.2 1.69 x 1 t 2  0.991 6.52 
52.5 0.992 100 4 . 1 7 ~  10-4 4.19 1 .ooo 91.5 2.54 x I t 2  0.999 1.17 

BB3 25.0 0.964 139 8.80 x I @  I .70 0.904 140 9.61 x I t 3  0.897 10.6 
50.0 0.984 232 5.06 x I t 5  2.73 0.93 1 238 1.02 x 0.927 19.0 
75.0 0.975 312 3.38 x IW5 3.29 0.955 307 8.17 x I t 3  0.947 21.4 

100 0.978 375 2.51 x IW5 3.52 0.950 368 7.45 x I t 3  0.940 24.0 
BB69 20.0 0.998 32.6 2.18 x I t 3  2.31 1.000 25.0 2.80 x I f 2  1.000 3.39 

50.0 0.989 81.6 4.87 x 10-4 3.24 0.978 65.4 1.54 x 0.993 6.17 
1 00 0.995 145 2.38 x 10-4 4.99 0.999 124 1.51 x I t 2  0.999 11.2 
200 0.974 254 7.68 x I t 5  4.94 0.989 235 1.34 x IF2 0.965 18.9 

Co:mg/dm', 4, q2:mg/g, k:g/mg.min, h: mg/g.min, k,: l/min, ki: mg/g.min0,5. 

qe, and the initial sorption rate, h of sorption at various peat 
doses were calculated from the intercept and slope of the 
straight line plots of t/qt versus t in Equation (5) .  Table 2 
shows the rate constants k, and k for the pseudo-first order 
and pseudo-second order mechanisms proposed and obtained 
from the plots of Equation (3) and ( 5 )  respectively. The the- 
oretical plots of qt versus time using the pseudo-second 
order model are shown by the solid lines in Figures 1,2 and 3. 
A third model is also used as a basis for comparison and this 
assumes intraparticle diffusion. An intraparticle diffusion 
parameter, k ,  has been defined by Weber and Morris (I  963) 
and is shown in Equation (7): 

(7) k . = -  41 . 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 2 shows that the equilibrium sorption of dye 
increased with a decrease in the peat dose and the initial 
sorption rate and rate constant increased with an increase in 
the peat dose. The intraparticle diffusion correlation coeffi- 
cient, 4, is based on the results for the first hour only, as 
Figure 5 shows the experimental data and model line devi- 
ate very considerable after this initial period. The linear 
regression correlation coefficients for Equation (3), ( 5 )  and 
(7) are shown as r f ,  1-2 and r,? respectively and over the sorp- 
tion time range considered (first order, 30 min; second 
order, whole sorption period; intraparticle diffusion, 60 min) 
the experimental data are best represented overall by the 
pseudo-second order kinetic model. 

300, 

v-r--  -_ 
0 2 4 6 8 10 12 14 16 

nmaoa. (rnin'J) 

Figure 5 - Intraparticle diffusion kinetic plot for the sorption of 
BB3 onto peat at various peat doses. 

EFFECT OF INITIAL CONCENTRATION 

The effect of initial dye concentration on the rate of sorp- 
tion for three systems was studied. The intraparticle diffu- 
sion coefficients, ki were determined and Figure 5 shows the 
amount of BB3 per unit weight of peat against square root 
of time. This model generates best fit straight lines only in 
the initial 30 min for B02 and BB69 and 60 min for BB3. 
This suggests that for dye sorption onto peat, the mechanism 
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Figure 6 - Equilibrium isotherms showing contact time operating 
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could be represented by intraparticle diffusion for the first 
step of sorption. Table 3 shows the intraparticle diffusion 
correlation coefficients, r;, and the intraparticle diffusion 
constants, ki. Figure 5 shows how the correlation between 
experimental results and predicted data devaite after this ini- 
tial time period. The mechanism may change due to the vari- 
ation of internal pore sizes and a different approach is 
required to model the whole sorption period. The first order 
coefficients were also determined within the same time period 
in the beginning of the reaction and the first order correla- 
tion coefficients, r:, sorption capacities, q, and rate con- 
stants, k,, are shown in Table 3. In the first 30 min of the 
sorption of basic dyes on peat, the mechanism follows the 
pseudo-first order sorption rate expression of Lagergren 
with a high correlation coefficient, r:. However, the fits 
between experimental results and predicted data become 
poor after this initial time period. 

The rate constant, k, the equilibrium sorption, qe, and the 
initial sorption rate, h, at various initial concentrations were 
calculated from the intercept and slope of the straight line 
plots of tlq, versus t in Equation (5) using the pseudo-second 
order model. Table 3 shows that the equilibrium sorption, 
qe, of dye increased with an increase in the initial dye con- 
centration and the pseudo-second order rate constant, k, also 
increased as the initial dye concentration was decreased for 
the three basic dyes studied. The correlation coefficients rz, 
r,? and r; are shown in Table 3. It was found that the equi- 
librium sorption of dye is a b c t i o n  of initial Concentration. 
For the sorption of basic dyes and peat systems, chemical 
reaction seems significant in the rate controlling step and 
also the pseudo-second order chemical reaction kinetics pro- 
vide the best correlation of the experimental data over the 
first four hours of the sorption process. 

The isotherms for the three basic dyes are shown in 
Figure 6. The operating lines, slope -V/m for each of the 

TABLE 4 
Comparison of Measured Isotherm q; Values with Predicted q, 

and q, Values 
Dye CO q e  4r 4: 
B02 26.3 73.8 67.2 75 

52.5 I00 91.5 I05 
78.8 128 120 125 

105 126 1 I8 130 
BB3 25.0 I39 140 I35 

50.0 232 238 235 
75.0 312 307 330 

I00 375 368 315 
BB69 20.0 32.6 25.0 35 

50.0 81.6 65.4 85 
100 145 124 145 
200 254 235 255 

twelve initial dye concentration experiments have been con- 
structed on the three equilibrium curves. These isotherm 
solid phase equilibrium concentrations, q;, for each experi- 
ment can be obtained directly from the operating lines starting 
from a point, C,, where q, = 0 for fresh peat. The q; values 
are compared with the sorption kinetic models values in 
Table 4, for the pseudo-second order schem, q. The agree- 
ment between q; and qe is very close providing further indi- 
rect support for a pseudo-second order model. 

No studies were carried out relating to the recovery of 
dyes from peat. However, peat is used extensively as a 
cheap fuel and therefore by dewatering the spent peat plus 
dye, it can be burned and heat generated. The calorific value 
of the dyelpeat was determined in this study and found to be 
1250 kJkg on a dry weight basis. It may also be possible to 
recover the dyes by solvent extraction, however, the leach- 
ing out of other components from the peat is likely. 

Conclusions 

The study focuses on the application of three sorption 
kinetic models for predicting the uptake of basic dyes. A 
pseudo-second order mechanism has been considered which 
enables the rate constant of sorption, the equilibrium capac- 
ity and initial sorption rate to be determined as a function of 
various peat doses and initial dye concentrations. For all of 
the systems studied, a pseudo-first order and an intraparticle 
diffusion model fit the experimental data well for a short ini- 
tial period. However, over a long reaction period the pseudo- 
second order model provides the best correlation between 
experimental results and predicted data over the whole sorp- 
tion period. 

Nomenclature 

C, = liquid phase equilibrium dye concentration, (mg/dm3) 
C, = initial liquid phase dye concentration, (mg/dm3) 
h = initial sorption rate for pseudo-second order model, 

k = pseudo-second order rate constant, (g/mg.min) 
k, = pseudo-first order rate constant, ( m i d )  
ki = intraparticle diffusion rate parameter, (mg/g.mit~O.~) 
q; = experimental solid phase equilibrium dye concentration, 

q, = theoretical pseudo-first order model predicted equilibrium 

q, = theoretical pseudo-second order model predicted equilibrium 

qt = solid phase dye concentration at time, t ,  (rng/g) 

(mg/g.min) 

(mg/g) 

solid phase dye concentration, (mg/g) 

solid phase dye concentration, (mg/g) 
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? = linear regression correlation coefficient for pseudo-second 
order model 

r,’ = linear regression correlation coefficient for intraparticle 
diffusion model 

r,? = linear regression correlation coefficient for pseudo-first 
order model 

t = time, (min) 
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