
Selcan Karakuş et al.,      J.Chem.Soc.Pak., Vol. 39, No. 01, 2017 17

Removal of Basic Blue 3 from the Aqueous Solution with Ternary Polymer 
Nanocomposite: Swelling, Kinetics, Isotherms and Error Function
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Summary: Ternary nanocomposite (Gum Arabic / PVA / Alginate) adsorbent was prepared by a 
cost effective method for dyes removal, because gum arabic and alginate are the cheapest materials.
Gum arabic is a natural gum. Alginate that  has long carboxylate functional group is a biosorbent. In 
this study, Gum arabic/PVA/Alginate was prepared that this absorbent has the high specific surface 
area. BET was measured  as 12.93 m2/g. Swelling of adsorbent was determined at different pH. For 
the maximum swelling ratio was obtained at pH 6.887, adsorption experiments were studied by the 
batch method. Freundlich, BET and Langmuir isotherm methods were applied at different 
concentrations and constant temperature 25o C. Finally, the adsorption capacity of the nanocomposite 
was calculated as 200 mgg-1. The different adsorption kinetic models were studied at temperature 
from 25°C to 45°C and different concentrations. The thermodynamic parameters as ΔHo, ΔGo, and 
ΔSo were calculated.
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Introduction

Water pollution is one of the environment 
problems which will cause severe impact to living 
organisms. Some of these dyes are toxic and 
carcinogenic, such as azo, anionic (acidic), cationic
(basic) dyes. Therefore, the necessity of dye 
wastewater undergo pretreatment prior of disposal is 
important. Basic dyes (cationic) are a commercial 
available synthetic dyes and these dyes are widely 
used at textile industry. Basic dyes are used in textile 
such as silk, leather, paper, cotton, ink and copying 
paper in office supplies industry. Basic Blue 3 BB3 is 
an oxazine cationic dyes which create positively 
charged ions.

Gum arabic, also known as acacia gum, is a
natural gum made of hardened sap taken from two 
species of the acacia tree. It is cheap and natural 
polymer. Gum arabic is used primarily in the food 
industry as a stabilizer. Both Gum Arabic and 
Alginate are content polysaccharides and 
glycoproteins groups. Polysaccharides and 
glycoproteins have alcohol and carboxyl groups. 
When extra carboxyl groups are formed by matching 
these groups, the cationic dyes having cationic 
groups are easily adsorbed. So, Gum Arabic / PVA / 
Alginate (GPVAA) was preferred for adsorption of 
Basic Blue 3 (BB3). 

Nanocomposites consist with nano-size 
distribution of multiple materials. Especially, several 
binary studies of polymer-clay have been made for 
nanomaterial. Using crosslinkers, the polymer / clay
or polymer / polymer mixtures are obtained
nanomaterials [1]. As adsorbent, alg [2], agricultural 
waste [3-5], clay [6, 7], resin [8], polymer [9], carbon 
nanotubes (CNT) [10], nanocomposites [11] is used 
for removal of dangerous waste such as dyes, 
pesticide and heavy metal. In the recent years 
remarkable amount of researches have been done 
adsorption of BB3 on the low cost and easily 
available alternative adsorbents, such as Quartenised 
Sugar Cane Bagasse [12], Corynebacterium 
glutamicum biomass [13], Aleppo pine-tree sawdust 
[14] sepiolite, fly ash and apricot shell activated 
carbon [15], Lewatit MonoPlus SP 112 (SP 112), 
functionalized Dowex Optipore SD 2 (SD 2) and 
non-functionalized Amberlite XAD 1180 (XAD 
1180) [16] etc. Although these researchers use the 
cheapest adsorbent,adsorption capacity of these 
adsorbents are very low [12-15] .Whereas, cost of 
adsorbents with high adsorption capacity is very high
[16].

Therefore, the aim of this study was to 
investigate the capability of ternary nanocomposite to 
remove basic dye, Basic Blue 3 (BB3). In this study, 
before the swelling behaviour of the ternary 
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nanocomposite (Gum Arabic /PVA/Alginate) was 
characterized by gravimetrically for the different pH 
medium and then the adsorption of BB3 was studied 
on this ternary nanocomposite. The  adsorption of 
BB3 onto Gum Arabic /PVA/Alginate from aqueous 
solutions was determined by UV-vis spectroscopy.
The adsorption isotherms models of BB3 were
studied at 25 oC and different concentrations for 
Langmuir, Freundlich and BET. The adsorption 
kinetic studies of BB3 were investigated at 
temperature between 25 °C and 45 °C and different 
concentrations.

Experimental

Chemicals

Polyvinyl alcohol (PVA) (average molecular 
weight: 30.000-70.000, 85% hydrolyzed), and
sodiumalginate (Alginic acid sodium salt from brown 
algae, viscosity ≥ 2.000 cP, 2 % (25 °C) were
purchased from Sigma-Aldrich. Glutaraldehyde (50% 
solution in water) was purchased from Merck. The
textile dye Basic Blue 3 (BB3) were purchased from
Aykar Boya (Turkey).

Instrumentation

For the spectrophotometric measurements 
were used CHEMBIOS Optimum-One UV-visible 
spectrophotometer. The maximum absorbance value 
of BB3 was measured at 669 nm. Structure of the 
ternary adsorbent was determined by FTIR (Perkin 
Elmer Precisely Spectrum One FTIR) before 
adsorption and after adsorption. Determination of wet
/ dry weight values of this ternary adsorbent were 
made by analytical balance (RADWAG AS 220 / C /
2).

Preparation of Gum Arabic / PVA / Alginate Ternary 
Nanocomposite (GPVAA)

0.1 g of PVA was solved in 10ml deionized 
water at 50oC and 0.1 g of Gum Arabic were added 
into the solution and the mixture was stirred for 2 h. 
After  0.01 g of sodiumalginate and cross-linker 
(glutaraldehyde) were added to this mixture. The 
ternary nanocomposites films were dried at 45 oC for 
12 h.

Procedure

Batch adsorption experiments were carried 
out by using GPVAA as the adsorbent. Stock solution 
of BB3 (500 ppm) was prepared in the distilled 
water. Before, the adsorbate concentration were 
adjusted between 295 ppm and 40 ppm, then 
absorbance values of these samples were measured 

by UV-vis spectrophotometre at 669 nm. The 
calibration graph of absorbance versus concentration 
followed a linear Lambert–Beer relationship [17].  

Adsorbate (BB3) volume 10 ml and 
adsorbent (GPVAA) amount 0.04 g were taken in the 
adsorption experiments. So, the V/m ratio value was 
fixed as 0.25 L g-1 and pH of  solutions were 
measured as 6.88 during adsorption process. Kinetic 
experiments of adsorption were studied at the 
different temperatures (25-45 oC) and the kinetic 
study was fixed at time intervals, as 5, 10, 30, 45, 75, 
100 minutes. All samples were centrifuged for 10 
minutes at constant string speed of 4000 rpm.
Adsorption isotherms of BB3 were performed 
between 40 and 295 ppm concentrations at 25 oC 
temperature. Before and after adsorption of basic 
blue 3 (BB3) onto GPVAA are as seen in Fig. 1.
Amount of adsorbed (mg g-1) was calculated by using 
the following relationships [18]. For five 
concentrations, the different adsorption kinetic 
models were studied at temperature from 25 °C to 45
°C. For each temperature, equilibrium of adsorption
BB3 on GPVAA has been reached at 100 minutes as
shown in Fig. 2. Also, the gravimetric procedure was 
used to calculate the equilibrium swelling ratio of the
GPVAA samples in water and in buffer solution of 
pH 4-11 at 25 °C. For all samples, the surface of 
sample was dried using filter paper and weighed. 

        

 (A)

 (B)

Fig. 1: For 295 ppm concentration of BB3 on GPVAA 
(A) before adsorption, (B) after adsorption
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Fig. 2: Plots of concentrations of BB3 vs time at 25oC.

Results and Discussion

Swelling rations of GPVAA

The equilibrium swelling ratio of the 
GPVAA samples were determined in water and in 
buffer solution of pH 4-11 at 25 °C. The equilibrium 
swelling ratio is defined as follows equation 1:

%Swelling ratio = ws- wdwd × 100
(1)

where;  ws  the weight of the swollen sample, wd  the 
weight of the dried sample.

Maximum swelling ratio to reach the 
equilibrium states was occurred in water for 45 
minute % 701 at pH 4. But, this maximum swelling 
ratio was obtained for 180 minute % 712.35 at pH 7, 
as shown in Table-1. For pH 4, GPVAA was 
disintegrated after 45 minutes. But this absorbent
(GPVAA) was cleaved after 15 minutes at pH 11 [19,
20].

Table-1: % Swelling ratio of GPVAA in the different 
pH.

Time (min.) pH 4 pH 7 pH 11
0 0.00 0.00 0.00
15 170.61 80.99 388.27
30 415.45 101.60 -
45 701.01 232.27 -
60 - 428.98 -

120 - 601.01 -
180 - 712.35 -

Characterization 

The BET surface areas of Gum 
arabic/PVA/Alginate are measured. Before 

adsorption, the pore diameters of this adsorbate and 
the surface areas  have found as respectively  12.93 
m2g-1 and 36.5 nm. After adsorption, the pore 
diameters of this adsorbate and the surface areas  
have found as respectively 5.68 m2g-1 and 39.85 nm

For FTIR spectra of BB3, the peaks 
observed aromatic rings, CH3 bond bending and C=N
bond stretching, respectively at the 2970-2870 cm-1,
1590 cm-1. The structure of dye molecule have aryl 
C-N and alkyl C-N stretching bands and thes  bands  
are monitored a peak respectively at 1340-1267 cm -1

and 1150-1000 cm-1.

For FTIR spectra of GPVAA, 3400 cm-1

indicates the possible of -OH on the surface. 2940 
and 1325 cm-1 show that the peaks are C-H bond 
bending. Also, 1750 cm-1 region can be assigned to 
the C=O stretching and N-H bond bending at 1540 
cm-1. The peaks located at the 1150-1000 cm-1 wave 
numbers belong to C-O vibrations in the rings. 

For FTIR of BB3 + GPVAA, BB3 
belonging to, the peaks  disappeared between 1590 
and 1000 cm-1 wavenumbers. Also, GPVAA 
belonging to, the peaks of C-O bond bending
deformed at the 1150-1000 cm-1 as seen in Fig. 3.

Fig. 3: FTIR curves;  (A) BB3,  (B)  GPVAA,  (C) 
BB3+ GPVAA.

SEM micrographs of GVPAA before 
adsorption, the cracks and slits were observed on 
rough surface of GPA. After adsorption of BB3, 
these cracks and slits were completely disappeared as 
seen in Fig. 4. The surface of ternary nanocomposite 
was smooth. In this case suggest that adsorption 
process occurred onto adsorbent surface.
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Fig.  4: SEM micrographs of GPVAA; (a) in the 
absence of adsorbate molecules (b) after 
BB3 adsorption.

Kinetics and Thermodynamic

For kinetics mechanism of adsorption 
processes, the pseudo-first-order, pseudo-second 
order and intra-particle diffusion equations were 
applied to model the kinetic of BB3 adsorption on
GPVAA at three temperatures. For the calculation of 
kinetics, each concentration of BB3 equilibrium time 
of adsorption was taken as 100 minutes.

The adsorption process in a given system 
were determined in this study using the pseudo-first-
order rate equation as estimated by [21,22] and  the 
pseudo-second-order equation [23] and  the intra-
particle diffusion [24]. For each concentrations of 
BB3, the rate of constants of pseudo-first order has 
changed with increasing temperature as unsteady.
The rate of constants of intra-particle diffusion has 
changed with increasing temperature for the lowest

concentrations of BB3 as irregularly. But, these rate 
of constants have increased with increasing 
temperatures for the highest concentrations of BB3 as 
regularly. For the intra-particle diffusion ,the rate 
controlling step of adsorption process was realized by 
using Weber and Morris model, as seen in Table-2
and 3. Also, qt versus t1/2 are shown in Fig.5. For this 
adsorption mechanism, the intra-particle diffusion 
has occurred in single step for each concentration and 
these graphics have not gone through the point of 
origin. This means that the solute molecules is spread 
by diffusion to the boundary layer and the adsorption 
mechanism can thought to be very complex [25]. 

Fig. 5: Weber and Morris model for adsorption of  
BB3 on GPVAA.

Table-2: Kinetic parameters for  40, 100, 155 ppm.
40 ppm

qexperimental

(mgg-1)
t/oC k1 (min-1) qcalculated  (mgg-1) R2 k2

(gmg-1min-1)
qcalculated (mgg-1) R2 ki

(mgg-1t-0.5)
R2

10.2 25 0.012 2.40 99 0.051 11.0 98 0.051 99

12.1 35 0.021 2.20 95 0.062 12.0 98 0.042 94
14.2 45 0.031 1.88 95 0.086 14.8 99 0.034 90

100 ppm
qexperimental

(mgg-1)
t/oC k1 (min-1)

qcalculated  

(mgg-1)
R2 k2  

(gmg-1min-1)
qcalculated

(mgg-1)
R2 ki  

(mgg-1t-0.5)
R2

12.8 25 0.031 5.56 96 0.011 13.2 97 0.094 94
18.2 35 0.019 3.20 92 0.040 19.0 98 0.060 96
19.4 45 0.022 2.16 98 0.062 19.6 99 0.045 91

155 ppm
qexperimental

(mgg-1)
t/oC k1 (min-1)

qcalculated  

(mgg-1)
R2 k2  (gmg-1min-1)

qcalculated

(mgg-1)
R2 ki  (mgg-1t-0.5) R2

28.9 25 0.018 6.68 98 0.020 29.8 100 0.152 93
35.1 35 0.007 3.44 93 0.034 36.1 97 0.067 97
41.0 45 0.018 1.88 99 0.130 42.3 100 0.040 96
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Table-3: Kinetic parameters for 200 and 295 ppm.

The best-fit was found on the pseudo-
second-order model. The rate constant of pseudo-
second-order increased with increasing temperature 
for 40-155 ppm and decreased with increasing 
temperature for 200 and 295 ppm, as seen in Table 2-
3. For k2 values, it was observed that both the 
calculation (qe,cal) and experimental.(qe,exp.) findings 
were compatible with each other.

Thermodynamic parameters was calculated 
using the Arrhenius as defined [26] and the Eyring 
equations [27] .

The free energy of change ∆Go was obtained 
from equation 2: 

∆Go = ∆Ho - T∆So (2)

The adsorption mechanism was physical 
adsorption, because of the value of Ea between 40-
100 kJ mol-1 as seen in Table-4. As seen in Fig. 6, the 
positive values activation energy of BB3 were 
calculated for 40, 100, 155 ppm, but the negative 
values activation energy of BB3 were found for 200
and 295 ppm. The negative activation energy suggest 
that the reactions are a barrier less, because of 
diffusion of water molecules into adsorbent 
(GPVAA) [28].

Table-4: According to the rate constant of pseudo-
second-order model thermodynamic parameters.

Con
/ppm

∆Ea  
kjmol-1

(25oC-45oC)

∆Ho  
kjmol-1 

(25oC-45oC)

∆Go

  kjmol-1

(25oC)

∆So

 jmol-1K -1

(25oC-45oC)
40 21.3 19 80.5 -207

100 68.5 66 83.9 -60.0
155 73.4 71 83.0 -40.8
200 -64.5 -67 80.0 -493
295 -40.5 -43 76.1 -400

The positive enthalpy change (between 40
and 155 ppm) indicates that the adsorption reaction is 
endothermic and the negative enthalpy change 
(between 200 and 295 ppm) suggests that the 
adsorption reaction is exothermic, as seen in Table-4.
In this study, the interaction between BB3 and the 

adsorbent was calculated as the negative of the 
entropy change ∆So. The negative value of ΔSo

suggests that the adsorption process involves an 
associative mechanism. The adsorption leads to order 
through the formation of an activated complex 
between the adsorbate and adsorbent. These negative 
values indicate that the transition from disorder to 
order and the adsorption process is made possible. 
The values of ΔGo are positive at all temperatures 
suggesting that adsorption reactions require some 
energy from an external source to convert reactants 
into products. As a result, this adsorption reaction is 
nonspontaneous.

Fig. 6: Plot of ln k vs 1/T  fort he adsorption BB3 
on GPVAA.

200 ppm
qexperimental

(mgg-1)
t/oC k1 (min-1)

qcalculated  

(mgg-1)
R2 k2  

(gmg-1min-1)
qcalculated

(mgg-1)
R2 ki  

(mgg-1t-0.5)
R2

75 25 0.015 3.12 93 0.057 75.68 100 0.061 95
50.5 35 0.023 5.92 94 0.034 50.8 100 0.121 93
43.4 45 0.010 10.0 97 0.011 43.6 97 0.220 98

295 ppm
qexperimental

(mgg-1)
t/oC k1 (min-1)

qcalculated  

(mgg-1)
R2 k2  

(gmg-1min-1)
qcalculated

(mgg-1)
R2 ki  

(mgg-1t-0.5)
R2

164 25 0.010 0.80 66 0.28 165 100 0.021 64
163 35 0.021 1.64 94 0.17 163 100 0.034 91
162 45 0.011 2.20 88 0.11 161 100 0.053 90
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Adsorption isotherms

According to the swelling values % vs time, 
the best of study condition for adsorption of BB3 was 
obtained pH 7.  Therefore, all of adsorption isotherm 
experiments were studied at pH 6.887 and the 
constant temperature (25 oC). The shape of isotherms 
was obtained for BB3 on the adsorbent L-type, as 
shown in Fig. 7a. While adsorption data until 100 
minutes were using for kinetic experimental, relevant 
data of adsorption isotherm (BB3- GPVAA) were 
accepted up to 180 minutes, as shown in Fig. 2.
When GPVAA is compared with other adsorbants, its 
adsorption capacity is very high. Also, equilibrium 
time of adsorption BB3 on GPVAA is faster than 
other adsorption studies of BB3 [29- 31]. 

(A)

(B)

Fig. 7: (a) Adsorption isotherms of BB3 on 
GPVAA b) Comparison of experimental 
data with theoretical isotherm curves for 
BB3 adsorption on the GPVAA at 25oC 
temperature.

The adsorption isotherm for the BB3 
adsorbed on the GPVAA adsorbent was fitted to the 
Langmuir ,Freundlich, BET isotherms. The linearized 
equation of Langmuir model is as shown by equation 3.

meme q

1

cbq

1

q

1
 (3)

where, qe the amounts of dye adsorbed on adsorbent 
at equlibrium (mg g-1), ce the equilibrium 
concentration of adsorbate (mg L-1), qm the Langmuir 
constants related to the maximum adsorption capacity 
(mg g-1), b the Langmuir constants related to the 
energy of adsorption 
(L mg-1).

The Freundlich equationis usually fitted to 
the logarithmic form of the equation 4,

logxe = log KF + n log ce (4)

where, xe amount adsorbed (mg g-1), KF Freundlich 
constant related to adsorption capacity, n Freundlich 
constant related to adsorption intensity.

Stephen Brunauer, Paul Emmet and Edward 
Teller (BET isotherm) is shown as equation 5

)cc(

c

o

e

eex 
   =  

kXmax

1  + 
kc

)1k(c

maxo

e

X

 (5)

where, ct the concentration of adsorbate at any time 
(mg L-1), co the concentration of BB3 at saturated 
solution (for this study, 10000 mg L-1), Xmax  for 
BET, the maximum adsorption capacity (mg g-1), k 
for BET, a constant related with the heat of 
adsorption.

The results indicate that Langmuir and BET
provides better fit for the experimental data of BB3 
on GPVAA. This process shows that first monolayer 
adsorption and then multilayer adsorptionis, as seen 
in Fig. 7a. The value of the maximum adsorption 
capacity (qm or Xmax) is maximum (200 mg g-1) for 
adsorbent at 25 oC as seen in Table-5. When the 
maximum adsorption capacity of GPVAA is 
compared other adsorbents, it is observed that 
GPVAA has best adsorption capacity [29- 31].

Table-5: Adsorption isotherm models at 25oC.
Langmuir

qm ( mg g-1) b (L mg-1) R2

200 0.01 99.1
Freundlich

n KF R2

0.63 5.60 91
BET

Xmax (mg g-1) R2

196 98.5
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Error functions

For defining the optimization procedure 
necessitates an error function [32-34]. The fit of the 
isotherm and kinetic to the experimental equilibrium 
data to be able to evaluate with these error functions.
For the concentration range, four different error 
functions were examined by minimizing the 
respective these error function in this work. The 
studied error functions shown as seen in Table-6.
Also, the correlation coefficient values of the 
equilibrium isotherm models have calculated. The 
correlation value of freundlich isotherm model has 
been quite found lower and the high value of the 
error functions for freundlich isotherm, as seen in 
Table-7. For Langmuir and BET isotherms, the 

comparison of error function has calculated as 2

<ARE<EABS<SSE. Fig. 7b shows the comparison of 
experimental data with theoretical isotherm curves 
for adsorption of BB3 on the gum 
arabic/PVA/alginate at 25oC temperature. These 
curves suggest that the Langmuir and BET isotherm 
models have the best performance for  fitting with 
experimental data. The same calculation has repeated  
for the kinetic experimental data. The correlation 
value of pseudo-second order model has been quite 
found higher and the lower value of the error 
functions for pseudo-second order model, as seen in 
Table-8. Also, the values of Chi-square test error 
(CHI) has matched to assess the best error function 
for selecting the kinetic model as shown in Table-8.

Table-6: Error Functions.

Table-7: For qe (mgg-1), the values of four different error functions of isotherm models of BB3 on Gum 
arabic/PVA/Alginate

Table-8: For qe (mgg-1), error functions of kinetic models between 40 and 295 ppm

Error Analysis
Formula

(qe meas: Measured adsorption capacity;
qe calc: calculated adsorption capacity with models;

n: the number of experimental data points)

Reference

The sum of the squares of the 
errors 
(SSE)

(32)

The sum of the absolute errors 
(EABS)

(33)

The average relative error (ARE) (34)

Chi-square test error
 (2)

(14)

Isotherms SSE EABS ARE CHI (2)
Langmuir 729.4 43.7 8.5 8.0
Freundlich 1692.1 65.3 13.6 16.0

BET 921.3 45.2 10.6 9.7

Error models SSE EABS ARE CHI (2)

t/oC
pseudo-first

 order
pseudo-second

 order
pseudo-first 

order
pseudo-second 

order
pseudo-first 

order
pseudo-second 

order
pseudo-firs

t order
pseudo-second 

order

25 32407.96 3.07 272.34 3.78 81.05 3.12 35057.49 0.11

35 29349.79 5.74 262.50 4.20 88.34 1.98 16618.20 0.09

45 28630.97 6.13 261.88 4.30 89.33 2.02 12751.21 0.09
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Conclusions

1. Maximum swelling ratio of GPVAA was 
obtained for 180 minute % 712.35 at pH 7. 
Therefore, the removal of textile dye Basic Blue 
3 (BB3) onto ternary nanocomposite GPVAA 
was investigated at pH 6.887 and adsorption 
isotherm (BB3-GPVAA) was accepted up to 180 
minutes.

2. The adsorption maximum capacity of this 
adsorbent is found 200 mg g-1 for concentration 
of BB3 between 40 and 295 ppm. Value of 
adsorption capacity of GPVAA in Freundlich 
isotherm is found 5.6. 

3. This adsorption capacity is higher than studied 
other adsorbents. In addition, adsorption time of 
BB3 on ternary adsorbent (GPVAA) is quite 
short compared with the others adsorbent. As a 
result, ternary adsorbent (GPVAA) may best 
uptaken for basic blue 3 (BB3).

4. Analysis of kinetics data implied that pseudo-
second order kinetics model provided a beter 
correlation of the experimantal results than 
pseudo-first order and intra-particle diffusion 
order.

5. Values of  pseudo-second order kinetics model 
have obtained a better correlation of the 
experimental results than pseudo-first order and 
intra-particle diffusion order.

6. The negative value of ΔSo indicate that the 
passage from disorder to order and the adsorption 
process is made possible. The values positive of 
ΔGo suggest that adsorption reactions require 
some energy from an external source to convert 
reactants into products. As a result, this 
adsorption reaction is nonspontaneous.
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