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6-Triethylenetetramine 6-deoxycellulose grafted 
with crotonaldehyde as adsorbent for Cr6+ 

removal from wastewater 
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Abstract— Rice husk cellulose was isolated and tosylated with p-toluenesulphonyl chloride followed by substitution with 
triethylenetetramine to give 6-Triethylenetetramine 6-deoxycellulose. This was then grafted with crotonaldehyde in the presence of FeCl3 
and the product was evaluated as a biosorbent for the removal of Cr6+ ions from wastewater. The unloaded and loaded biosorbent with Cr6+ 
ions were characterized by FTIR, SEM and EDX analysis. The maximum adsorption of Cr6+ ions was achieved at acidic pH (1.5). The 
adsorption data was fitted better with Langmuir isotherm than Freundlich model indicating that the adsorption mechanism is mono layer 
adsorption. The maximum adsorption capacity of Cr6+ ions obtained from Langmuir isotherm model was 196.08 mg/g. The adsorption 
process followed the pseudo second order kinetic with a rate constant ranged from 0.0003 to 0.3 g/mg/h. 

Index Terms— Cellulose, p-toluenesulphonyl chloride, Triethylenetetramine, crotonaldehyde, adsorption, chromium, removal.   

——————————      —————————— 

1 INTRODUCTION                                                                     
hemically modified cellulose has great benefits and used 
in many applications in different fields such as pollutants 
removing from aquatic environment or industrial 

wastewater treatment [1,2]. Modification of cellulose as a car-
bohydrate polymer achieved via the reaction of the free hy-
droxyl groups present on the unhydroglucose unit of the cel-
lulose chain polymer [3,4]. Hydroxyl groups undergo many 
reactions as estrification, etherification, nitration, sulfonation 
… etc according to the target functional group suitable for 
application. Cellulose can be grafted or cross-linked with or-
ganic moieties to enhance its adsorption efficiency [5,6]. The 
use of functionalized cellulose in removal of various pollu-
tants has been adequately reviewed and chelating ability of 
modified cellulose can be improved by specific functionaliza-
tion [4]. It is reported that, the presence of nitrogen containing 
groups like tetra-amines linked to cellulose have been found 
to enhance the bio-sorbent capacity of cellulose [7]. 

Several thousand cubic meters of toxic effluents containing 
hazardous chemicals and metal ions complexes are ejected 
every day into the aquatic environment from various industri-
al processes and urbanization [8]. Great efforts must be done 
to remove these pollutants and treat these effluents especially 
that contain heavy metal ions to decrease their concentrations 
to the safe limits. One of the most toxic heavy metal ions is 
chromium which exists in two stable oxidation, trivalent (Cr3+) 
and hexavalent (Cr6+) states. Trivalent chromium is an essen-
tial nutrient for glucose, lipid and protein metabolism in 
mammals, but it may be oxidized into hexavalent chromium 
ions which occur as highly soluble and highly toxic chromate 
anions (i.e. potentially carcinogenic) and it diffuse easily in cell 
membrane so, it has environmentally threats. Therefore the 
Cr6+ ions removal from water is significantly important for the 
human beings health. The contamination of water with Cr6+ 
ions exists from industrial processes as electroplating, pig-
ment, metal cleaning, leather processing and mining. Many 
papers have been reported on the Cr6+ ions removal from 
wastewater [9-13]. Recycling of effluents becomes one of the 

most important trends to overcome the water deficiency prob-
lems and make it suitable for reuse [14-22]. The maximum 
permissible level reported by US regulations for Cr6+ ions dis-
charges is 0.05 mg L−1 and the USEPA drinking water regula-
tions limit the total chromium in drinking water to less than or 
equal to 0.1 mg L−1 [23,24]. Therefore, the affirmative treat-
ment is required for detoxification of Cr6+ ions. The Cr6+ ions 
removal from water is obtained by a wide range of chemical 
and physical processes such as chemical precipitation, electro-
chemical reduction, cementation, reverse osmosis and elecro-
dialysis [25]. But these methods are restricted due to their dis-
advantages as high operational costs and problems of the re-
sidual sludge disposal that need further treatment. In contrast, 
the adsorption method is more efficiency and it has many ad-
vantages, it uses an inexpensive adsorbents, low operational 
costs and clean operation and economically feasible for Cr6+ 
ions removal [26]. 

Recently, different studies have been made to find inexpen-
sive and effective adsorbents produced from cellulose as a 
natural polymer obtained from agricultural solid wastes. 
These types of adsorbents are particularly advantageous due 
to their properties as biocompatibility, biodegradability, good 
adsorption tendency, low-cost and highly available as starting 
materials and their appropriate chemical composition with 
high contents of carbohydrate polymers (e.g. cellulose and 
hemicelluloses) [27-33]. 

In this paper, we prepared 6-triethylenetetramine 6-
deoxycellulose from rice husk cellulose and grafted with cro-
tonaldehyde to improve cellulose capacity for adsorption of 
Cr6+ ions from wastewaters. The batch adsorption process was 
applied to evaluate the maximum adsorption capacity of pro-
posed modified cellulose, and to study the isotherm and kinet-
ic models. Adsorption parameters such as initial Cr6+ ions con-
centration, pH, contact time, and sorbent concentration were 
investigated. 
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2. MATERIALS AND METHODS  
2.1 Materials 

Sodium hydroxide scales, sodium hypochlorite, acetic acid, 
and hydrogen peroxide were purchased from El-Nasr Phar-
macuitical Chemicals Co, Egypt. Dimethylacetamide, triethyl-
amine, p-toluenesulfonyl chloride, ethanol, triethylenetetra-
mine, dmethylsulfoxide, dimethylformamide, crotonaldehyde, 
acetonitrile, ferric chloride and K2Cr2O7 were supplied by 
Merck and used without any further purification. 

2.2 Isolation of rice husk cellulose 
A 200 g of oven dried rice husk was taken in a 5 L round 

bottom flask and alkali treated with NaOH solution (4 L, 2%) 
in water bath at 70 ºC for 2h. The reaction mixture was filtered 
and washed with tap water several times to eliminate black 
lacquer. The residual pulp was bleached firstly by sodium 
hypochlorite (4 L, 4% and 100 mL acetic acid) at 70 ºC for 2h, 
then filtered and washed with tap water several times. Finally 
the residual pulp was again bleached by hydrogen peroxide 
H2O2 (4 L, 8%) at 70 ºC for 2h then filtered and washed with 
distilled water. The produced white material was dried in an 
oven at 50 ºC to give about 80 g cellulose which then pulver-
ized to be ready for modification. 

2.3 Chemical modification of rice husk cellulose 
2.3.1 Preparation of tosylated rice husk cellulose 

A 10 g of rice husk cellulose was heated in 240 mL of dime-
thylacetamide solvent at 130 ºC, then cooled to 100 ºC fol-
lowed by addition of lithium chloride (20 g) with stirring until 
complete dissolution of cellulose (gives bright-yellow viscous 
solution) [8]. Cool the flask with solution in ice/water bath 
then add mixture of (50 mL dimethylacetamide/77 mL tri-
ethylamine base) to catalyze reaction with stirring at 8 ºC. 
Then a solution of p-toluenesulfonyl chloride (52 g) in 110 mL 
dimethyl acetamide was added drop by drop through 1 h with 
stirring. The reaction was kept for 24 h in the refrigerator (4 
°C). Add the reaction mixture to 2.5 L of cold water, then fil-
trated, washed with water, ethanol and dried at 50 ºC for 
overnight. 

2.3.2. Reaction of tosylated rice husk cellulose by 
triethylenetetramine 

Triethylenetetramine (23 mL) and dimethylformamide (100 
mL) were added to tosylated cellulose (10 g) in dimethylfor-
mamide (100 mL) and stirred at room temperature for 48 h. 
Then stirred at 60 ºC for another 36 h, filtered, wash by ethanol 
and then dried overnight at 50 ºC. 

2.3.3. Grafting of Cell-TETA with crotonaldehyde 
Cell-TETA (2.5 g) was reacted with 2.5 mL of crotonalde-

hyde in acetonitrile 50 mL in the presence of FeCl3 (300 mg) as 
catalyst at reflux for 24 h, cooled, filtered and dried overnight 

at 50 ºC to give 3.2 g yield of Cell-TETA-crotonaldehyde 
(CTC). 

2.4 Adsorption batch experiments 
2.4.1 Preparation of Cr6+ solution 

Initially, stock solution of Cr6+ ions (1000 mg L−1) was pre-
pared by dissolving the exact quantity of potassium dichro-
mate in 1 L of double distilled water. Then, different Cr6+ ion 
solutions with adjustable concentrations were prepared by 
diluting the stock solution to the required initial concentra-
tions. The required initial pH values were adjusted before 
mixing with (biomass) sorbent material using 0.1M HCl and 
0.1M NaOH. Cr6+ ion concentration was measured using UV-
visible spectrophotometric method based on the reaction of 
Cr6+ and diphenylcarbazide (Merck) which forms a red-violet 
colored complex [9-13, 34]. The absorbance of colored complex 
was measured in a double beam spectrophotometer (SPEKOL 
1300-ANALYTIK JENA AG- Germany) at a wavelength, λmax 
540 nm. 

2.4.2 Effect of pH on metal adsorption 
Studying of the effect of pH on the equilibrium uptake of 

Cr6+ ions was done by using 50 mg L−1 chromium concentra-
tion onto 2.0 g L−1 of CTC at different initial pH values (1.0–
10.0). The samples were shaken at room temperature (25±2 °C) 
using agitation speed 200 rpm of orbital stirring shaker for the 
minimum contact time required to reach the equilibrium (120 
min) and the amount of chromium adsorbed was determined. 

2.4.3 Effect of CTC dose 
The effect of CTC dose on the equilibrium uptake of chro-

mium ions was performed by shaking of CTC (0.1, 0.15, 0.2, 
0.25 and 0.30 g) with 100 mL of known chromium concentra-
tion (25, 50, 75, 100, and 150 mg L−1), individually, meaning 
that, every Cr6+ concentration tested by shaking with all the 
above weights of (CTC) to the equilibrium uptake (120 min) 
and the amount of chromium adsorbed was determined [9-13] 

2.4.4 Kinetics studies 
Kinetic studies were completed by shaking of CTC (0.1, 

0.15, 0.2, 0.25 and 0.30 g) individually with 100 mL of chromi-
um solution (25, 50, 75, 100, and 150 mg L−1) at room tempera-
ture (25±2 °C) at optimum solution pH (1.55). Samples of 50 
µL were taken from each flask at definite time intervals and 
analyzed for residual chromium concentration in the solution 
[9-13]. 

2.4.5 Adsorption isotherm 
Adsorption isotherm experiments were carried out in 250 

mL conical flasks at 25 °C on a shaker for 120 min. The CTC 
(0.1, 0.15, 0.2, 0.25 and 0.30 g) were thoroughly mixed with 100 
mL of chromium solutions. The isotherm studies were per-
formed by varying the Cr6+ initial concentrations (25 to 150 mg 
L−1) at constant pH value (1.55). After shaking the flasks for 
120 min, the reaction mixtures were analyzed for the residual 
Cr6+ ions concentration. All the experiments are triplicated and 
only the mean values are reported with maximum deviation 
observed was less than ±5%. 

 
3 RESULTS AND DISCUSSION 
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The reaction of rice husk cellulose (1) with p-
toluenesulfonylchloride in N,N-dimethylacetamide in the 
presence of triethylamine provided the cellulose tosylate 2 in 
good yield (90%). The tosylate 2 was reacted with excess of 
Triethylenetetramine (3) at 4 °C for overnight to give the pro-
posed product 6-deoxy-6-triethylenetetramine cellulose (4) in 
good yield (85%). Compound 4 was then grafted with excess 
of crotonaldehyde in the presence of FeCl3 as catalyst [35-37] 
to give CTC in 88% yield of disubstituted product 5 (Fig. 1).  
The obtained products were identified using FTIR, EDX and 
SEM analyses. 

 
Fig. 1 Modification reaction of Cellulose to prepare Cell-TETA-
crotonaldehyde. 

3.1 Characterization of the chemically modified 
biosorbent 

3.1.1 FTIR spectra of modified cellulose 
The FTIR spectra of rice husk cellulose, the product of each 

step of modification, unloaded and loaded modified cellulose 
with Cr6+ were acquired with FTIR data were obtained using 
Bruker VERTEX 70 spectrometer in the range of 4000–400 cm–1 
connected with Platinum ATR unit (Fig. 2 and 3). The infrared 
spectrum of rice husk cellulose and its modification showed band 
at 3450 cm−1 due to the elongation of the N–H and O–H bonds. 
Different functional groups were presented in the modified sam-
ple such as primary amines, secondary amines, carbonyl and al-
cohols. The band at 2852 cm−1 could be attributed to the C–H 
(CH3, CH2) bond elongation, this band is characteristic of materi-
als with saturated carbons or SP3. The band at 1630 cm−1 stretch-
ing frequency is characteristic of the C=O bond of an amide pre-
sented in CTC. The band at 1425 cm−1 is due to the C–O–H bond 
flexion; this band generally appears very close to the CH2 bands. 
The broad band at 1021 cm−1 is due to the asymmetric stretching 
vibrations of C–O–C group which has been shifted to 1071 cm−1 
after loading with Cr6+ ions. New band at 934 cm−1 could be at- 
 
tributed to Cr-O bond formation after Cr6+ loading. From the 

above observations it could be concluded that oxygen and nitro-
gen atoms play a major role in the adsorption of Cr6+ ions. 

3.1.2 Scanning electron microscope (SEM) and Energy-
dispersive X-ray spectroscopy (EDX) analyses 
The field emission scanning electron microscopy (FE-SEM) 

was applied to study the surface morphology of CTC before 
and after loading with Cr6+ ions (Fig. 4). It could be observed 
that there is a distinct change in surface morphology after ad-
sorption of Cr6+ since the pores in Fig 4a were completely 
filled with Cr6+ as shown in Fig. 4b. Fig. 5 shows the EDX plot 
of CTC samples before and after Cr6+ ions adsorption, respec-
tively. Fig. 5b further confirmed the presence of chromium 
ions in the CTC samples.  

The presence of chlorine in the CTC sample after Cr6+ ions 
adsorption may be attributed to the pH adjustment using HCl. 
The EDX analysis showed the presence of 11.29% of nitrogen 
that confirmed the chemical modification of cellulose with 
TETA (Table 1). 
 

Table 1 
EDX analysis data of CTC before and after Cr6+ ions adsorp-
tion process. 
 

Elements CTC before 
adsorption % 

CTC after  
adsorption % 

Carbon 54.39 54.30 
Oxygen 30.26 21.30 
Nitrogen 11.29 10.12 
Sulfur 2.24 2.18 
Chlorine 1.82 9.96 
Chromium 0.00 2.14 

 

3.2 Adsorption kinetics 
The Cr6+ ions adsorption mechanism might be concluded as 

follows: (i) the negatively charged Cr6+ species (e.g. HCrO4−) 
migrated to the positively charged adsorbent surface sites (e.g. 
quaternary amine groups) mainly due to electrostatic driving 
forces. (ii) Cr6+ is converted to Cr3+ on the surface of the adsor-
bent through reduction by adjacent electron-donor groups at 
acidic conditions. The resulting Cr3+ can be then bound to ani-
onic groups (e.g. hydroxyl and carboxyl groups) and form 
complexes with the chemical binding groups present in the 
adsorbent. 

3.2.1 Effect of pH on Cr6+ uptake 
The parameter, pH is the most important factor affecting 

the adsorption process on heavy metal as shown in the former 
studies [9-13]. The optimum pH for the effective adsorption of 
chromium ions by CTC was detected at different initial pH 
values (1.0–10.2). The difference of Cr6+ removal with initial 
pH is given in Fig. 6. Which shows that, the lowest uptake 
value was found at pH 8.2 and the highest uptake occurred at 
pH 1.0 and the uptake values decreased significantly with fur-
ther increase in pH. At pH < 1, no more adsorption has men-
tioned than adsorption at pH 1. At optimum sorption pH, the 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 7, July-2019                                                                                                        1202 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

 

 
Fig. 2 FTIR spectral analysis of rice husk cellulose, 6-Tosyl cellulose, TETA-cellulose and Crotonaldehyde grafted TETA-
cellulose. 
 
 

 
Fig. 3 FTIR spectral analysis of CTC before and after Cr6+ ions adsorption. 
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(a) 

(b) 
 
Fig. 4 (a) SEM of CTC before Cr6+ ions adsorption; (b) SEM of 
CTC after Cr6+ ions. 
 
 
dominant species of Cr6+ ions in solution are HCrO4−, Cr2O72−, 
Cr4O132− and Cr3O102− which might be adsorbed mainly by elec-
trostatically nature. At very low pH values, the surface of 
sorbent would also be surrounded by the hydronium ions 
which enhance the Cr6+ interaction with binding sites of CTC 
by greater attractive forces. As the pH increased, the overall 
surface charge on CTC became negative and adsorption of 
chromium decreased. Also, it has been known that in the case 
of high chromium concentration, the Cr2O72− ions precipitate 
at higher pH values [9-15]. It should be mentioned that the 
form and valiancy of chromium ion are pH dependent; conse-
quently the adsorption process depends on its form. There-
fore, the percentage of removal and adsorption capacity are 
highly dependent on the solution pH value (Fig. 6). 

(a) 
 

(b) 
Fig. 5 (a) EDX plot of CTC before Cr6+ ions adsorption; (b) EDX 
plot of CTC after Cr6+ ions adsorption. 
 

Fig. 6 Effect of system pH on adsorption of Cr6+ ions (75 mg 
L−1) by CTC (6 g L–1) at 25±2 °C. 
 

3.2.2 Effect of contact time and initial Cr6+ ions 
concentration 

The higher initial concentration of Cr6+ will increase the bio-
sorption rate due to it offers an important role to overcome the 
mass transfer resistance of metal ion between the aqueous and 
solid phases. The results of percentage removal of Cr6+ at pH 
1.55 with increasing of contact time using CTC are presented 
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in Fig. 7. The percentage of Cr6+ removal was increased with 
increasing time and CTC concentrations. Over 80% of Cr6+ was 
adsorbed in the time between 5 and 20 min, and thereafter the 
adsorption rate of Cr6+ onto CTC was found to be slow. That is 
probably occurred due to the electrostatic hindrance or repul-
sion between the adsorbed negatively charged Cr6+ on to the 
surface of CTC and the available anionic Cr6+ in solution as 
well as the slow pore diffusion of the Cr6+ ion into the bulk of 
CTC. The electrostatic interactions will be the major effect on 
the adsorption due to the presence of highly acidic solution 
(pH 1.55), which my control the adsorption via the attraction 
and repulsion between CTC surface and chromium ions. 
 

Fig. 7 Effect of contact time on the removal of different initial 
concentrations of chromium using CTC (4.0 g L–1) at pH 1.55. 
 

The relation between amounts of Cr6+ adsorbed at equilib-
rium (qe) and its initial concentration using different doses of 
CTC are shown in Fig. 8. The equilibrium was found to be 
nearly 120 min when the maximum Cr6+ adsorption onto CTC 
was extended. In addition, the effect of initial Cr6+ concentra-
tion on the capacity of adsorption onto CTC is shown in Fig. 8, 
where percentage removal of Cr6+ determined at 120 min of 
contact time for seven different initial chromium concentra-
tions is shown.  
 

Fig. 8 The relation between amounts of Cr6+ adsorbed at equi-
librium (qe) and its initial concentration (C0).  

The removal percentage of Cr6+ ions decreased with the in-
creasing of the initial chromium concentration and it can be 
concluded that the adsorption process may occur through 
electrostatic interactions. 
 

3.2.3 Effect of adsorbent dose on metal adsorption 
The effect of CTC dosage on the adsorption of Cr6+ from 

aqueous solutions was investigated using five different adsor-
bent concentrations and seven different initial chromium con-
centration. The amount of Cr6+ ions adsorbed is proportional 
to the available CTC specific area. Concentrations of CTC were 
varied from 1.0 to 3.0 g L−1 using initial chromium concentra-
tions of 25 to 250 mg L−1 at pH 1.55. The equilibrium concen-
tration (Ce) of Cr6+ ions decreases with increasing CTC concen-
tration for a given initial Cr6+ ions concentration as shown in 
Fig. 9. The higher CTC doses provide the more sorbent surface 
area and increase the volume of pores which will be available 
for Cr6+ ions adsorption.  

 
 

Fig. 9 The relation between equilibrium concentration (Ce) of 
Cr6+ ion and its initial concentration (C0). 

 

3.3. Isotherm data analysis 
The adsorption of Cr6+ ions was studied at different initial 

chromium ion concentrations ranging from 25 to 250 mg L−1, 
at optimum pH value (1.55) and at 200 rpm of the optimum 
agitation period. The isotherm data is important for column 
design purposes in treatment units. In addition, the isotherm 
data can be used to study how solute interacts with adsorbent 
and so is critical in optimizing the use of adsorbent. Langmuir 
and Freundlich isotherm models are the most widely accepted 
surface adsorption models for the single-solute systems. The 
data obtained were analyzed with the Langmuir, Freundlich, 
and Tempkin isotherm models. The best-fitting isotherm was 
tested by determination of the linear regression, and the pa-
rameters of the isotherms have been obtained from the inter-
cept and slope of the linear plots of the different isotherm 
models.  
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𝐶𝐶𝑒𝑒
𝑞𝑞𝑒𝑒

=  
1

𝐾𝐾𝐿𝐿𝑄𝑄𝑚𝑚
+  

1
𝑄𝑄𝑚𝑚

 × 𝐶𝐶𝑒𝑒  

log 𝑞𝑞𝑒𝑒 = log(𝐾𝐾𝐹𝐹) +  
1
𝑛𝑛

 log(𝐶𝐶𝑒𝑒) 

3.3.1 Langmuir isotherm 
At room temperature (25±2 °C), the adsorbed Cr6+ ions onto 

the CTC are in equilibrium with its ions in aqueous solution 
after 120 min contact time. The Langmuir model represents one 
of the first theoretical treatments of non-linear sorption and 
suggests that uptake occurs on a homogeneous surface by mon-
olayer sorption without interaction between adsorbed mole-
cules. In addition, the model assumes uniform energies of ad-
sorption onto the surface and no transmigration of the adsorb-
ate. Estimation of maximum adsorption capacity corresponding 
to complete monolayer coverage on the CTC was calculated 
using the Langmuir isotherm model since the saturated mono-
layer isotherm can be explained by the non-linear equation of 
Langmuir Eq. (1) [38]. 

Where Ce is the equilibrium concentration (mg L−1), qe the 
amount of metal ion adsorbed (mg g–1), Qm a complete mono-
layer (mg g–1) and KL is an adsorption equilibrium constant (L 
mg–1) that is related to the apparent energy of sorption. The 
results obtained from Langmuir model for the adsorption of 
Cr6+ onto CTC are shown in Fig. 10 and Table 1. 
 

Fig 10 Langmuir isotherm of Cr6+ (25–250 mg L−1) adsorbed 
onto CTC (1–3 g L–1). 
 

Table 1 
Isotherm parameters obtained from the linear form of Lang-
muir, Freundlich and Tempkin models for the adsorption of 
Cr6+ onto CTC. 

CTC 
Isotherm 

Isotherm 
parameter 

1.0  
g/ L 

1.5  
g/ L 

2.0  
g/ L 

2.5  
g/ L 

3.0  
g/L 

Langmuir  Qm (mg g-1) 196.1 138.9 120.5 98.0 80.0 
KL  (L mg-1) 0.07 0.12 0.16 0.23 0.35 
R2 0.946 0.960 0.957 0.904 0.969 

Freundlich n 2.088 2.247 2.058 2.273 1.768 
KF (mg g-1 ) 22.82 22.82 20.52 21.71 20.98 
R2 0.978 0.986 0.944 0.944 0.914 

Tempkin At (L g-1) 0.99 2.17 2.43 5.06 6.70 
Bt (mg L-1) 36.81 24.59 22.67 16.25 13.79 
R2 0.920 0.928 0.935 0.893 0.940 

 

The results given in Table 1 show the possible applicability 
of the Langmuir to the adsorption of Cr6+ ions onto CTC proved 
by the low correlation coefficients. The maximum monolayer 
capacity, Qm, obtained from Langmuir isotherm model for ad-
sorption of Cr6+ ions onto CTC was 196.08 mg g−1. 

3.3.2 Freundlich isotherm 
The Freundlich model was chosen for estimation of the ad-

sorption intensity of the Cr6+ ions onto the CTC surface based on 
sorption heterogeneous energetic distribution of active sites ac-
companied by interactions between adsorbed molecules. It can be 
derived supposing a logarithmic decrease in the enthalpy of sorp-
tion with the increase in the fraction of occupied sites and is given 
by the following non-linear equation 2 [39]: 

 
 

(2) 

 
where KF (mg g−1) views for adsorption capacity and n for ad-
sorption intensity of metal ions on the sorbent. Eq. (2) can be 
linearized in logarithmic form Eq. (3) and the Freundlich con-
stants can be determined from the linear plot of log (qe) against 
log (Ce). 
 

 
(3) 

The linear Freundlich isotherm plots for the adsorption of 
the Cr6+ ions onto CTC are presented in Fig. 11. Examination 
of the correlation coefficients reported in Table 1 shows that 
the Freundlich model is also has a possible applicability to 
CTC. The correlation coefficient obtained from CTC indicates 
that the experimental data fitted well to Freundlich model. 
The n values (1.168 - 2.273) are higher than 1.0, indicating that 
Cr6+ is favorably adsorbed by CTC at 25 °C. Moreover, the 
magnitude of KF ranged between (20.52 – 22.82), which indi-
cates high adsorptive capacity and easy uptake of Cr6+ ions 
from aqueous solution by CTC. 

 

 
Fig. 11 Freundlich isotherm of Cr6+ ions (25–250 mg L−1) adsorbed 
onto CTC (1–3 g L–1). 

 
(1) 𝑞𝑞𝑒𝑒 =  𝐾𝐾𝐹𝐹𝐶𝐶𝑒𝑒

1/2 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 7, July-2019                                                                                                        1206 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

𝑞𝑞𝑒𝑒 = (
𝑅𝑅𝑅𝑅
𝑏𝑏

) ln(𝐴𝐴𝑅𝑅𝐶𝐶𝑒𝑒) 

𝑞𝑞𝑒𝑒 =  𝐵𝐵𝑅𝑅 ln (𝐴𝐴𝑅𝑅) + 𝐵𝐵𝑅𝑅ln(𝐶𝐶𝑒𝑒)  

𝑑𝑑𝑞𝑞𝑡𝑡
𝑑𝑑𝑡𝑡

= 𝑘𝑘1(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡)  

log(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡) = log(𝑞𝑞𝑒𝑒) −  
𝑘𝑘1

2.303
 𝑡𝑡 

3.3.3 Tempkin isotherm 
Tempkin isotherm model measure the effects of indirect ad-

sorbate–adsorbate interaction isotherms which describe that the 
heat of adsorption of all molecules on the adsorbent surface layer 
would decrease linearly with coverage due to adsorbate - adsorb-
ate interactions. Therefore, the adsorption potentials of the adsor-
bent for adsorbates can be evaluated using Tempkin adsorption 
isotherm model, which accepts that the fall in the heat of sorption 
is linear rather than logarithmic, as implied in the Freundlich 
equation 2. The Tempkin isotherm has generally been applied in 
the following form Eq. (4) [40–42]: 
 

 
       (4) 

The Tempkin isotherm Eq. (4) can be derived to the following 
equation (5): 

 

 (5) 

 
where BT = (RT)/b and AT (L g−1) are the Tempkin constants 
and can be determined by a plot of qe against ln Ce (Fig. 12). 
Also, T is the absolute temperature in Kelvin and R is the uni-
versal gas constant, 8.314 J mol−1 K−1. The constant b is related 
to the heat of adsorption [43,44]. The linear plots of the Temp-
kin isotherm Eq. (5) for the adsorption data are shown in Fig. 
12. Examination of the data shows that the Tempkin isotherm 
is less applicable than Langmuir and Freundlich models to the 
adsorption of Cr6+ ions onto CTC due to the low correlation 
coefficients (Table 1). 
 

Fig. 12 Tempkin equilibrium isotherm model for the adsorp-
tion of Cr6+ ions (25–250 mg L−1) onto CTC (1.0–3.0 g L–1). 
 
3.4 Kinetic studies  

Batch experiments were shown to discover the rate of 
chromium adsorption by CTC at pH 1.55 with different 
chromium and CTC concentrations. The kinetic adsorption data 

can be treated to understand the dynamics of the adsorption 
reaction (i.e. the order of the rate constant). The kinetic of Cr6+ 
ions adsorption on CTC is essential for choosing optimum 
operating conditions for the full-scale batch process. Moreover, it 
is helpful to estimate the adsorption rate, gives important data for 
designing and modeling the processes. The chromium removal 
process from aqueous phase by CTC is studied by pseudo first-
order [45], pseudo second order [46], intraparticle diffusion [47, 
48] and Elovich [49–51] kinetic models. The conformity between 
experimental data and the model-predicted values was expressed 
by the correlation coefficients (R2, values close or equal to 1). 

3.4.1 Pseudo first-order kinetic model 
The kinetic data were treated according to the Lagergren 

first-order model [45], which is the earliest one described the 
adsorption rate based on the adsorption capacity. It is general-
ly stated in equation (6): 
 

 
(6) 

where qe and qt are the adsorption capacity (mg g−1) at equi-
librium and at time t, respectively, and k1 is the rate constant 
of pseudo first-order adsorption (min−1). Eq. (6) was integrated 
with the boundary conditions of time t = 0 to t = t and qt = 0 to 
qt = qt and rearranged to the following linear equation (7): 
 

 
(7) 

 
If the plotting of log (qe − qt) against (t) provides a linear re-

lationship, the k1 and predicted qe can be determined from the 
slope and intercept of the plot, respectively (Fig. 13). The dif-
ference in rate should be proportional to the first power of 
concentration for strict surface adsorption. However, the rela-
tionship between initial chromium concentration and rate of 
adsorption will not be linear when pore diffusion limits the 
adsorption process.  

Fig. 13 Pseudo first-order kinetics for Cr6+ (25–250 mg L−1) ad-
sorption onto CTC (1.0 g L–1) at pH 1.55 and temperature 25±2 
°C. 
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𝑑𝑑𝑞𝑞𝑡𝑡
𝑑𝑑𝑡𝑡

=  𝑘𝑘2(𝑞𝑞𝑒𝑒 −  𝑞𝑞𝑡𝑡)2 

𝑡𝑡
𝑞𝑞𝑡𝑡

=  
1

𝑘𝑘2𝑞𝑞𝑒𝑒2
+  

1
𝑞𝑞𝑒𝑒

 × 𝑡𝑡 

ℎ =
1

𝑘𝑘2𝑞𝑞𝑒𝑒2
 

𝑞𝑞𝑡𝑡 = 𝐾𝐾𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡0.5 + 𝐶𝐶 

It was observed from Fig. 13 that the Lagergren model does 
not fit the experimental data.  On the other hand, the experi-
mental qe values do not have a conformity with the calculated 
ones, obtained from the linear plots even when the correlation 
coefficient R2 are relatively high (Table 2). This shows that the 
adsorption of Cr6+ ions onto CTC is not suitable to be de-
scribed by a first-order reaction. 

3.4.2 Pseudo second-order kinetic model 
When adsorption kinetic data studied by the pseudo sec-

ond-order model which given by Ho et al. [46] as shown in the 
following equation 8: 
 

 
(8) 

where k2 (g mg−1 min−1) is the second-order rate constant of 
adsorption. Integrating Eq. (8) for the boundary conditions q = 
0 to q = qt at t = 0 to t = t is linearized to obtain the following 
equation (9): 
 

 
(9) 

The second-order rate constants were used to calculate the 
initial sorption rate (h), given by the following Eq. (10): 
 

 
(10) 

The second-order kinetics is applicable, if the plot of (t/qt) 
against (t) shows a linear relationship. Values of k2 and qe were 
calculated from the intercept and slope of these plots (Fig. 14) 
which show good agreement between experimental and calcu-
lated qe values at different initial Cr6+ ions and adsorbent CTC 
concentrations (Table 2) with correlation coefficients R2 ≥ 
0.999. These high R2 indicated that, the pseudo second-order 

 

Fig. 14 Pseudo second-order kinetics for Cr6+ (25–250 mg L−1) 
adsorption onto CTC (1.0 g L–1) at pH 1.55 and temperature 
25±2 °C. 

kinetic model provided good correlation for the adsorption of 
Cr6+ ions onto CTC for all studied initial Cr6+ ions and adsor-
bent concentrations in dissimilarity to the pseudo first-order 
model. Moreover, values for the rate of initial adsorption, (h) 
mainly increased with the increase of the increase the initial 
Cr6+ ions concentration except for high CTC concentration (3 g 
L–1) that gave mainly very close values of h, while the pseudo 
second-order rate constant (k2) decreases with increase the 
initial Cr6+ ions concentration for all studied doses of CTC. 

3.4.3 The intraparticle diffusion model 
The adsorption process occurs in a multi-step involving 

the transport of solute molecules from the aqueous medium to 
the surface of the solid particles of adsorbate, followed by the 
diffusion of solute molecules into the interior of the pores, 
which is expected to be a slow process, and therefore, it can be 
considered as a rate-determining step. The intraparticle diffu-
sion model had been explained by using the following equa-
tion (11) [47,48]: 
 

 
(11) 

where C is the intercept and Kdif (mg g−1 min−0.5) is the intra-
particle diffusion rate constant. The plot of (qt) against (t0.5) 
exist a multi-linearity correlation, which indicates that two or 
more steps occur during adsorption process (Fig. 15). The rate 
constant Kdif directly evaluated from the slope of the line and 
the intercept is C and is reported in Table 3. The values C pro-
vide information about the thickness of the boundary layer, 
since the resistance to the external mass transfer increases as 
the intercept increases. R2 values given in Table 3 are ranged 
between 0.688 and 0.990, confirming that the rate-limiting step 
is actually the intra-particle diffusion process for some of the 
data analyzed when the R2 values become close to 1.0. The 
linearity of the plots demonstrated that intra-particle diffusion 
played a significant role in the uptake of the chromium by 
 

Fig. 15 The intraparticle diffusion kinetics for Cr6+ (25–250 mg 
L−1) adsorption onto CTC (1.0 g L–1) at pH 1.55 and tempera-
ture 25±2 °C. 

Table 2 
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Comparison of the first- and second-order adsorption rate constants and calculated and experimental qe values for different ini-
tial chromium and CTC weights. 
 

Parameter  First-order kinetic model Second-order kinetic model 
CTC conc 

(g L−1) 
Cr6+ 

(mg L−1) 
qe (exp.) 
(mg g−1) 

k1 × 103 
(min−1) 

qe (calc.) 
(mg g−1) 

R2 k2 ×103 
(g mg−1min−1) 

qe (calc.) 
(mg g-1) 

h  
(mg g−1min−1) 

R2 

 
 

1.0 

25 23.72 27.636 9.369 0.938 4.992 25.06 3.14 0.998 
50 45.83 20.266 13.518 0.824 2.544 48.54 6.00 0.995 
75 67.00 34.545 23.518 0.793 2.817 69.44 13.59 0.999 

100 83.05 38.000 98.378 0.905 0.278 107.53 3.22 0.951 
150 125.17 42.145 99.793 0.942 0.624 136.99 11.71 0.995 
200 140.16 21.648 33.955 0.887 1.199 144.93 25.19 0.998 
250 179.55 37.309 50.478 0.948 1.422 185.19 48.78 1.000 

 
 

1.5 
 
 
 

25 16.30 40.533 6.907 0.970 10.025 17.12 2.94 0.999 
50 32.04 27.636 8.400 0.896 6.461 33.00 7.04 0.999 
75 47.30 37.539 18.950 0.942 3.561 49.51 8.73 0.999 

100 59.74 20.266 11.527 0.992 3.772 60.98 14.03 0.999 
150 88.96 37.769 39.473 0.943 1.894 108.70 22.37 0.998 
200 106.63 18.885 21.622 0.946 1.610 94.34 14.33 0.999 
250 132.55 12.897 17.730 0.729 2.123 133.33 37.74 0.998 

 
 

2.0 

25 12.19 61.490 2.148 0.864 70.853 12.35 10.70 1.000 
50 24.53 31.781 4.296 0.831 14.787 25.00 9.24 1.000 
75 36.31 33.624 9.623 0.924 6.656 37.45 9.34 1.000 

100 46.50 39.381 12.374 0.920 6.563 47.62 14.88 1.000 
150 70.53 41.684 30.052 0.935 3.720 72.46 19.53 1.000 
200 87.72 19.345 14.138 0.957 3.045 89.29 24.27 0.999 
250 108.89 15.660 15.011 0.857 2.689 109.89 32.47 0.999 

 
 

2.5 

25 9.89 21.418 0.314 0.991 163.354 9.92 16.08 1.000 
50 19.78 48.133 3.636 0.860 31.009 20.04 12.45 1.000 
75 29.44 12.897 1.378 0.739 26.693 29.59 23.36 1.000 

100 37.47 21.879 3.046 0.910 16.681 37.74 23.75 1.000 
150 57.40 32.242 7.700 0.956 8.831 58.14 29.85 1.000 
200 73.09 15.66o 10.240 0.967 3.797 74.07 20.83 0.999 
250 90.56 25.333 17.539 0.968 2.887 92.59 24.75 1.000 

 
 

3.0 

25 8.24 13.127 0.134 0.820 279.408 8.26 19.08 1.000 
50 16.52 35.236 1.218 0.937 64.385 16.64 17.83 1.000 
75 24.78 31.091 2.542 0.874 26.271 25.06 16.50 1.000 

100 32.11 24.872 3.097 0.868 17.217 32.47 18.15 1.000 
150 48.37 44.909 11.079 0.989 10.050 49.51 24.63 1.000 
200 61.59 39.842 20.941 0.988 3.673 63.69 14.90 1.000 
250 76.02 33.854 21.612 0.918 2.805 78.74 17.39 0.999 

 
sorbent. The intra-particle diffusion rate constants, Kdif, were 
in the range of (0.02-7.69 mg g−1 min−0.5). However, Fig. 15 
shows low linearity for the adsorption of chromium by CTC 
which indicates that both of surface adsorption and intra-
particle diffusion are involved in the rate-limiting step. How-
ever, still there is no sufficient indication about which of the 
two steps was the rate-limiting step. It has been reported 
[47,48] that if the intraparticle diffusion is the sole rate-limiting 
step, it is essential for the qt against (t0.5) plots pass through 

the origin, which is not the case in this study. It may be con-
cluded that surface adsorption and intraparticle diffusion 
were concurrently operating during the chromium-CTC inter-
actions. 

3.4.4 Elovich kinetic model 
Elovich kinetic equation is another rate equation based on 

the adsorption capacity, which is generally expressed as fol-
low in equation (12) [49-51]: 

Table 3 
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𝑑𝑑𝑞𝑞𝑡𝑡
𝑑𝑑𝑡𝑡

=∝ exp(−𝛽𝛽𝑞𝑞𝑡𝑡)  
𝑞𝑞𝑡𝑡 = 1

𝛽𝛽
ln(∝ 𝛽𝛽) + 1

𝛽𝛽
ln(𝑡𝑡)  

The parameters obtained from intraparticle diffusion model and Elovich kinetics model using different initial Cr6+ concentra-
tions and CTC doses. 
 

Sorbent dose  
(g L−1) 

Cr6+ conc.  
(mg L−1) 

Intraparticle diffusion Elovich 
Kdif  

(mg g−1 min−0.5)  
C 

 (mg g−1) 
R2 Β 

(g mg−1)  
α 

(mg g−1 min−1) 
R2 

 
 

1 

25 0.88 14.79 0.965 0.36 1.13E+02 0.957 
50 1.48 30.51 0.889 0.22 8.71E+02 0.812 
75 1.69 49.77 0.978 0.19 1.16E+04 0.966 

100 7.69 8.26 0.911 0.04 7.00E+00 0.887 
150 6.44 62.11 0.954 0.05 8.99E+01 0.930 
200 3.35 104.26 0.886 0.10 5.48E+04 0.827 
250 3.74 142.63 0.957 0.08 4.18E+05 0.940 

 
 

1.5 

25 0.54 4.14 0.891 0.58 2.24E+02 0.894 
50 0.80 23.96 0.953 0.39 5.50E+03 0.978 
75 1.40 33.50 0.969 0.23 1.73E+03 0.955 

100 1.22 46.72 0.990 0.26 1.32E+05 0.979 
150 3.40 56.67 0.925 0.09 3.58E+02 0.961 
200 2.25 82.11 0.962 0.14 1.51E+05 0.941 
250 2.43 106.07 0.815 0.12 7.88E+05 0.881 

 
 

2 

25 0.14 10.94 0.688 2.09 6.82E+108 0.778 
50 0.31 21.27 0.943 1.04 8.36E+108 0.879 
75 0.77 28.63 0.940 0.41 6.88E+04 0.919 

100 0.84 38.21 0.987 0.37 8.95E+05 0.977 
150 1.56 55.39 0.951 0.20 6.06E+04 0.971 
200 1.49 71.63 0.970 0.21 3.76E+06 0.952 
250 1.93 88.21 0.883 0.16 1.36E+06 0.932 

 
 

2.5 

25 6.22 21.52 0.948 9.35 1.1E1037 0.981 
50 0.22 17.67 0.897 1.39 6.80E+109 0.927 
75 0.14 27.76 0.790 2.33 1.19E1027 0.731 

100 0.35 33.88 0.885 0.88 1.71E1012 0.929 
150 0.75 50.08 0.869 0.40 2.73E+108 0.925 
200 1.14 60.43 0.943 0.28 1.42E+07 0.928 
250 1.74 72.66 0.971 0.18 5.88E+05 0.955 

 
 

3 

25 0.02 8.04 0.895 16.61 1.31E1056 0.884 
50 0.10 15.57 0.950 3.21 3.06E1020 0.969 
75 0.20 22.75 0.990 1.62 1.23E1015 0.956 

100 0.77 29.21 0.963 1.18 1.82E1014 0.913 
150 0.87 40.21 0.882 1.16 7.19E1017 0.931 
200 1.59 46.27 0.952 0.20 8.43E+03 0.970 
250 1.72 58.74 0.905 0.19 6.48E+04 0.862 

  
 

(12) 

Where α is the initial adsorption rate (mg g−1 min−1) and β is 
desorption constant (g mg−1) throughout any one trial of ad-
sorption. It is shortened by supposing that αβt >> t and by ap-
plying the limit conditions qt = 0 at t = 0 and qt = qt at t = t in 
equation 12 to form equation 13. If Cr6+ adsorption by CTC 
undergoes the Elovich model, a plot of (qt) against ln(t) should 
give a linear correlation with a slope of (1/β) and an intercept 
of [(1/β)×ln(αβ)] (Fig. 16). 

 
 

(13) 

Thus, the constants can be obtained from the slope and the 
intercept of the straight line (Table 3). Relationship coefficients 
obtained by Elovich model were higher than that obtained 
from pseudo first-order model and comparable to that ob-
tained from pseudo second-order model. 
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Fig. 16 Elovich kinetics for Cr6+ (25–250 mg L−1) adsorption 
onto CTC (1.0 g L–1) at pH 1.55 and temperature 25±2 °C. 
 

The Cr6+ ions adsorption mechanism might be concluded 
as follows: (i) the negatively charged Cr6+ species (e.g. 
HCrO4−) migrated to the positively charged adsorbent surface 
sites (e.g. quaternary amine groups) mainly due to electrostat-
ic driving forces. (ii) Cr6+ is converted to Cr3+ ions on the sur-
face of the adsorbent through reduction by adjacent electron-
donor groups at acidic conditions. The resulting Cr3+ can be 
then bound to anionic groups (e.g. hydroxyl and carboxyl 
groups) and form complexes with the chemical binding 
groups present in the adsorbent. 

4 CONCLUSION 
Chemical modification of the rice husk cellulose with tri-

ethylenetetramine then grafted using crotonaldehyde in the 
presence of FeCl3 as catalyst provided a modified Cellulose-
TETA-crotonaldehyde (CTC), which has been identified as an 
effective adsorbent to remove Cr6+ ions from various aqueous 
solutions. The adsorption process is pH dependent and the 
optimum pH was 1.55. Adsorption studies were modeled by 
followed Langmuir, Fruendlich and Tempkin isotherms. A 
high adsorption capacity of 196.08 mg g–1 was observed for 
Cr6+ ions. Furthermore, the isotherm equilibrium studies con-
firmed that the Fruendlich model and Tempkin models are the 
highest fitted models for the adsorption process of Cr6+ ions by 
CTC. The CTC showed high adsorption capacity under several 
initial chromium and sorbent dose concentrations. The Adsor-
bent–Adsorbate kinetic studies showed that the pseudo-
second order kinetic was the applicable model. The adsorption 
process was found to be spontaneous and irreversible. The 
suggested modified sorbents are effective, environment 
friendly and can decrease the enormous amount of toxic 
chromium ions introduced into aquatic environment from 
effluent discharges as industrial electroplating industries ur-
banization. Applicability of the adsorbent derived from modi-
fied rice husk cellulose with triethylenetetramine then grafted 
by crotonaldehyde was successfully established for Cr6+ ions 

removal. Thus, CTC is found to be an efficient adsorbent for 
the removal of Cr6+ from aquatic environments. 
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