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Figure 1. Image of nano clay (Cloisite Na*) taken by a scanning electron microscope. (a) Before adsorption,
(b) After heavy metal of chromium and cadmium adsorption (magnification 1000).
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Table 1. The results of elemental analysis of nano clay (Cloisite Na") used in this study.

(-Lo;é) Sldds s (Mjé) slds B
Quantity (Percent) Element Quantity (Percent) Element
o) “al
6.28 o 3.65 -
Silicon Iron
oo 1 el
10.9 oS 0.34 §
Aluminum Calcium
0.9 (= 0.07 e
Magnesium Potassium
W
1.33 = 0.1 s
Sodium Chlorine
e <] ~ .
33.13 a 0.27 >
Oxygen Sulfur

ealanwl 3590 (s Ca“lﬁjlf ‘_,.U_,JU CJL_wora.‘;—Y J}J}
Table 2. Characteristics of nano clay (Cloisite Na") used in this study.

Sl S g
Quantity Characteristics
00 (ho ) Sl
. Carbonate (Percent)
6 0 (-Lo J)) A.;T )‘ 90
. Organic matter (Percent)
524.8+5 05 2 @r i) o e
Surface area (m?/g)
Cation exchange capacity
47.02 5 S
Specific density
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Figure 2. Effect of pH on absorption efficiency of chromium from solution of single element (chromium) and
two elements (chromium- cadmium) by nano clay (Cloisite Na®).
(Initial concentration of solution 10 mg/L, adsorbent dosage 10 gr/L and contact time 24 h).
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Figure 3. Effect of contact time on absorption efficiency of chromium from solution of single element
(chromium) and two elements (chromium- cadmium) by nano clay (Cloisite Na*).
(Initial concentration of solution 10 mg/L, adsorbent dosage 10 gr/L and optimum pH).
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Figure 4. Effect of adsorbent dosage on absorption efficiency of chromium from solution of single element
(chromium) and two elements (chromium- cadmium) by nano clay (Cloisite Na*).
(Initial concentration of solution 10 mg/L, optimum contact time and optimum pH).
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Figure 5. Fitting isotherm models of chromium adsorption from single element solution (chromium) by
nano clay (Cloisite Na®).

5
*
|
% 4
3 &
2
ﬁj g b — e s
3 E Lansmuirm odel
3 Freundlich m odel
jﬂ — it Juke
IE 1 Sips model
.—R o Salel glaeals
E Experim ental data
Ed U T T T T T

0 10 20 30 40 S0 60 70 80

(od ppsS GL_al.n)C__?_Ln g Joled Sl g8 sl wdor cole cudalé
C. (mg/L)
ot Sl S ) SU L g (eslS —py S) (5 5 5l pa S 2 p il gladas 351 SS

Figure 6. Fitting isotherm models of chromium adsorption from two elements solution (chromium- cadmuim)
by nano clay (Cloisite Na®).
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Table 3. Isotherm models parameters of chromium adsorption by nano clay (Cloisite Na") (chromium).

Sldae b Jde
Quantity Parameter Model

0.611 K

1.717 n a5
0.9907 R’ Freundlich
0.2263 RMSE

8.398 Gm
0.0423 b RS
0.9936 R? Langmuir
0.1873 RMSE

11.19 Jm
0.0216 a -

1.21 n Sips
0.9977 R?
0.1751 RMSE

(a3l =p S Jslows) pordr ol IS s 56 o 58 Dl p sl sladas RMSE 5 R -8 Jsu
Table 4. R? and RMSE of isotherm models of chromium adsorption by nano clay (Cloisite Na*) (chromium-
cadmium).

Slde b Jde
Quantity Parameter Model
2
0.9721 R C?" L5
0.2831 RMSE Freundlich
2 _
0.9656 R 5o SN
0.3418 RMSE Langmuir
0.9648 R?
[ ro0ns
0.3478 RMSE Sips
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Abstract

Background and Objectives: In recent years, concerns about the long-term effects of heavy
metals as one of the main environmental pollutants has increased. These metals have adverse
effects on human health, which include growth retardation, cancer, damage to the nervous and
heart system. Mainly heavy metals discharge into environment from industrial and urban
sewage. There are the different methods to reduce water pollution and removal of heavy metals
from water that one of them is adsorption by using organic and inorganic absorbers.
In this study, the use of nanoclay (Cloisite Na") for adsorption of chromium form Single- and
two- component solution (competitive) was investigated.

Materials and Methods: This study was conducted in scale laboratory conditions and batch
system by changing the factors that affect the absorption process such as pH (2-10), contact time
(5-1440 minutes), adsorbent dose (1-5 and 2 gr/L) and adsorbate concentration (1-100 mg/ L).
Then in solution of single and two elements systems, experimental data were investigated with
absorption isotherms of Freundlich, Langmuir and Sips.

Results: Results showed that the optimum pH values for adsorption of chromium were 6 and 7
for single-element and two elements systems, respectively. Also, in single and two-element
systems, the maximum removal efficiency was obtained (82% and 59.2%). Effect of contact
time on the adsorption process showed that equilibrium time of removal of Cr (VI) by nanoclay
(Cloisite Na") is 180 min in single element systems and 240 min in two-element systems.
Optimum dosage of adsorbent for absorption of chromium ions from single and two element
solution with a concentration of 10 ppm is 5 and 20 g/L, respectively. Comparison of the
Freundlich, Langmuir and Sips isotherms showed that the Sips model for single element system
was described data of adsorption better than other models with R* (0.9977) and RMSE (0.1751).
Also in two-element system, Freundlich model with R* (0.9721) and RMSE (0.2831), is better
fit with data of adsorption.

Conclusion: Due to the presence of heavy metals in various industries wastewater and their
effects on adsorption of each other by the different adsorbent, it is necessary for getting real
results in the process of adsorption Notice to this matter. The results of this study also showed
that the absorption presses of chromium from solutions of single element or combination of
elements with the same adsorbent are completely different.
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