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Figure 1. The effect of pH variation on the removal efficiency (initial concentration of hexavalent chromium
50 mg /1, adsorbent 0.3gr / 100cc, Contact time 20 min and temperature of 22 °C).

L Gl bl s Ve @ Yo Sl el 0l
Sk 00 Ll (a3 B RS e S sl bl
oled Ol 53 Ao 3 AVA w Lo s VAT S 1)
DLty Oloy ol 51 5 Bl Ll aids VY

YEA

P TPV PR PR R PG R P
03 4i33 VY 4 adds Yo 5l 0l s i L Gl
ol e 5 o8 N il el laie pH=0
35 pon A Sk 00 SB B AS sS
ol B L osdpe edalin Y ISE s &5 sbOles



Ol g (5 g s ol

S5 Gle e S il sk wg Ol (s
&ﬁ‘ BEl 45&)}]94.: (ol 4.5.35.5 Y “:'-L‘yjl"::’.j‘tjs
Sl odewy doys AV @ u.l;- Ql.a.\.:\) Ql.a)
Lyl o shesliad L (Y1 0) OLa 5 il
B eSSl Bl by iy IS
o3lizal L (YY) Ol,as 5 SIS0 (YY) s gl
b B S Bl b SVl 2 S 5
Q‘)KA.A SRS D] (Vi) .,\..:D\J )\J.; MJUQA b)j,d \)
S5 3l sl b x b i g S Gl (Y2rd)
Shde sl Rl ol Ol S 4 4 s

(Y0) ey oo J3lad &4 Ske

2 chle Jals s Sl Sl Ol 0n SR
clle Al ol el o3kl GLE| 4ids 1Y Olea
Jold 6 g 45 Olej ol 5 g 4Bl aslsl 4235 \Y0 U
5> Jels S aeas ol b A
d:ujﬁéqj\@ﬂbf&:@\wf
ad> o s o olant] s | Ol Ode
o Cad Sl 3 oS 45l A4S d e e
Ol S s ol w8 lie 5 uS e oS jlie S S
aJ sl & el e s pme S s
5 odm Sl Sl Wi Ol chle Ol s
oo law 5 &8 6355 glaes S L Vil
LS Wy, wsl de e s il s i

100 l 0.3
80 E——— e ) e (@ ——
—_ ), 0.2
2\1 2 ®0 TR 0 —
c 2 ) 3
o 3 40 <
s 01 g
5 3 20
2 )
< 0 0
0 20 40 60 80 100 120
T(min)
(aido)ybo
e=gr=Adsorption e=em==Ce/Co

v mg/l b b i gy S gl chle o /YE/100cC L3l esle ke PH = 0) Sl IS 55, 1 ol Dby ST IS

1 E sl 4 YY s

Figure 2. The effect of time on the removal (pH=1, initial concentration of hexavalent chromium 50 mg / 1,
adsorbent 0.3gr / 100cc, Contact time 20 min and temperature of 22 °C).
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Figure 3. Effect of absorbent weight on removal of Cr (pH=5, adsorbent 0.3 g / 100cc, exposure time 120 min

and temperature of 22 °C).
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Figure 4. Effect of initial chromium concentration on removal (pH=5, adsorbent 2 g / 100cc, contact time

120 min and temperature of 22 °C).
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Figure 5. Effect of temperature on removal efficiency (pH=5, adsorbent 2g / 100cec, initial chromium

concentration mg /1 and time 120 min).
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Figure 6. Langmuir isotherm clinoptilolite zeolite to absorb chromium (chromium concentration in 50 mg /1,

absorbent weight 2mg / 100cc and pH=5).
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Figure 7. Freundlich isotherm, clinoptilolite zeolite to absorb chromium (chromium concentration in 50 mg /1,

absorbent weight2 mg / 100cc and pH=5).
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Table 1. Comparison of Freundlich and Langmuir isotherms to absorb chromium by adsorbent.

Langmuir Freundlich
Qo b R? 1/n K R?
14.18 3.81 0.9995 0.0769 16.96 0.9835
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Figure 8. Shaped linear pseudo-grade Cr (VI) adsorption on zeolite clinoptilolite (pH=5 and the amount of

adsorbent weight 2g / 100cc).
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Figure 9. Pseudo-linear form of the hexavalent chromium is absorbed on the zeolite clinoptilolite (pH=5 and

the amount of adsorbent weight 2g / 100cc).
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Table 2. Parameters and Kinetic correlation coefficient of chromium adsorption on adsorbent.

Kinetic models parameters value

k;(1/min) 0.0036
Pseudo first degree
R’ 0.55
K5(1/min) 0.5
Pseudo secondary degree
R’ 0.99
chle (L dsls e b sl Saas sl S oS A

T s b SRS a3 B RS ey S Wl
Lossdie gl py S sl clle Ll Lol
el e sl s Ol esle Jlde 2l
Cle Sl & B S Bl e il
o VY 5l L il bl e il Sl
S Bd= LS ol S Sl ax s 00w ol S Sl
los .l Bl fals dsys AE/A 4 ds ;3 447NV
CAES em e oS odr ke wg
RGN LS WAPESSTI AT SSRGS VRN
i b eV el e Lol slassls
FeS e SOl ames 5 GV Soes
eioxnl sladbe o 1 Gl SN
5 0k ol St (o s Iy
oS o S ) pss ar e el (St e

yog

et 53 sk b sy sles S

oxlized U of ladams 3| 2 b 22 p3,S Bl
Ol e 3 oVl S 55 3l
.ijs 03 e u‘iI Jloes andinl cisls
095 4 el Gl ol ol s S e 3L
bk Saly Ol w5 b ks
BB 58 ol Ol 0 YL Ll pH
Jole Ol sl e Sl pH=0 s bl Lo g
dpa 4 ol el emes 5 cde anl
Slo ) Caenl o 5 i (golaBl ladasiio
Sl wl O adal gl pSS ey
SlrpsS ol skea a0l ol b
Akl azds WY Ve S g
chle @ bt e S e 0 A
2 GBS e S L Wyl cBlE il



OSed g (S g s ols

Sl ol Cbu\ J..;-J:.) cmtb ‘_;‘:'AJ}:’. C)‘)L&&\ )\ d)‘}gdﬂl?hd

Jﬁ&d\bjﬂ)ﬁdﬁ.ﬂjw,uc\s GJMM&LA)JE leo JG 33 U’:“‘Q)J“i U'i‘
Ll L 5V ENFRE £ 50 \TAE//0TAT 25

&l

1.Gupta, V.K., and Alj, I. 2004. Removal of lead and chromium from wastewater using bagasse
fly asha sugar industry waste. J. Coll. Int. Sci. 271: 2. 321-8.

2.Sharma, Y.C., Uma, Upadhyay S.N., and Weng, Ch. 2008. Studies on an economically viable
remediation of chromium richwaters and wastewaters by PTPS fly ash. Colloids Surf A
Physicochem. Eng. Asp. 317: 1-3. 222-8.

3.Ku, Y., and Jung, I.L. 2001. Photocatalytic reduction of Cr(VI) in aqueous solution by UV
irradiation with the precens of titanium dioxide. Wat. Res. 35: 135-142.

4.Singh, B., Alloway, B.J., and Bochereau, F.J.M. 2000. Cadmium sorption behavior of natural
and synthetic zeolites. Commun. Soil. Sci. Plant. Anal. 31: 2775-2786.

5 Karthikeyan, T., Rajgopal, S., and Miranda, LR. 2005. Chromium(VI) adsorption from aqueous
solution by Hevea Brasilinesissawdust activated carbon. J. Hazard Mater. 124: 1-3. 192-9.

6.Sharma, D.C., and Forster, C.F. 1994. Preliminary examination into the adsorption of
hexavalent chromium using low-costadsorbents. Bioresour. Technol. 47: 3. 257-64.

7.Dubey, S.P., and Gopal, K. 2007. Adsorption of chromium(VI) on low cost adsorbents derived
from agricultural waste material: A comparative study. J. Hazard Mater. 145: 3. 465-70.

8.Bansal, M., Singh, D., and Garg, VK.A. 2009. Comparative study for the removal of
hexavalent chromium from aqueous solutionby agriculture wastes carbons. J. Hazard Mater.
171: 1-3. 83-92.

9.Agarwal, G.S., Bhuptawat, H.K., and Chaudhari, S. 2006. Biosorption of aqueous
chromium(VI) by Tamarindus indica seeds. Bioresour. Technol. 97: 7. 949-56.

10.Klimaviciute, R., Bendoraitiene, J., Rutkaite, R., and Zemaitaitis, A. 2010. Adsorption of
hexavalent chromium on cationic crosslinkedstarches of different botanic origins. J. Hazard
Mater. 181: 1-3. 624-32.

11.Gupta, V.K., Rastogi, A., and Nayak, A. 2010. Adsorption studies on the removal of
hexavalent chromium from aqueous solutionusing a low cost fertilizer industry waste
material. J. Coll. Int. Sci. 342: 1. 135-41.

12.Kargalo, A., Coker, Ernest, E., and Ludwig. 2007. Ludwig's applied process design for
chemical and petrochemical plants, Volume 1. Elsevier. 114p. ISBN 075067766X.

13.Granados-Correa, F., and Jiménez-Becerril, J. 2009. Chromium(VI) adsorption on boehmite.
J. Hazard Mater. 162: 2-3. 1178-84.

14.Chakrabarti, S., Chaudhuri, B., Bhattacharjee, S., Ray, AK., and Dutta, B.K. 2012.
Photo-reduction of hexavalent chromium in aqueous solution in the presence of zinc oxide as
semiconductor catalyst.

15.Mohan, D., and Pittman, C.U.Jr. 2006. Activated carbons and low cost adsorbents for
remediation of tri- and hexavalentchromium from water. J. Hazard Mater. 137: 2. 762-811.

16.Malkoc, E., Nuhoglu, Y., and Dundar, M. 2006. Adsorption of chromium(VI) on pomace- an
olive oil industry waste: batch andcolumn studies. J. Hazard Mater. 138: 1. 142-51.

17.Levankumar, L., and Muthukumaran, V. 2009. Gobinath MB. Batch adsorption and kinetics
of chromium (VI) removal fromaqueous solutions by Ocimum americanum L. seed pods.
J. Hazard Mater. 161: 2-3. 709-13.

Yoo



YA (£) o loud (TE) s SB 5 o Cblis gloing}s 4 i

18.Mohan, D., Rajput, S., Singh, V.K., Steele, P.H., and Pittman, C.U.Jr. 2011. Modeling and
evaluation of chromiumremediation from water using low cost bio-char, a green adsorbent.
J. Hazard Mater. 188: 1-3. 319-33.

19.Bajda, T., and Klapyta, Z. 2012. Sorption of chromate by clinoptilolite modified with
alkylammonium surfactants. Mineralogia Polonica, 37: 2. 109-115.

20.Chemical Gherbi, R., Nasrallah, N., Amrane, A., Maachi, R., and Trari, M. 2011. Engin. J.
153: 86-93. Photocatalytic reduction of Cr(VI) on the new hetero-system CuAl,O4/TiO,.
J. Hazard. Mater. 186: 1124-1130.

21.Khosravi, A., Esmhosseini, M., Khezri, S.A., and Habibiazari, A.D. 2012. Bivalent removal
of heavy metals (cadmium, cobalt, zinc and lead) and ammonium from wastewater using
natural zeolite West Azerbaijan province. Sci. J. Appl. Chem. Semnan University. 20p.
(In Persian with English Abstract)

22 Mirbagheri, A., President, R., and Beiglari Atmosphere, N. 2013. The use of zeolite as
pozzolan cement mixtures and using them as adsorbents in water and wastewater treatment
were examined. The Sixth National Conference on Environmental Engineering. (In Persian
with English Abstract)

23.Shiism, A., Movahedian, H., Amin, M., Th, D.D., and Nick Aein, D. 2010. Removal of
hexavalent chromium by modified zeolite nanoparticles. J. Ecol. 43: 44-39. (In Persian with
English Abstract)

24 Isfahani, AS., and Shamohamady, N. 2011. Remove manganese from the water with natural
zeolite Na. Ecology. 58: 97-104. (In Persian with English Abstract)

25.Qasimi Mobtaker, H., and Haghighi, H. 2010. The application of zeolites A and P
synthesized from natural clinoptilolite zeolite Iran to remove heavy cations of simulated
wastewater. J. Chem. Chem. Engin. Iran. 2: 24-37. (In Persian with English abstract)

26.Soltani, F., Shamohamady, N., and Radfar, D. 2012. Chromium removal from aqueous
solution by rice stem the environment for sustainable development, the first national
conference on strategies to achieve sustainable development, Pp: 8-1. (In Persian with
English Abstract)

27.Mor, S., Ravindra, K., and Bishnoi, N.R. 2007. Adsorption of chromium from aqueous
solution by activated alumina and activated charcoal. Bioresour. Technol. 98: 954-957.

28.Ghani Zadeh, Gh., Ghanaian, M.T., and Asgari, Gh. 2013. Application of Bone Ascorbic
Acid in Removal of Chromium Six-Fe Metal, J. Qom Univ. Med. Sci. 2: 7-16. (In Persian
with English Abstract)

29.Neagu, V., and Mikhalovsky, S. 2010. Removal of hexavalent chromium by new quaternized
crosslinked poly (4-vinylpyridines). J. Hazard Mater. 183: 533-540.

30.Wingenfelder, U. 2005. Removal of heavy metals from mine waters by natural zeolites.
Environ. Sci. Technol. 39: 21. 4606-4613.

31.Ayuso, E.A., Sanchez, A.G., and Querol, X. 2003.Purification of metal electroplating waste
waters using zeolites. Water Res. 37: 4855-4862.

32.Kallo, D., and Sherry, H.S. 1988. Occurrence, Properties and Utilization of Natural Zeolites.
1988. Budapest: Akademiai Kiado.

33.Blanchard, G.M. 2010. Maunaye and G. Martin, Removal of heavy metals from waters by
means of natural zeolites. Water Res. 18: 1501-1507.

34.Inglezakis, V.J., Loizidou, M.D., and H.P. 2013. Grigoropoulou, Ion exchange of Pb**, Cu*’,
Fe’" and Cr’" on natural clinoptilolite: selectivity determination and influence of acidity on
metal uptake. J. Coll. Int. Sci. 261: 49-54.

35.Rios, J., Parsons, J.G., and Gamez, G. 2009.Characterization of Cr(VI) binding and reduction
to Cr(IIl) by the agricultural byproducts of Avena monida(Oat) biomass. J. Hazard. Mater.
B80. Pp: 175-188.

vou



OSed g (S g s ols

36.Gardea-Torresdey, J.L., Tiemann, K.J., Armendariz, V., Bess-Oberto, L., and Chianelli,
R.R. 2012. Adsorption of chromium from aqueous solution on treated sawdust. Bioresour.
Technol. 92: 1. 79-81.

37.APHA, AWWA, WPCF. 2005. Standard methods for examination of water and wastewater,
21" ed. Washington, D.C., USA, 3: 67-3, 68.

38.Liu, Y., and Juan Liu, Y. 2008. Biosorption isotherms, kinetics and thermodynamics.
Sep Purif Technol. 61: 229-242.

39.Petruzelli, D., and Passino, R. 2007. Ion exchange process for choromium and recovery from
tannerywastes. India Engineering Chemichal Research, 34: 2612-2617.

yov



ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 24(4), 2017
http://jwsc.gau.ac.ir

Exploring the possibility of removing chromium(IV)
from aqueous solution using zeolite clinoptilolite

*A. Khashei Siuki', A. Shahidi', P. Taherian’ and Z. Zeraatkar’
' Associate Prof., Dept. of Water Science and Engineering, University of Birjand,
*Ph.D. Student, Dept. of Irrigation and Drainage, Ferdowsi University of Mashhad,
*Ph.D. Student, Dept. of Water Resources Engineering, University of Birjand
Received: 02/24/2017; Accepted: 09/03/2017

Abstract

Background and Objectives: The most important toxic heavy metals and carcinogenic
pollutants in the environment are very high. One of the most important and most widely used
heavy metal chromium. Chromium is a heavy metal that is through the digestive system and
absorption through the skin and stored in the human body. The aim of this study was to
investigate the possibility of using zeolite clinoptilolite has been the removal of hexavalent
chromium.

Materials and Methods: This study was an experimental study in a batch system in a lab
environment pollution College of Agriculture and Natural Resources was conducted. In this
study, clinoptilolite zeolite adsorbent mines in Semnan province were prepared. The adsorption
process, the change in pH, contact time, the amount of adsorbent weight, initial chromium
concentration and temperature. Continue to measure the concentration of hexavalent chromium
by atomic absorption spectrometry was used in a laboratory environment Birjand University.
Data analysis and graphs were done by Excel software. Experimental isotherms Freundlich and
Langmuir isotherm equilibrium models were studied.

Results: The results of this study showed that the removal of hexavalent chromium at pH 5, the
contact time of 120 minutes, optimum weight absorbent 3 grams, the initial concentration of
50 ppm and a temperature of 22 °C, respectively. Due to limited active sites in the sorbent by
increasing the initial chromium concentration, adsorbent dose and temperature, the removal
efficiency decreases with increasing time efficiency increases. Experimental isotherms
Freundlich and Langmuir isotherm equilibrium models revealed that sorption data with the
Langmuir isotherm model, with a correlation coefficient higher and more consistent standard
deviations less than the Freundlich isotherm models. In kinetic studies, the pseudo second
model to attract hexavalent chromium knows index.

Conclusion: The results showed that the absorption kinetics of pseudo-quadratic model and the
balance of the Langmuir isotherm model follows. Overall results of the tests showed that natural
zeolite clinoptilolite can be as economically attractive, effective and inexpensive for the
removal of hexavalent chromium from contaminated drainage water and wastewater use.

Keywords: Adsorption, Chromium, Zeolite clinoptilolite, Isotherm model, Kinetic model

* Corresponding Author; Email: abbaskhashei@birjand.ac.ir

YoA



