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Fig. 2- Langmuir adsorption isotherms of Phosphorous on fibrous clay-supported zero-valent iron nanoparticles composites
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Fig. 3- The effect of initial Phosphorous concentration on separation factor RL
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Fig. 4- Langmuir adsorption isotherms of Cadmium on fibrous clay-supported zero-valent iron nanoparticles composites
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Fig. 5- The effect of initial Cadmium concentration on separation factor RL
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Fig. 6- Langmuir adsorption isotherms of Nickle on fibrous clay-supported zero-valent iron nanoparticles composites
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Fig. 7- The effect of initial Nickle concentration on separation factor RL

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad
I\Yd


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiG29e5sv7SAhWB1hQKHSzpARwQFgggMAA&url=http%3A%2F%2Fwww.iosrjournals.org%2Fiosr-jac%2Fpapers%2Fvol3-issue1%2FJ0313845.pdf&usg=AFQjCNH4M5vVriiLJgZbNbRg5eQj4o7e9Q

oBgz Lmw 9 (5 )lise dom

gl il O3l glas o (S L akis
slaoan ¥l Wl oo g5 00,5 gy Cote Jb il
Do Slily S Gz il 35k 51 (o]
ool Oldgh maw io SoaSdl L L aads oS
sdd 5,155 (ZPC=7.7-8)  ib,biw
«(Giasuddin etal., 2007; Soliemanzadeh & Fekri, 2017a)

ISl slacdale sol> slaJslxe a5l pH
wodz anl,d 5l o g 09 F-F/O oogume jo yhuwd
51 %S PH (pl a8 s, V=VIO jlade 45 ol pH
caS le o g cwnl yao SOSUE L L adais
B> o ol (gl puilSo )lg5 oo 1) Seliwlg 2SIl
255 Olge yhad
Sao ol SLdgh g pgresls o lailiwl Jewsly
=o—al o Jasliw] Jawily) ppds S0y o8,

porodls Ll (pl by (Stumm & Morgan, 2012)
Yoo g athn 55l Wl oo o] &3gl lawgs
oY o (e (SeST s i lapenlSee i
Lol g (P Cds punslSe g0 aiiind 50 pgaesls
S, bug IS5 Gl 0 g Glapasle )
oA eblihe sl b st gy sy
Ol by (f08,b 90 S5 sl Gl s
29 sbsbiio S ol has g oal ud )b i
bl sl Golas Jdoay oo 31 S5 B> 28ly
B> ol Lietal (2017) .o)ls 55> ool g JSs
“ligty Caigped by 2l gladslre 5l S
o2l )b yie Dlidgil g (el (b ke gl
OIS e YV g aeys VY coija ) obs @
=B (2l 4 by ladb sy eaimslis
o2l SRR

Ohdgl Coigin QI jpa> o

SIS RL b oS eyl cile lsél b
53 Ly JS6 wis sly cays ol e il
5 ool GRhbiae Sldslcudsn Cajsees
Alr i a o8l (ko Sldgil- oS Sl
oy ol ol Cews a4y AF —o/AA g +[E0-+AQ |y
oduposlis aS og axly 5l gaS L3 g0 o (ol
Jol> srosls Co3 Cond g IS @iz 09 wollae
el 5085V Jos Lagi S 03>

Pgrodls ¢ paud ‘SL{MM‘YI R Fyawee] L
S5 g
Cir g, Wil gosste el
Ssz5e (0 GloanS s 00 g oS bwgs (ol
B ool oud b he gl lawgs leeasY]
Slhdgil lawgs ooV Bi> (S el .05l
3 5 s sl Jsl 4 by e (bl i o0
e &lg3 oo 4 Cawlroa VT w ol oLd b an
o9 b yieS Coen b (oS 5 s ooVl bus
et b ae 36l o Bk 5l el e
Olreds Jolowe ()5S 5l oslatul )b 51 asslys o
‘) L(ao.\.;.{}” H202 4 (j J.u.\.».s 9 Qsj.’lSﬂ o.\.SJ.:f
ool wnld ol boaiS o, g oS
Cales ) 5 b ybss ool ay daus ol (b o
sdibaw ool ogdee (ubiban el a4 o
sddlie yiwd g ol (cog Sl feily awslie

OBl as

Sl g yawd gl

S5 (5
S 65 il )l 257y ol 28l jho
ailyd asl asls cllBs yaus B> s il e
5 Sliwlg Sl Qi Gk ) el (e i
S eS bazme PH oS (5550 50 el I Jobs

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

oy



ey bang o] Glo glore 5l Some slaoas¥] i

8 5 o

D3z slledes @duig s 9 55 o Jue
o gea |y 0adifi GlacyjsneS by jhus
CojgreS 4 by yhud O Sobl o i g s S
Jol> slaosls gy ol 08 )b a0 &l 3eil-Cod gaw
Joe w2 b oo Siln IS5 5 peeesls i
sls GLaS g ggSholymmings g g ngeSSY
by coipa IS5 5 poresls S e o i
~ Sy Sy 5l b ihe Sl dgl-cuds
SIS ssba 85 Djso el (b b ihs oldsl
Shdgl-s b Sl slacejees ol lis @b
$hye Sl plyea Wil ool (bl jho
5SS g paeslS (yaud oaisY! SlaS 5 B> sl
35,5158 soliiul 0,90 ol &b

Al-Rashdi, B.A.M., Johnson, D.J. and Hilal, N.,
2013. Removal of heavy metal ions by
nanofiltration. Desalination. 315, 2-17.

Bhowmick, S., Chakraborty, S., Mondal, P., Van
Renterghem, W., Van den Berghe, S., Roman-
Ross, G., Chatterjee, D. and Iglesias, M., 2014.
Montmorillonite-supported nanoscale zero-valent
iron for removal of arsenic from aqueous solution:
kinetics and mechanism, Chemical Engineering
Journal. 243, 14-23.

Boparai, H. K., Joseph, M., and O’Carroll, D. M.,
2013. Cadmium (Cd?**) removal by nano
zerovalent iron: surface analysis, effects of
solution chemistry and surface complexation
modeling. Environmental Science and Pollution
Research. 20, 6210-6221.

Chipera, S. and Bisch. D. L., 2001. Baseline
studies of the Clay Minerals Society Source Clays:
powder X-ray diffraction analysis. Clay and Clay
Minerals. 49, 398-409.

ool by yhe o3l Qi 4 Cud (18 ko
ey sl oamalis e oyl 45 g olSa
ko Goyb Sl et brhe S 4 (b g0 US
Bi> bl Az )0 5 b )b g0 4 byl sho ol
DA olly pegn ol e sl IS e
Gl s ] 08 b s Ol 3gil-cuSn, 65 L
NS SN S ICTJE TR
Sad Bl 051 iy peredlS 5 yaud 4 Cons laore
Cix anld poedle Koo oS g0 b awlie jo
il s ol Glan] B Sbces wily e o
Gk 5l USs bl o S oSl S Yl
Rdsbg0 ool (28 b ko ol (graslanST (il
I Bds o e 45 g S Jas e Sl asilys
il sl il e |

&bo

Duru, I., Ege, D., Kamali, A.R., 2016. Graphene
oxides for removal of heavy and precious metals
from wastewater, Journal of Materials Science. 51,
6097-6116.

Essington, M. E. 2004. Soil and Water Chemistry:
An Interrative Approach. CRC Press, Boca Raton,
Florida.

Giasuddin A.B.M., Kanel, S.R. and Choi, H., 2007.
Adsorption of humic  acid onto nanoscale
zerovalent iron and its effect on arsenic removal.
Environmental Science Technology. 41, 2022-
2027.

Giels, C. H., Silva, A. P. D. and Easton. I. A., 1974.
A general treatment and classification of the solute
adsorption isotherm. part. Il. Experimental
interpretation. Journal of Colloid and Interface
Science. 47, 766-778.

Hua, M., Zhang, Sh., Pan, b., Zhang, w., Lv, L. and
Zhang, Q., 2012. Heavy metal removal from

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad

OA


http://www.sciencedirect.com/science/article/pii/S0011916412002822#!
http://www.sciencedirect.com/science/article/pii/S0011916412002822#!
http://www.sciencedirect.com/science/article/pii/S0011916412002822#!
http://www.sciencedirect.com/science/journal/00119164
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwjquNj4sYDTAhVEIMAKHS-SBMYQFggcMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F10853&usg=AFQjCNFJLeFmVHbhgORgCiSkZCGUCD5wqQ&bvm=bv.151325232,d.d24

oBgz Lmw 9 (5 )lise dom

water/wastewater by nanosized metal oxides: A
review. Journal of Hazardous Materials. 211- 212,
317-331.

Karn, B., Kuiken, T., Otto, M., 2009.
Nanotechnology and in situ remediation: a review
of the benefits and potential risks. Environmental
health perspectives, 117, 1813-1831.

Krastanov, A., Alexieva, Z. and Yemendzhiev, H.,
2013. Microbial degradation of phenol and
phenolic derivatives, Engineering of Life Science.
13, 76-87.

Li, Y., Li, J. and Zhang, Y., 2012. Mechanism
insights into enhanced Cr (VI) removal using
nanoscale zerovalent iron supported on the pillared
bentonite by macroscopic and spectroscopic
studies, Journal of Hazardous materials. 227, 211—
218.

Li, Z., Dong, H., Zhang, Y., Li, J. and Li, Y., 2017.
Enhanced removal of Ni(ll) by nanoscale zero
valent iron supported on Nasaturated bentonite.
Journal of Colloid and Interface Science. doi:
http:// dx.doi.org/10.1016/j.jcis.2017.02.058.

Li, Z., Zongwei Ma, Z., Jan van der Kuijp, J.,
Yuan, Z. and Huang, L., 2014. A reviewof soil
heavymetal pollution frommines in China:
Pollution and health risk assessment. Science of
the Total Environment. 468-469, 843-853.

Lin, S. H. and Juang, R. S., 2002. Heavy metal
removal from water by sorption using surfactant-
modified montmorillonite. Journal of Hazardous
Materials. B92, 315-326.

Millar, G.J., Couperthwaite, S.J. and Papworth,
S., 2016. lon exchange of sodium chloride and
sodium bicarbonate solutions using strong acid
cation resins in relation to coal seam water
treatment, Journal of Water Process Engineering.
11, 60-67.

Millar, G.J., Couperthwaite, S.J., de Bruyn, M. and
Leung, C.W., 2015. lon exchange treatment of
saline solutions using Lanxess S108H strong acid
cation resin, Chemical Engineering Journal. 280,
525-535.

Millar, G.J., Lin, J., Arshad, A., Couperthwaite,
S.J., 2014. Evaluation of electrocoagulation for the
pre-treatment of coal seam water, Journal of Water
Process Engineering. 4, 166-178.

Pang, Z.H., Liu, Y., Luo, J. and Lei, Y.T., 2013.
Influence factors on removal of cadmium by
montmorillonite supported nano zero-valent iron,
Advanced Materials Research. 807, 539-542.

Qiu, X,, Fang, Z.,, Yan, X,, F. and Gu, F., 2012.
Emergency remediation of simulated chromium
(VI)-polluted river by nanoscale zero-valent iron:
laboratory study and numerical simulation,
Chemical Engineering Journal.193, 358-365.

Qu, X., Alvarez, PJJ. and Li, Q. 2013
Applications of nanotechnology in water and
wastewater treatment, Water Resource. 47, 3931-
3946.

Sheikhhosseini, A., Shirvani, M., Shariatmadari,
H., Zvomuya, F. and Najafic, B., 2014. Kinetics
and thermodynamics of nickel sorption to
calcium—palygorskite and calcium-sepiolite: A
batch study. Geoderma. 217-218, 111-117.

Shi, L. N., Zhou, Y., Chen, Z., Megharaj, M. and
Naidu, R., 2013. Simultaneous adsorption and
degradation of Zn?* and Cu. from wastewaters
using nanoscale zerovalent iron impregnated with
clays, Environmental Science and Pollution
Research. 20, 3639 3648.

Shirvani, M., Shariatmadari, H., Kalbasi, M.,
Nourbakhsh, F. and Najafi, B. 2006. Sorption of
cadmium on palygorskite, sepiolite and calcite:
Equilibria and organic ligand affected kinetics.

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

AR


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwii-tPo2IDTAhUBvhQKHY7MAR0QFggeMAA&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-water-process-engineering&usg=AFQjCNG0P_VQuYpIBccNf5udpGuLgGjo0g&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwic16Kr2YDTAhWKtRQKHeeQAVgQFggeMAE&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fchemical-engineering-journal&usg=AFQjCNE4dfFVJn2erNlSllY6Yw8OAV3X5Q&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwipyO_PsYDTAhVE0xQKHbJXCPMQFggeMAA&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-water-process-engineering&usg=AFQjCNG0P_VQuYpIBccNf5udpGuLgGjo0g&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwipyO_PsYDTAhVE0xQKHbJXCPMQFggeMAA&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-water-process-engineering&usg=AFQjCNG0P_VQuYpIBccNf5udpGuLgGjo0g&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwic16Kr2YDTAhWKtRQKHeeQAVgQFggeMAE&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fchemical-engineering-journal&usg=AFQjCNE4dfFVJn2erNlSllY6Yw8OAV3X5Q&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiBr8yU24DTAhVEVhQKHXcJCCIQFggeMAE&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F11356&usg=AFQjCNFvhMtrvxURj3dTu2jEjsHRIrYEPw&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiBr8yU24DTAhVEVhQKHXcJCCIQFggeMAE&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F11356&usg=AFQjCNFvhMtrvxURj3dTu2jEjsHRIrYEPw&bvm=bv.151325232,d.d24

ey bang o] Glo glore 5l Some slaoas¥] i

Colloids and Surfaces A: Physicochemical
Engineering Aspects. 287, 182-190.

Simate, G.S., Maledi, N., Ochieng, A., Ndlovu, S.,
Zhang, J. and Walubita, L.F., 2016. Coalbased
adsorbents for water and wastewater treatment,
Journal of Environmental Chemical Engineering.
4,2291-2312.

Soliemanzadeh, A., Fekri, M. 2017a. Synthesis of
clay-supported nanoscale zero-valent iron using
green tea extract for the removal of phosphorus
from aqueous solutions. Chinese Journal of

Chemical Engineering, DOl:
10.1016/j.cjche.2016.12.006.
Soliemanzadeh, A., Fekri, M., 2017b. The

application of green tea extract to prepare
bentonite-supported nanoscale zero-valent iron
and its performance on removal of Cr(VI): Effect
of relative parameters and soil experiments,
Microporous and Mesoporous Materials. 239, 60-
69.

Soliemanzadeh, A., Fekri, M., Bakhtiary , S.,
Mehrizi, M.H., 2016. Biosynthesis of iron
nanoparticles and their application in removing
phosphorus from aqueous solutions. Chemistry
and Ecology. 32, 286-300.

Stumm, W., and Morgan, J. J., 2012. Aquatic
chemistry: chemical equilibria and rates in natural
waters. Vol. 126. John Wiley and Sons.

Tandon, P.K., Shukla, R.C., Singh, S.B., 2013.
Removal of arsenic (I11) from water with clay-
supported  zerovalent  iron  nanoparticles
synthesized with the help of tea liquor. Industrial
& Engineering Chemistry Research. 52, 10052-
10058.

Teh, C.Y., Budiman, P.M., Shak, K.P.Y. and Wu,
T.Y., 2016. Recent advancement of coagulation-
flocculation and its application in wastewater

treatment, Industrial & Engineering Chemistry
Research. 55, 4363-4389.

Tomar, V., Prasad, S., Kumar, D., 2014
Adsorptive removal of fluoride from aqueous
media using Citrus limonum (lemon) leaf.
Microchemical Journal. 112, 97-103.

Uziim, C., Shahwan, T., Eroglu, A.E., Hallam,
K.R., Scott, T.B., Lieberwirth, 1., 2009. Synthesis
and characterization of kaolinite-supported zero-
valent iron nanoparticles and their application for
the removal of aqueous Cu 2* and Co 2* ions.
Applied Clay Science. 43, 172-181.

Viseras C. and Lopez-Galindo. A., 1999.
Pharmaceutical applications of some Spanish clays
(sepiolite,  palygorskite,  bentonite):  some
preformulation studies. Applied Clay Science. 14,
69-82.

Wang, J., Liu, G., Zhou, C., Li, T., and Liu, J.,
2014. Synthesis, characterization and aging study
of  kaolinite-supported zero-valent iron
nanoparticles and its application for Ni(ll)
adsorption, Materials Research Bulletin. 60, 421
432.

Wang, Z., Nig, E., Li, J., Yang, M., Zhao, Y., Luo,
X. and Zheng, Z., 2012. Equilibrium and kinetics
of adsorption of phosphate onto iron-doped
activated carbon. Environmental Science and
Pollution Research 19, 2908-2917.

Xi, Y., Megharaj, M. and Naidu, R., 2011.
Dispersion of zerovalent iron nanoparticles onto
bentonites and use of these catalysts for orange 1l
decolourisation, Applied Clay Science. 53, 716—
722.

Xi, Y., Sun, Z., Hreid, T., Ayoko, G.A. and Frost,
R.L., 2014. Bisphenol A degradation enhanced by
air bubbles via advanced oxidation using in situ
generated ferrous ions from nano zero-valent

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad

s.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=0ahUKEwic0NnBsoDTAhXBWRQKHQkpCiMQFggpMAU&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F22133437&usg=AFQjCNHSle0FH_V6D2POH-bjacjeZFFf3Q&bvm=bv.151325232,d.d24
http://www.sciencedirect.com/science/journal/10049541
http://www.sciencedirect.com/science/journal/10049541
http://www.sciencedirect.com/science/journal/13871811
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&sqi=2&ved=0ahUKEwj00eqEsYDTAhVKD8AKHf-MD44QFggjMAI&url=http%3A%2F%2Fpubs.acs.org%2Ftoc%2Fiecred%2Fcurrent&usg=AFQjCNFrqG0c6j6ExaqyesnniM1xWxRwMg&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&sqi=2&ved=0ahUKEwj00eqEsYDTAhVKD8AKHf-MD44QFggjMAI&url=http%3A%2F%2Fpubs.acs.org%2Ftoc%2Fiecred%2Fcurrent&usg=AFQjCNFrqG0c6j6ExaqyesnniM1xWxRwMg&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwj-wazZ24DTAhVFGsAKHYvdDlUQFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00255408&usg=AFQjCNE1hElVb9-bL7x9H3_JOe5F58Wulw&bvm=bv.151325232,d.d24

oBgz Lmw 9 (5 )lise dom

iron/palygorskite composite materials, Chemical
Engineering Journal. 247, 66—74.

Yan, L. g., Xu, Y.y, Yu, H. Q ,Xin, X. d., Wei,
Q., Du, B., 2010. Adsorption of phosphate from
aqueous solution by hydroxy-aluminum, hydroxy-
iron and hydroxy-iron—aluminum  pillared
bentonites. Journal of Hazardous Materials. 179,
244-250.

Yoon, S.-Y., Lee, C.-G., Park, J.-A., Kim, J.-H.,
Kim, S.-B., Lee, S.-H., Choi, J.-W., 2014. Kinetic,
equilibrium and thermodynamic studies for
phosphate adsorption to magnetic iron oxide
nanoparticles. Chemical Engineering Journal. 236,
341-347.

Zhang, X., Lin, S., Chen, Z., Megharaj, M. and
Naidu, R., 2011. Kaolinite-supported nanoscale
zero-valent iron for removal of Pb?* from aqueous
solution:  reactivity,  characterization  and
mechanism, Water Research. 45, 3481-3488.

Zhang, Y., Li, Y., Dai, C., Zhou, X., and Zhang,
W. X. 2014. Sequestration of Cd (Il) with
Nanoscale Zero-valent Iron (nzZV1):
Characterization and Test in a two-stage system.
Chemical Engineering Journal. 244: 218-226.

A% ¢
& &l
b

W

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

7\


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwic16Kr2YDTAhWKtRQKHeeQAVgQFggeMAE&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fchemical-engineering-journal&usg=AFQjCNE4dfFVJn2erNlSllY6Yw8OAV3X5Q&bvm=bv.151325232,d.d24
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwic16Kr2YDTAhWKtRQKHeeQAVgQFggeMAE&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fchemical-engineering-journal&usg=AFQjCNE4dfFVJn2erNlSllY6Yw8OAV3X5Q&bvm=bv.151325232,d.d24

Environmental Sciences VVol.15 / No.4 / Winter 2018

45-64

Removal of inorganic contaminants from aqueous solutions using
fibrous clay-supported Zero-valent iron nano-particle composites

Somayeh Bakhtiari® and Sina Choghadi

Department of Civil Engineering, Sirjan University of Technology, Sirjan, Iran

Received: 2017.04.03 Accepted: 2017.11.17

Bakhtiari, S. and Choghadi, S., 2018. Removal of inorganic contaminants from aqueous solutions using
fibrous clay-supported zero-valent iron nanoparticles composites. Environmental Sciences. 15(4): 45-64.

Introduction: In recent years, zero-valent iron has drawn a great deal of attention in wastewater treatment and
ground water remediation. It can effectively remove priority water contaminants, but there are some
disadvantages in the use of nZVI1 particles, such as a high tendency to agglomerate, lack of stability, secondary
iron pollution, separation and recovery of the fine nZVI particles after utilization. Using supporting material
for nZVI is a promising way to solve these problems. Clay minerals as abundant natural resources are
appropriate candidates to act as supporting materials. In this study, the use of fibrous clays-supported nZVI
composite for the remediation of contaminated aqueous solutions will be discussed.

Materials and methods: Sepiolite and Palygorskite nano zero-valent iron composites were made using green
tea extract. In order to determine the sorption capacity of nZVI, sepiolite and palygorskite composites for
phosphorous, cadmium and nickel based on isotherm models, different concentrations of these ions were
equilibrated with the composites in 1% suspensions for 24 hours. After adsorption, the supernatant liquids were
filtered and the residual pollutant concentrations were determined.

Results and discussion: Results showed that Langmuir and Freundlich were the best models for describing p
sorption on both composites. The estimated maximum adsorption capacity of the Sep-nZV1 and Pal-nZVI1 using
the Langmuir model (gmax) was 11.38 mg P/g and 8.57 mg P/g . The cadmium adsorption data for both
sorbents was best fitted to the Langmuir, Fruendlich and Dubinin—Radushkevich models. Results clearly
demonstrated the much higher Cd sorption potential of sepiolite compared with palygorskite. The sorption
capacities (gmax) of Sepiolite-nZV1 and palygorskite nZVI composites for Ni were 11.14 and 32.3 mgr/gr,
respectively. The Ni sorption affinity (KL) of palygorskite nZVI was also greater than that of Sepiolite-nZV1.
The favourability of a sorption system can be predicted by the constant separation factor RL. In the current
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study, RL values for palygorskite nZVI and Sepiolite-nZV1 were greater than zero and less than unity,
indicating favourable sorption of P, Cd and Ni onto the two composites.

Conclusion: Fibrous clays and nano zero-valent iron can be used as efficient sorbents for phosphorus removal
from urban wastewater and the removal of cadmium and nickel from industrial wastewater due to their
environmentally friendly nature and high performance in pollutant removal.

Keywords: Palygorskite, Sepiolite, Phosphorous, Cadmium, Nickel.
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