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The performance evaluation of TiO2 nanoparticles in the removal of chromium
from aqueous solutions: adsorbent characteristics and isotherm study
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Abstract

Background and Aims: Chromium (Cr), as a metallic pollutant, enters to the body through drinking water. Due to
the toxic and dangerous characteristic of hexavalent chromium, its removal is necessary. In this research, titanium

dioxide nanoparticles were used as an adsorbents to remove Cr from water.

Materials and Methods: The characteristic of TiO2 nanoparticles were determined using XRD and FTIR analyses.
Batch adsorption experiments were performed using synthetic aqueous solutions containing chromium. The optimal
conditions of adsorption were investigated at various pHs, initial concentration of metal ion, contact time and the
adsorbent dosage on Cr adsorption capacity. Also, the study was carried out ethically and there was no bias and

confinement on the part of the researcher during the research process.

Results: The results showed that the removal percentage at pH=3 (88.50%) was significantly more than the other
studied pHs. The lowest removal percentage was observed at pH = 9 (38.03%). at the highest Cr adsorption was
noticed in concentration of 0.5 g/L (61.52%), which was statistically significant as compared to other concentrations
Accordingly, the lowest adsorption was observed at 5 g / L concentration (6.75%). Adsorption performance was
not significantly different at different times, and the amount of adsorption was almost constant after 30 minutes. Cr
adsorption by TiO2 nanoparticles increased with increase in adsorbent dose and the maximum amount of adsorption
occurred at 4 g/L (68.31%) which again was significantly higher than other studied dosages. The lowest removal
percentage was observed at 1 g/L (18.57%). The sorption isotherm studies showed that adsorption of chromium by

titanium dioxide was fitted well to Freundlich isotherm model (R2 = 0.78).

Conclusion: Titanium dioxide demonstrate high efficiency in adsorbing chromium from wastewater and thus can

be a promising sorbent for the treatment of industrial wastewaters.

Keywords: Titanium dioxide, Chromium, Langmuir and freundlich adsorption isotherms.

Cite this article as: Ghasemian P,Abolhasani H A.The performance evaluation of TiO2 nanoparticles in the removal of
chromium from aqueous solutions: adsorbent characteristics and isotherm study.Journal of Health in the field. 2018; 6(2):1-10

*Corresponding Author: Department of Environment, Waste and wastewater Research Center, Isfahan Branch, Isfahan,
Isfahan, Isfahan, Iran

Email: hadi.mha2001@yahoo.com

DOI: https://doi.org/10.22037/jhf.v6i2.21695

Received: 7. Jun. 2018
Accepted: 29. Sep. 2018

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl


https://orcid.org/0000-0003-4360-4499
https://orcid.org/0000-0003-0780-7256

do e 4o Cblagy delilad By allio

Clilags 0aSlisls - iy aaed (S pale olKiils
Vo b)Y Olas AYAY Ol ‘Yo)Lo...i'.v 90)50

Slasia gl sbd s 5l 058 Sl e 4 sl AenST (53 05 S LS ()
Sl pinl 5 o3

®

=Y, > ”"# ‘5;‘,& Joes G‘L’)L:,'“"“G RIA

Ol Olgioal (Ol ) Slginl ol ¢ oDl 55T ol (3 Jaes ) i 18-
Ol Olgionl (O 52 0lgaonl dls ¢ el 5131 o &Sls clas 5 Doy Sliioss 58 o (o3 Jaes 05,5 Olsleal-Y

ol

polidamSTles 0,8 6l 5l iyl oal 1o sl (659,0 yel ()] By 35 00 3)ls (Faalis] T By b 5l g8 sBlanl g dione
A oolaiwl LI laie a

Sy &y iz Sligles] e FTIR o XRD (6l jullT 51 ool b pasilis oSl &l o5 ooy lazl 4o b sbgy g lge
e 5 ot Glej g3 o adsl lale PH Gilie (slo s 5 28,5 elnil g5 (g5l alRialos] slaslons 5l oolial b atusl
S PErai g J5o asfomn g ad Soley DU (njlse (gl Jole 4l )0 mizmes ab (o) AliSie olaw 50 i lie » SO

LK D jge Sy el Sl e o Bie il

33 6l cme BB T o ps o yieS 5 FAMD Yog s pH S0 51 jiis (68 e S LY 1l PH o Gis ww o ilassly
Ao, oy S g (7-?\/&\‘)05.1 bodale plo sl i g)ls g OUSIL 0 06 5 /0 clale o Qi vy .(Z\“A/~\")o9.3 4 ,.,pH
QLS K00 b (5,1 sime B Gilisee slagyley 45 @i LIS LFIOY)ag i e 6,5 O Cdale )5 (s e M L i
Golosine ML 1 )0 05 F 50 psiligansles Qilr Jlade b aelys Coli Ojgo 4 aiBs Yo oloj 5l an Gda Gl
Gl LANOF s oaalive i 1o a8 ) ,0 Jlo dme (ST Gils Gds do s o yieS g AFAN ) )agr Ll polie Koo 5l iny

=1 V) csls cisllas gdaigyd Jow b wda a5 sls lis Gds slap 5g3!

3,50 sxio ool oYL (gl wilgs co g 9 ls OIS 5l e S 58 Ld o YL SLI paslisanSTgs Ll (g g Az
258 18 eolarul
gl g 5 9oy Qi Slap gl e S palid anSlss iaojly uals

Joloe 5l g S B> jslaie 4y peslis ST 5 0,8 96U LTS (o csole domme wndllgl cingny Hlonld i 4 gl yl b9,
V=) Slrao\ FAY Ll oF ool & 0,50 cdose 45 Cadligy dlme cods pyignl 5 odl> Slasie s ol sl

g Jrma 09,5 (Kl j93) Lol alg oDl o131 olKzils ¢ lpal 1] gl 0 gk
Email: hadi.mha2001@yahoo.com

VAV Yicdl s o b

VWAYIVIV: oy gl

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl


https://orcid.org/0000-0003-4360-4499
https://orcid.org/0000-0003-0780-7256

035 Bl 3 p5slis S| (g3 5 055 U P

L5k el 0gzg Judo 4y g ails YL 003l 0ng Caand )
Slge pulsi daume (slaoa VT Bl cga saio (559055 40 ]
ahas (oMol S Olls elgl iz BB e 5 com JT
ool Iso dhuas o ywg g 5 o5 S o 58 ¢ Joalis] sl
Cedsb e 5ol Gledg iUl 0, o B UV 55 b cos
@it Sl Glds Al gy o0 45Kl Sl 4y 5 Wigd e )
oo ¥T sll el 0silgs oo g 23 )10 595 5 VU bl el )
SaSLal el sl oolaiwl L wilgs oo (VD) pg,5 [8] wis 5
@ o (6505 Hlonn oo o5 (S8, aw 09,5 @ 595U
Loy a5 Gladlae o Vo] 00,5 Lol ojls b, il pg,S
Lyl 50 (TI0)) pesles sl s gl 5l eolazwl b
plxl @iz Ol » Jsloe Gl slacdale § Q3 02 ules
bulid 50 Qda Glie (nyiden 45 Widew; 4zl ol 4 d S
A odwline o Kile 4z 0 YO glos g wd 0,85 Lo Ve 318
leo o L3l sle 3 lesleiwl b as ols las eazil ax S
AR 3 G Olei e a3 VO ley Do g o, Kl ax 0 YO
o DN ols s 908 095l b 1) (o2 Gl 02
b el Slog S (63 @i (o p Baa b pol> Gdiod pslaie
o35 F 585 55 5y ol Jlome 5l pselics aseSTiss S oolird
I e 4y aly iz g eled (jloy 4y asly Gl Gl
Gk 9 232 lap 5ol 5ln (omy 2 4 Zuled p3 5 <85 ploxl]

095 9 Olgo
S Sl SH VD) g8 oS 1 B Baa b 2agy 0l
iz Jolis ilesl 09,8 F (28,5 Sl o b ol oad gl
4 aluly ol 8 ads) cdale @ atly o> pH 4 anls
Spls (b hagh (il jlade a4 atly i g led oo
Joe IT s Laminar flow sga i >l e ples jo 0 plosil 55
ol ol eolatwl anls eogi sl NANO RAAD vo-
PEOORP PRV | N6 LN CUUL URYPIRI RS JP NS RGO IRV
6 Dl w4 (2gin lp Geen nl 0 &5 Sl pog
ol osliinl L3> () Qi Gleily (il Bl Cur palid apS]

@l 95 ol slodly ialsl gl ppelid apnST 65 e

ao e 5 Cudldg asllas /Y

doddo
oS 316 aile _ato Lite b laoais¥T 5,5 5| sloans 4o
5 ool azily gl ol ke 4 obo lalass 5l 4
w2l sl Gl lp o> jhs SO g ol ol
St Sy a4y (e S8 Gl 05 lies iloe Lo
055 (YL ek gleanl)d alws oS col g polie I i
2 e ol Sl laladle BB oo g5050 cnl cnlnle
WS K bl V] el atsls Jlis @ can e
g 4y e 5 atis (Sl 4328 Jyed JT slooasyYl
e a1 2ol g (oo Sl g o) Dlagzge o 3
Mo o5 0,0 ol om0 i Ol e 0> )
WSS s e @l oluyl (S ol (i
bsgi S S5 51 g5 ¢S D318 oy o [Y] el b s
w8 S 18 Coglgl 5o oaite SYLI ey Lae cbli> ol
Lo ;o (Gdb g Sk an Dpgo g0 4 pg)S Sl
5 S (D) 5,8 4 S (VI 5,5 5 0508 3525 (2l Cen
A S s lame o o jsam g 00l iy aliolb
Sz o laibisl 5o g el sl cdls g (3l (S5 sl 50
& Sain) g e sl @l Gy g8 jlre 1Sl
N Bk Al RS S BN R R R PR AR
I p @l lalme 1o gy <> 51 (VD 9,8 058
axgi d SB g e g b sl o ey [F] o
Gilwoslel 5 5llie oz G mlio glacley a4l
Ol g dghee )y SIS S 5 Y58 wdy mlis (55,5, paS
YO b Ve glacdile o (VI) og,S 5 AI1) pg,S (5l dacsly
Slde laailSls Clay cplio o jo aidbioe Sl p e S e
53 odes ok (VD) pg)5 aiiws (VD) 95 sl> S s3b;5
0] 0)ls a52g Slog S (60 5 Dlag S (32 Dypm 2 Sl
i (giiad 5 Slassl o le 0y S akal Jslate slats,
S5 mSI el gamlannST o Sgo Jobs o olid slavsy]
5 Ol Gl 4 Qi gy 0 el sla g, G po a5
odl> Lol bl .cwl aai ly oy o ad o 4 9,00
loog,S 4 o cenl (38 glagysy Bi gl Ll ol ool
ALsdS ams iz Job o [ o)l S T sl jo 59 Shes
5P & yarie oot 9 (Susd ely 4 azg b gl 5 )sld
by Jl 5o e g s (e oladl e G plein
$U Ve 5l eS o3Il 50 dlge saws (6, Kws (559 5ST gl Ll
9y el 28 lsie 4y ponilis anSlss s ol V] o
il «Bi yr opdle g 00gr ge Cunj barme (slooaty VT 51 (55l

S 5 ol DS oo bas G ) dzo b L85l Y game 4 |,

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



V/)KM 9 W:Jb.:\ LgJLA Lazeo

GI py axly joead Ld 58 lade =Q,
S adsl clale =Ci

tole o 5 gl cdale =C,

23 py> =M

18] Jskro g =V

b 032 slae g )

A e/ Solite Saclale o o i lap Sgnl e S0
@Bogelwgn 5 &b A pg)S Sl pp)S (e BT /O
29 VRl PH s (ol 2 (Lo 00 9 3l 05410 (551>
asle Jole Jolome 5 005 oolainl 1,6 aw b celu ¥ ol
3 onile 8L cdale g ol cols e Slo 5 31 L3 ol
6o loges o NI w05 il F 3 Gis oKy Lawgs
5 ey Gl glacdile 3 (e Sl slee el il
Syge Wmosls (Bl Cuzr gdaig 5 eSS sladue 25l
18] 2,5 1,5 asliul

(Maolas el 23 13 T alolae )90 4 2503 Joo 0555
a0 oo Al 500XV alolas oz 53

“Ixjm=xp+ 1y 3

q, Oled .03l oy axlg 10 sdigd i g, XM
w3 655 4 bgpe <l sae K
OY G005 Ll Wlg oo a5 Glodisgd Ldx lade iSTasb

(Jol5" 55
odigud > ‘SIQL'J cdbale :C

2555Y iz slespn ohny Sleogasr 5 wix bl conle
L lolaz 551 pl 4y axly g <ol oSS @ g |,
A e (LSen g o g VAFF Jluys a5 Jobs el

V0] sges o s

R = 1/(1+bC0) f)

L

(mg/L) J}L’}La B ode.u ud.’> 4...‘9‘ cdale =C

‘u......f).u J.u@ ).,.c UAD- oD QL‘“" ‘03....; ).Q.o ﬁ‘ﬁRL )‘J.a.a ;‘
V<R, 5 b wix Sl Ri=) oslhs Gia KLy -<Ri<)

VWAV Olisls Yo,lad . Sosgn

(eimdBS 5393 il )8 1o sl (207 5 il L iy Qi
0,8 oo 58 UV g b o a5l ool a5 K
S Sl s g g g S e 1] sleis S
35,10,5% 5 2V bl CebB ) @Sl sleds xS s 00
O2gh Jolee ads o ais 3 oan ¥l bl cels ailys oo g
Gime il (Bral g JBo Agkoms g 0b Cule, (WS (Gl

L85 Dy Sragy pll Jole )

P gl S 160 0,3 93l Slao guas (et 9 S lo3T 2590 3L
Vooong mhe el Teoolail o paslis wpnSlgs @S
$U OLlliy &850 5lae,0 A% (ogls 4z 5 05 )3 @yt
Gl Gl Sy oS A spde 1l 5o @ly (Ll dlse
(XRD) 5ol il ol 51 ooliciol b gl aenSTgs l)d 5l
DY oo s $eo-Fe oo nM 240 Job 0gae ;0 FTIR 4
Sl il s oS 3 Ely3gil S S sl peans (6l
s gl 30,5 eolizel PHILIPS PW)A- - Jaw (XRD)
Jos (e b ol Sl panilis wnSTss 0,5 9l jle

2% oolazw! Burker Tensor YV FT-IR « 48

955 Golo (P Lo3T slo Jolo angs
3 eps,S Sglite slocdale L _aliole;] sla ke angs sl
20,5 oolatl Sleg )5 (69 pumliy Sod

wd a8 i byl S0

gV b ) pH (ozmen (il lopiie (g3 () o
Sley slaoil) wled ey (i yo 28 F 9 ¥V ) Q3> s
Ccdile ) py S Galises glacdalé 5 (aids VY- 530 Fo X
CEF 5 s Sy30 (i g p S skes 5 ¥ VB e

G VAL IpmM g0y Celu g0 Do 4 dadiged Jol e olad o
03ls ygue ¢ Slo A5 51 s ol bglies (yjen olKiws dlwsg
cdx oS hawgl Jeloea o 04,5 318 onile SU clale Lasul
LSS aw b I8 pl s 8 <dl 8 Perkin Elmer Y- Y Jow o5
i slapg ignl g pg)S Bl s s Culgs o [NY] 2d 5 ol
dwles (V) 5 (V) @¥oleo loslainl b cod i 4y Jol e plad (6l

-
Co—C "
—La
%R = == X100, jos s pg8 adyl clile C 4 C,
[8]assl e inlosl
__(Ci—ce) ‘ "
Qt ==XV ©

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



035 Bl 3 p5slis S| (g3 5 055 U P

|, pomlins amnSlss 0,3 il FTIR i i gl ¥ IS
@ by od> Sy iz dedises FTIR (ol )0 000 oo oylis
Sgdzme 40 peslis dnSled sladigas ;o i ol OH oy 8
S 4 bgrpe a5 ol samlie gy Sy G Ve e-YA-. cm!
gl b olsie 4 Ol 5l (56 (OH) JuS's 00 oS
sdalice V£ = VPY e cm! sogame H0 500 o 0gr jgwaiS
Lol 5o T O-H (i3 2 e 4 bgiye 525 Soy ol &5 0
2 232 Sy o)l 32y bze glsn 0 CO slaJsSge a5
A odslie 4ges FTIR s jo YY#+-YYA: cm™ osgame
oebais O-Ti il piS 4 F0+ -Ac - om™ oogame 0 Sy
los Ll L 4 s sanlice dnaiges FTIR i s .cotls
Lgye FO-Ae cm! oogasme ;0 Gdx God GgeasS Lo
ol oad )5 b ad i el apnSligs ol gl gz 4
bl bazme 0 ()T Slaool) 5 o5enST 51 (6 i 455 9 Slaws
AL gl bexe )5 0oz SheST gladign bud cel g o
D9 Ll 51 b YYP em” o FTIR ald a5 o5 5

<
BROKER \ Y L
[ G I ] |
@ | 4 \ {
E \ 1 I 1046.9074 |
\ ] | | t1maszs |
El \/ 2847.2915 | aosaa
| 632.8996 | |
- '; - 2924 3958 |
El
3w | 3178629
23
£ |
2o
< o 7
- |
2
|
BN \ |
\545,729&
ER \\_u/
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

pawiliod dumSTgs 053 b FTIR ozvow b —Y JSCi

5o il slo sl )b (pasu Bl ol @l ¥ 5 Y Y O Jgax
AR (0 ‘.)L""’ ‘) ﬁ?—*-’L*-“ Sl 417:-‘»5 O f’ﬁ)s RS

o, 5y Cudlig aeldas /Y

U5 a5 il e ooy oorsda dobie Sy gdis, dolas
)l &yl 1 IS

Log q.- Logk+1m Log C, )

ouilS Ll py> axlg o saigd wds oole e 4, Q] Y
2 S5s5e) ol o s i Sl C (oS 5 053500

wools Juloxd g 4 52
SAS Excel 2016 sla |33l o5 lawg odel Cavds sloosls
Sllased ey sln 285 18 el s s 900 94
B wde n ol ol s clile (D3l e oo pH LG
ar 3 Bxcel 2016 slo 58 oy 51 (S5l Jybna 5 o5
10 B0k SIS Sl ik B e Lol slaesls bl
Cleopd 5 Ll S (o 2D oolaiwl SAS9.4 l53ls 5
Sl ol 5l pg)S oS B S Qi slacdx
L3S IR e g glNgR 9 eV ladoe Lawg

Sloolainl b iolejl 050 il Sare sla Ty cpnd V JSS
W lnL?o‘ L}“S”‘ Al U“")" Ko

/s
1000
900 |
800 |
700 |
600 |
500

400 |
300 |
200
100 | \
ot : : " - :
34 44 54

P55 0,55 Sl g7 1 31 Jolo logad - JS

S

20

Glideo SLPH ;0 09,5 L o0 (il duglio - Jguor

a N

N Y pH

YAL-YY £ F/VE5© OFIAVY £ \FIVYAe

A+IAQY £ Y/paqbe

AN £ <)Y+ V?

NERCIRWIIR

99.?5 w‘ )JJLM u.u )‘QGLLA g.B)L.D‘ 05.?3 ‘n..\.c oD ul.m; p."b
50955 Culi Logy) ;9uS8 jo j0 alisee polie (o cine OS]
Gl (6)le] ylid S By, 0,00 b Kilee [0 4 (Kt Dl

s Sl (6l oaums lis g

o=+/+0 @aw)o)losmd)lblomoomdgc‘b A Bg,>
Slaws Uy, opl il odel Casd 4 SSls (yge;] 45 siws
5 Cowl o ciae BB sasms lis 58568 Jlaae U 25,5 Jlade

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



0/)&@ 9 W:Jb.:\ L;JLA Lazeo

VWAV Olisls Yo,lad . Sosgn

P a3 O3l ilisio Gb;lade jo pg S i o yd (piilee s lile -Y Jgur

¥ v \ (p,5) SO ,lade
FAITY - £+ 1/2190 DYV/BYY £ \/YVa b TYLYE £ /A VAIOFA £ ¥/1aAd IRV
ABD o 3 Blio (Bl 30 pg, LA dwo 30 (uSSle duw lo -Y Jguor
\Ye . Y. (ai80) oo
YEIV-F £ F/ErYe YEIY £ VYV YEIV-F + ¥/ 540 YSIAES £ VAY? s oy

d 30 0,5 oo s il GBS 15 pg S a0 )d (il Al —F Jguer

[\ Y /b

\ N oq.’..;‘\ﬂ cdale

SIOV £ -V V€D

YVOY £ VY/AAY® FAB8 £ Y /VAY® YV Y £ VY OY- sVaY £vaee?

i Wy

Y.0
y=0.1926x +1.3924
‘. R2=10.7587
&
Uo V.0
=11
=]
—
Ve
g
V.. A Y. e
log C,
Olyd gl alawg 4 pg S G gdwigyd i bee Fgnl -F S
Pl s 6o

GO slp glwigd 9 peeY Qi pignl glacul -0 Joua
poilisd dauSlgs 343

Jow oyl Slade
YE/SA k(Lig) g b
“NAve 1Im Log q,=Logk+\m Log
< IVOAY R’ C.
- I£EA K, L/img)
o[- VY b (ugg) Ry
-/yayy R? c/x/m= \/kb+ c/b
et R,

iz s S o5 3 sl SYLRY LS o laiy b Joo
RIS e & gahais b Jan | sl aeSligs dlams & o35

L PHAY s psilid aSliss wdo olime ) s 5k
Lol Jlade oo yieS g 09 lpH [0 5l jiin (g lo sme B
Jouz p Gehie fuzmes b o0y pH=R o (g )lo cime OS]
S L il o 05 F o pesiled wSTss @izl V)
e (0S5 39 @3 cnl slajlade Koo 5l iy 6l e
() Jgo 0 o oaus yid 10 0,5 ) [0 (gyls gime DI L ]
S| alise slagle) 5 posild weuSles ©i> (e
Lo, Cdo ol adds Ve ey 5l aw g s oayd (5,0 e
Ol 098 o0 0ualine (F) Jouo j3 457 jshailes 09 Cull & y900
Sl gme BSIL i) S F 50 poslis wSles i
Sl sime B L o] Jlake o 1S g o lacale S 5 pies
S92 o sl Jae (olp jekaie dy ol onge ) 08 SN o
2 e ignl ol a5 08 o Lol aiSS ol & b ol lap !
leo yo ly sls slas (g5, p odigd Jo olge b i Lol
il sekie (pa anlei oo oy (005 slaaly elul 5 2o
u¢l> 6‘;: G«JJ.@JB 9 ﬁs,oi)y LS’» 6LQJM la o] Sy GsL».s
Ol el el il ol sols Lid (F) o (V) IS )0 il anSTgo

Al BLE) Jgaz 4o 5 by o

VE v =0.0533x - 0.0797 *
R?=0.2933
'Y
0.
a
:;f A
o
v
A\l * *
. *
Qv -0
Ce(mg/L)

Ay 43 puliy Slog S (60 Wi 19aS0Y (e e Fom! T Sl
pawliod duwsT g0

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



035 Bl 3 p5slis S| (g3 5 055 U P

IYY] 05 790 e 4 el ¥ by 50 wda oliee o i
aly las 55 (Ve v A) o)) g gels awgs 418 )5 & g0 ladlas
il B8l Gl 51 CrdV) Gla e iz aoys Hley culdS L as
Cudshjgacige — ool SI(YN0) ol Sen g oy VY] il
g aido VY. e Ve lagley jo X allls B> e
s al cwyp PH G glassls jo aigas 3l alire slacdale
SO AT g wled yloy yo aS ols lis

IVf] s 5 & )90

Bi> Qo o) e

O3l p,S 58 Bde w0 (3l Hlade IRIL agy 5o
@5 )0 S 5l il jlade IRl L a5 g9k 4ol i
o8l ae o FAITY 4 YAIOFA 5l i oy i) o a5 F
Slls Lis (6l wyiws 5o sl LIl el opl clle weasls
oezed [YPYO] C3 5 &g L3> Jade aaliEl b aS oy
Gl L oS psb el ey 09,8 58 sl el @S
TANNY 5 G plesily oid 30 o8 Yo @ /) 5l Ol i
ooled mhaw codla lade aaliEl b1y el Gasli8l A8V A 4
OBl i €07 slaog 5 5 by (l3l 5 L3l 23
ol 5 Qi (i 4 jo g cBlb ) 3l mhaw (s
Cix g,y 095 addllas Lo V¥AT) oS 4 5,31 [YV] il
b osd (pupblite Jlb )5 bawgs ] glabae 51 (VD) 9,8
By tplin 4l a5 o plsl (CMFeO) jawo ool &3 56
iz @b s 0 e S Y a4 N Sl e SRIBIL oS
addllas jo IYAD db aol53l asys AV/OF a4 YVEe 5l pg,S
Bd> 59) 2 (WVA0) GhlKew 5 08 (cns v &5 (5,503
P aSTlgs ol ol 5l eolaiwl b Gﬂ sl Jod=e 3l o
N0 I3 e SRl L oS 0l Jols azis plald jan
Ival cél ol Gds aoys i j0 0,8 /0 @ o) o 65
b G pg)S i sledes lagsl g St adllas o
e LS e 0 Sy S alyd b hwy o slalas )
S e e Ve adgl el b pg S Qi 6l D3 A
olySen g cisulas aalllae ,o LY ] sl vy 2 pp 50 ol
et Slay 5l (8l id pg)S Bl (o) Baa L (VW)
sl ol gt cuiife Ol,3 6l lawgs 6,101 mlio § o (5l

INT cdl Gl G leasly coiSe ol,3 b ial3l b as
@ oy lp Sl cble (8L polie tagh cnl o
O Y 0 adgl cbalé my 4o (VD) pg,S B Jlaie o5V
adgl ale Slpss omyp bl oy ) 008 e OF
56 Ol iz Oliee poyS Cle (Il L oSl jasie oy S
OO Sgaome 9 D3l 50 (liee (09 Sl 4 azgi bl palS

Shlie can VT Gis s ys 1als wozge Lo slacle slaw

o, 5y Cuilig aeldad /f

S 6olere a5 55 K 1o 05 Consd «(IVOAY l50) SYLR?
Joe Im oo 09 0,5 5 s dYEIPA Bl cail o 0is o508
OeetS VAYE 09,5 (gl il Qi Cal [l a5 mdaig)d

IRV

@S sy » 485 Oyp0 bl 5 4z s Slalel Bk
Y ol PH jo poulis aSlgs jl eolatwl b g, i
Oliee @) oyiien LPH plo @ Cond (550 (pxe ST L
HCrO, Cr,0," Jolis (VI) pg,S cilisee slaaisS .09 (LAA/D
(5&“‘“" LngpH ) (VI) fs; Q_JLC Lgl.(bdo; acrfo\rn 9 CrrO““
GY oga> slapH ,o a5 HCrO, 4555 o9 4 0l o jles &
23 5l ahauly 4 g 99 (8L A pg)S g5 (n SNl T
w5 O3l gl 5 1, 4 035 Sl 655 ol i Sl oS
B Gy 5l aS cul oo sl 5 S pH VY] 00,5 o
Ui anld 0 Wil daw b g can VT eole JlSle
Oleee 1 PH il 38 b G ausyo rals cde VAL 0,135
Olis b sy endls o o 0digd wda Sewl HLSle 4 lad e
G lodl maw o e b (SO aSIE L YLPH o as sl
e gl b olows PH il b ol ) s .58 o S &0
Lalpds cnl 5 onigd e (gl Comlo 4y azgi b 5 2l ial33l
Sleadly 5 il Lals san¥T 5 Gdle ol Seibils 2SIl adls
adllas o (Y19) o, Kan o Klg [Y- 0] ol ol Gis
Cojgels ol D3> g Cadehyee Cige il Slaodlr s9>
50 a5 wis,S 538 g eolatll |, 8 )b il pg S B> (6l

DN 05 jlaie o s 9,5 Bdo (gl H 028
Jol i Te flen )3 5 99 @ pw powilid anuSlss &3 4l
6ok U @iz Gl RPN 58 i les Glej 5 Sl Gl
Sl Joloeo b @3l wles oy Gl BIL oS 655k 4ot
aids Vo ploj 5l am Bl plondl) (d5b b 098 sl
15 o ol Slalllas 55y cul Sl 4y Ly )5 5 s iyl
Bam e laml jo eled Gley (l8l b as sls las Luwl,y oyl
rhw o JB g0l Jld sla 56 aST > ccdls gosro
Sial3dl Wy e ead 4y 5 b JUdl oloy cudS L oodls
Gl cle 4 pled slaglej )3 9 5t adgl slagle) po i
b pll al ST SLd gl b sad peblie Jlb o8

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



V/)KM 9 W:Jb.:\ LgJLA Lazeo

L iigsd Jae o sl s gulis 28,5 &5 casits Salisls
3 Gre ol IYAYY Gllas el g < /AVYY S oyl
(YY) o) e 5 SLL VAL cusls Gl allilesT slassls
L 2l Gladsle 5l pg,s Bio o (i ladas (33ln Gl
Sl g Jawd 90 o b ool 2ol cociSe olyd 4L 5 onlal
Ddges Sl ) zdaigyd Jow (/AN Slade ) SYLR? Lo &
OIS et 3l (o 23l S Sl )0 S92 g0 DS S e

I¥a] 0,5 )18 ax g5 0,50 (iaml 45 090 Lax Al )8 o

& S i
U st (Sd)b (S 09,8 Sl Slaglesl (maghy ol 5o
wlias C8 )5 O g0 alllas sl i o pgulig oSt 60 0,d
PH 5l (oot & s ol p0 00,5 oo ail)f 25 050 4 T IS
pomlid aeST (60 0,3 gl lawgi iz (A VD ) mhaw F o
Oliee PH (2alS L oS 0005 oalive 9 2355 13 (o) 990
b ade 4 ol GLpH o Cim cdly (il 5 6l ol
P Cmags )3 g Y «Slinly Sl i (59508 5 L3l (e
(B30 \Ve e Fe ) mha Sz )0 e (e Sl oy 20
Gt a5 3l las @l g ad wiBley pg)S i Jlade »
Olie obes loy Rl L g ol slash adBo Yo (e 5o e
Ol @3l )5 jlade Sl el (g ;0 ile Zuli Loy i
@S 9 S5 I3 (owyp )90 B b D g5 lp i
S b oo Rl iz (e D3 Gliee RlEI L aS ol L
gl 5 (Jols slacals (95 oyiws 53 5 ood i ol Jo
2 SiSlo Jslone gl cale 3B 8 Gaajlez 53 il o3
@S 5 S35 13 min oyee (L B 09 L (e
2 S b pgyS lapm adsl cdale faliElas ol las
@ el onl &5 35800 D3 (i A o (Lo Jelre
Dl bawgi ()b il 095 g i e o ytes Sle
el o glesl 9 D3 whaw )3 9250 Sl slacole Jlil 4
ST (g0 3 9l basgi 09,8 518 i BT Al oy il o0
aS ol asiie Colgs ol callas gdaig s Jae b pgolis
Sl SlpgsS @iz )0 Vb 2l pailis aSles &l 5l
S8 eolaiul 8,50 miio Sl OB anar (o wilgs oo g aiils

S5

‘53‘»))»33 5 : & oo
0uSip g Cawlyy 5l ails co p3Y 093 Allie oty gi Al

5 (5l55) el 4Ty oodbal 5T olSils iy 5 oy
S Sz 4 (Sl o waige @3 )15 j 0aSliig sy Wl IS

VWAV Olisls Yo,lad . Sosgn

Sipgi 50 [YY] 09 vales ilaie 69,9 can¥T clale i8I L
Gl U 25 Lawgi 09,5 Ba 50 (V1)) )lSen 5 (S99e
e opdie ) oS 0b Bio oLlS aalS o can¥T il
o gledl 5 ilr gl 50 d5zge Jub slacals JLal ) o
Gan L (1 FAT) o), Ken 5 sblSS aalllas 4o 0is,S il o]
x ol 4 pgedlS slagg (s i wnTd (b)) o)
b Setiw OB 5l paresls gl clale o8l L oS aiow,
28l phelS iz ol ead it peblise el o3 5l
Bl g owyp B b (\YAF) oS g ol gllose [TY]
a8 ols Glis gl o B gloyd $U hawg S8k ik pg)S
Sozrge Jud slaculs fals Jds 4 pg)S adsl cdale (2ol L
2923 Olie wiad oo plnl | Qi Joe a5 O3 a0
ool )Ll a8 glanllas b . [¥Fledl zals Bi> sw o axs
Bl 0] ST 3 5l LUl g5y 2 TA) oSe
plosl oo Sl 5l (sl g0 S g b 295 (2bsk 5 (6,
5 po,S Sl adsl clale alial L aS wisee; 4l (nl 4 sl
i gl oy Sl |y ol e g 28l rals Gdz e SIS

LYol wsges (il @3 &l
(Pl Cdzr e )b anin 4 oloes GGl )y Helate
oo gdaig g pgeSY Qo lapgnl bsasl consay b
Joe 3l pelins aSTlgs 0,3 ol sl eolawl b pg,S Cda .50l
2,5 Cans (HIVOAY liae) 5YL R? cpils cde 4y mdasg s
0,8 gl D3l iz sbos)lzpe LS g a5 el I
Al ge wda 0,08 5l (g lae a5 K| o o b pailis anSTss
i B e S 1N gy 09 pS i YEEA Ll
loopd Jow (55l S s < NAYE O3 cpl Gl w0
S @i s gledl oniaslis 1 pg S L sl iy
Oleee ) Kool Jow cpl 5o 09 00 00 )56 hale sog0s
L oS (g s canils @iz cod)b b bl )l )o (o5 el o
osigd iz oole iz gl wdlr i cad b ol ol a3l
Cudyb pilid anSTige il 5ol Gl .l (all
als plsre a3 el ol plas ) s S sl (YL @i
8l 95l p Wolas slizdl 5l jkre 5 0md S Gl @i Gud
3l Sy gly Yaaxs [¥5] 0g il mhaws Sanl e
gl (S5eal 0gd FSG05 Hho 4N az e ol °<i<\ o>
D3 (698 Lo gy LSCA5 5y i 9 S8L Gl
Cowds 1M polie cplplo [YV] sas o oylis 1) odigds wds 4
b s BB (32 anl 3 G aalllas cnl 50 0,5 15 (61 ool
OYAY) e 5 oy, he5 dawgs a5 gladdllas jo ol olis
o $U by (S8,b (VD) 05,8 @i pseesls 256 55, 2

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



p3,S Bl 53 pales LS| (53 5 005 HU AT 4o e d Sl asllas /A

o=l plesl gl Ul ol 13 Last o g 055, plol o
Sles 1) Sl g pa® JlaS (iogia

Reference

1. Khaiati S, Rezaei H. Study on the removal of heavy metals from water and wastewater by nanotechnology.
Proceedings of Third Conference and Exhibition of Environment and Future Crises (Limitation of Water and Water
Pollution, Urban and Industrial Pollution), 2016 May. 11-12; Tehran, Iran (In Persian).

2. Kelta B, Taddesse AM, Yadav O, Diaz I, Mayoral A. Nano-crystalline titanium (IV) tungstomolybdate cation
exchanger: Synthesis, characterization and ion exchange properties. Journal of Environmental Chemical Engineering
2017; 5(1):1004-14.

3. Baig U, Rao RAK, Khan AA, Sanagi MM, Gondal MA. Removal of carcinogenic hexavalent chromium from
aqueous solutions using newly synthesized and characterized polypyrrole—titanium (IV) phosphate nanocomposite.

Chemical Engineering Journal 2015; 280:494-504.

4. Kalantari K, Ahmad MB, Masoumi HRF, Shameli K, Basri M, Khandanlou R. Rapid and high capacity adsorption
of heavy metals by Fe,O,/montmorillonite nanocomposite using response surface methodology: Preparation,
characterization, optimization, equilibrium isotherms, and adsorption kinetics study. Journal of the Taiwan institute
of Chemical Engineers 2015; 49:192-98.

5. Babaei AA, Baboli Z, Ahmadi M, Jaafarzadeh N, Goudarzi G, Mostufi A. Removal of Cr (VI) from aqueous
solutions by nano-sized magnetite modified with SDS. Iranian South Medical Journal 2015; 18(5):944-59 (In

Persian).

6. Kampalanonwat P, Supaphol P. The study of competitive adsorption of heavy metal ions from aqueous solution

by aminated polyacrylonitrile nanofiber mats. Energy Procedia 2014; 56:142-51.

7. Samanta H, Das R, Bhattachajee C. Influence of nanoparticles for wastewater treatment-A short review. Austin
Chemical Engineering 2016; 3(3):1036-42.

8. Nazari R, Taj Abadi Ebrahimi M. Titanium dioxide nanoparticles and its applications in environmental purification.

Proceedings of the 4th National Biotechnology Conference of Iran, 2005 Jun. 14-16; Kerman, Iran (In Persian).

9. Devi LG, Kavitha R. A review on non metal ion doped titania for the photocatalytic degradation of organic
pollutants under UV/solar light: Role of photogenerated charge carrier dynamics in enhancing the activity. Applied
Catalysis B: Environmental 2013; 140:559-87.

10. Dayan A, Paine A. Mechanisms of chromium toxicity, carcinogenicity and allergenicity: Review of the literature
from 1985 to 2000. Human & Experimental Toxicology 2001; 20(9):439-51.

11. Sadeghi P, Rezaie H, Hedaiati S.A. Removal of cadmium from aqueous solutions using titanium dioxide

nanoparticles (TiO2). Quarterly Journal of Environmental Science and Technology 2016; 2:1-5 (In Persian).

12. Kumar H, Rani R. Structural characterization of silver nanoparticles synthesized by micro emulsion route.

International Journal of Engineering and Innovative Technology 2013; 3:344-48.

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



Q/)KM)M‘}" LgJLAJ.w \Yav QL”\M.»L? .Ya)u.f'a)j:

13. Mobasherpour I, Salahi E, Pazouki M. Removal of nickel (II) from aqueous solutions by using nano-crystalline

calcium hydroxyapatite. Journal of Saudi Chemical Society 2011; 15(2):105-12.

14. Ghahremani D, Mobasherpour I, Salahi E, Ebrahimi M, Manafi S, Keramatpour L. Potential of nano crystalline
calcium hydroxyapatite for Tin (II) removal from aqueous solutions: Equilibria and kinetic processes. Arabian
Journal of Chemistry 2017; 10:S461-S71.

15. Hall KR, Eagleton LC, Acrivos A, Vermeulen T. Pore-and solid-diffusion kinetics in fixed-bed adsorption under
constant-pattern conditions. Industrial & Engineering Chemistry Fundamentals 1966; 5(2):212-23.

16. Bansal RC, Goyal M. Activated carbon adsorption. Boca Raton: CRC Press; 2005.

17. Pérez-Candela M, Martin-Martinez J, Torregrosa-Macia R. Chromium (VI) removal with activated carbons.
Water Research 1995; 29(9):2174-80.

18.0Ong S, Lee C, Zainal Z. Removal of basic and reactive dyes using ethylenediamine modified rice hull. Bioresource
Technology 2007; 98(15):2792-99.

19. Banat F, Al-Bashir B, Al-Asheh S, Hayajneh O. Adsorption of phenol by bentonite. Environmental Pollution
2000; 107(3):391-98.

20. Varghese S, Vinod V, Anirudhan T. Kinetic and equilibrium characterization of phenols adsorption onto a novel

activated carbon in water treatment. Indian Journal of Chemical Technology 2004; 11:825-33.

21. Wang G, Hua Y, Su X, Komarneni S, Ma S, Wang Y. Cr (VI) adsorption by montmorillonite nanocomposites.
Applied Clay Science 2016; 124:111-18.

22. Saleh Nia S, Barikbin B, Dori H. Investigation of the Efficiency of Activated Carbon Activated by Iron Oxide
Nanoparticles in the Removal of Copper (II) from Aqueous Solutions. Scientific Journal of Birjand University of
Medical Sciences. 2016; 23(1):44-55 (In Persian).

23.Guo H, Luo S, Chen L, Xiao X, Xi Q, Wei W, et al. Bioremediation of heavy metals by growing Hyperaccumulaor
endophytic bacterium Bacillus sp. L14. Bioresource Technology 2010; 101(22):8599-605.

24. Vinuth M, Naik HB, Manjanna J, Vinoda B. Environmental Remediation of Hexavalent Chromium in Aqueous

Medium Using Fe (IT)-Montmorillonite as Reductant. Procedia Earth and Planetary Science 2015; 11:275-83.

25. Melamed R, da Luz AB. Efficiency of industrial minerals on the removal of mercury species from liquid effluents.

Science of the Total Environment 2006; 368(1):403-406.

26. Yabe MJS, de Oliveira E. Heavy metals removal in industrial effluents by sequential adsorbent treatment.
Advances in Environmental Research 2003; 7(2):263-72.

27. Park D, Yun Y-S, Park JM. Studies on hexavalent chromium biosorption by chemically-treated biomass of
Ecklonia sp. Chemosphere 2005; 60(10):1356-64.

28. Azari A, Gholami M, Mokhtari M, Kakavand B, Ahmadi A, SattariTabriz M.A. Removal of six volumes of

chromium from aqueous medium using activated carbon with zero iron nanoparticles (CMFeO). Kinetic, isotherm

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl



p3,S Bl 53 pales LS| (53 5 005 HU AT 4o e d Sl asldlas /)

and thermodynamic study. Journal of Health and Development 2014; 3(1):14-26 (In Persian).

29. Hosseinifard M, Ghorbani H, aghazadeh m, Hosseinifard M. Synthesis of manganese dioxide nano-particles
(MnO,) and their copper removal efficiency from aqueous solutions. Journal of Water and Wastewater 2016;
27(3):2-11 (In Persian).

30. Divband L, Boroomannasab S, Hosseinizaree N, Shirazi P. Experimental study of removing (Zn*?) by nano
structure cedar fly ash (Zizyphus spinachristi) from industrial waste water. Irrigation Sciences and Engineering
2013; 36(1):23-31 (In Persian).

31. Khodabakhshi a, amin, Sedehi. Removal of Cr (VI) from simulated electroplating wastewater by magnetite

nanoparticles. Journal of Shahrekord Uuniversity of Medical Sciences 2011; 13(4):94-101 (In Persian).

32. Ren J, Bopape MF, Setshedi K, Kitinya JO, Onyango MS. Sorption of Pb (II) and Cu (II) by Low-Cost magnetic
eggshells-Fe O, powder. Chemical Industry and Chemical Engineering Quarterly 2012; 18(2):221-31.

33. Tchobanoglous G, Burton FL, Stensel HD, Metcalf, Eddy I, Burton F. Wastewater Engineering: Treatment and
Reuse. 4th ed. New York: McGraw-Hill Education; 2003.

34. Abdolshahi Nezhad S, Borghei SM, Sayedi M. Removal of hexavalent chromium by firite nono particles.
Nashrieh Shimi va Mohandesi Shimi Iran 2015; 34(1):29-37 (In Persian).

35. Akhbarizadeh R, Shayestehfar MR, Darezereshki E. Ability of maghemite nanoparticles (y-Fe,O,) to competitive
removal and recovery of Cr (IV) and Ni (II) from mine wastewater. Journal of Environmental Studies 2013; 38(4):1-

8 (In Persian).

36. Zaini MAA, Okayama R, Machida M. Adsorption of aqueous metal ions on cattle-manure-compost based
activated carbons. Journal of Hazardous Materials 2009; 170(2-3):1119-24.

37. Eren Z, Acar FN. Adsorption of Reactive Black 5 from an aqueous solution: Equilibrium and kinetic studies.
Desalination 2006; 194(1-3):1-10.

38. Khoshravesh M, Divband L, Motamedi F, Reihany G. The effects of cadmium on the adsorption of Cr (VI) by
nano clay (Cloisite®Na+). Journal of Water and Soil Conservation 2016; 23(3):241-56 (In Persian).

39.Rahmani A, Asgari G, Barjasteh Asgari F, Hedayati Kamran E, Alijani F. Investigation of phenol removal from
aqueous solutions using copper-impregnated pumice. Avicenna Journal of Clinical Medicine 2011; 17(4):50-56 (In

Persian).

L€ < Creative Commons Attribution 4.0 International License(CC BY 4.0) Sy 3 JS ¢xl





