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Due to participation in the process of eutrophication, nitrate has caused a lot of damage to the
environment. In this research, Clinoptilolite nanozeolite granules modified by
hexadecyltrimethylammonium bromide surfactant named HD-Clinoptilolite were synthesized.
The clinoptilolite zeolite of Sabzevar region was converted into nanozeolite by ball mill and
then its granules were prepared. In this study, a continuous reactor with a fixed bed equipped
with a peristaltic pump has been used to provide the necessary flow to remove nitrate from
polluted water. For adsorption process, a continuous flow reactor with a diameter of 3 cm and
a height of 54 cm, for investigation of pH parameters, flow intensity, initial concentration, and
column height have been fabricated. A Uv-vis Array spectrophotometer was used to measure
nitrate. Also, Thomas, Bohart-Adams, and Yoon-Nelson models have been used to predict
column behavior. According to the results, with increasing nitrate concentration, the
adsorption capacity increased from 3.16 to 95.21 due to the increased presence of nitrate ions.
Also, with increasing pH and column height, the adsorption capacity increased, while with
increasing flow intensity, the adsorption capacity decreased due to the reduction of contact
time. The highest adsorption capacity occurred at a concentration of 200, pH equal to 8 and a
column height of 54 cm. At a column height of 54 cm, the adsorption capacity is equal to 91.26
mg/g. The results indicate that the clinoptilolite nanozeolite granules modified with
ammonium bromide ligand has the ability to remove nitrate from drinking water to a high
extent.

Cite this article: Rashid, Z., & Zolfaghari, G. (2024). Synthesis of clinoptilolite nanozeolite granules modified with ammonium
bromide ligand to investigate the efficiency of nitrate removal from water in a continuous reactor, Iranian Journal of
Soil and Water Research, 55 (2), 297-311. https://doi.org/10.22059/ijswr.2024.366245.669588

© The Author(s).
DOlI: https://doi.org/10.22059/ijswr.2024.366245.669588

Publisher: The University of Tehran Press.
BY NC

ISNN: 2423-7833


https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:ZahraaRashidd@gmail.com
mailto:g.zolfaghari@hsu.ac.ir
https://doi.org/10.22059/ijswr.2024.366245.669588
https://doi.org/10.22059/ijswr.2024.366245.669588
https://orcid.org/my-orcid?orcid=0009-0001-9726-1746
https://orcid.org/0009-0006-2344-364X
https://creativecommons.org/licenses/by-nc/4.0/

YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

Y o yloi A0 0,99 ¢y 1 SB g 0T Wliicns alono

) oyt 8 dilog 2 paigel WIS L oaliz Mol Cloliygils Culgi il sl gil S 5w

Cull py dlwgm 4951, 10 &l 31 Ol Bds

Y 5 Jilg3 onsli | s 1,2

rashid.zahra2017 @gmail.com :4sbLl, . ol ] ¢ 6 )l jw S olSuiily ¢ droro pole a1 (Camy jlaes awidizs g psle 09)5 )
g.zolfaghari@hsu.ac.ir :4sbLl, .yl pl ¢ s )lgjem muS oKl ¢ o pole 0SUID iy jlaee wlines 5 pole 05,5 ¢ Jgius o i 55 .Y

(KW LY

4

o ol

b5 sl cyoawlSidg gy ald es,s 5 o plo gilw ae ol YL e s 4 ol
o Mol (Clinoptilolite) culoliygilS” culgiiol o Jsil,5 Limgh ol 53 sl odd Cunsj bazee &
A5 jiw HD-Clinoptilolite sb 4 (HDTMABK) wlogy podgel Juie (65 Juwd 1550 oliSEyguw L
2 415 o1 1S s 9 s gt oy Ball mill Clol b Jlgss adlaie csbinignls g Lz
i @25 PH adlas (gl €M B4 elis) 5 cM 3 b L 5) YU gy ol b 95T, S gl o
sl JUT 51 OOl lastie s (sl ol o a3l 03] Ul I il i Bl gl giw 665 § gl cdale
UV-Vis Array spectrophotometer oS> 3l el iovw ¢l 9 DLS o FTIR .TEM SEM XRD
Opb o9 9 (Bohart-Adams) sl o)lag (Thomas) wleg by Jue 5l cpsoen sl oad odlatul
cudyls il clale ol b bt sdo ol ol 485 0400 gt L8, i sl (YOON-Nelson)
o9 €] 5 PHORI b uizman 8L Gl A0 & YV 5l Sl o s9an Gl S & o
G s plej alS s & e b e b GRIBIL o Jlo 3 il Ol cud o
cm gl el odls &y em 5450 gyl g AL pl pH Fe v clale o Ol cud)ls o 3YL 08 oy
ol cdslingilS culgisol slagl,S oS cul ol 5l (S zols .l MO/g 26/91 ,ly Cls cud b 54

)03 oYL e 0 1y Sl O ) el s Gls culbls wlogys pougel BIKI b osid

g Ao il g4

VYV 2Bl s o ,U
NS ATIREN IS T
VEYINVA 2y oy G )b
ARSI OB

fgMlS sleojly
w0l Mol cugi; ok
Aiuogey y55,

s

cobogi Jde

aldl lagy Joo

O g Je

il ol Glo Gl ) o Loy posigel S b osd ol sl gtls culgigh sl g8 5itus (VF-Y) ousld oo aillgd g o105 ) oli

https://doi.org/10.22059/ijswr.2024.366245.669588 .YAY-Y\\ (¥) 80 «/p/ ST 5 ] colisioei dlxo « ol yiuns dwge 4551, 5

ol ol&isly ol L] duwho 1yl
DOI: https://doi.org/10.22059/ijswr.2024.366245.669588



https://doi.org/10.22059/ijswr.2024.366245.669588
https://doi.org/10.22059/ijswr.2024.366245.669588
https://creativecommons.org/licenses/by-nc/4.0/

YA o CulglingindS Cudgi il (S gilsS i 15, lidllg g Sund (g3 — sole)
dodio
Esmaili ) coul aslasl o bolste 4y 1, yludl oo g 0359] 3935 41 winesmogST (gl 1y (o330 Mo Cannnj Lawmo 5> laosiy VT jguas
alzae ) bosu VT it gl 5 b o Ol (5290l b Lasye Jolge opyinte 5| (o b yad @y Lo yS (Sari et al. 2007
¢ 3> olys ( ;Zolfaghari et al., 2006; Zolfaghari et al., 2016; Zolfaghari, 2018a,b) 15 o cob o] (slapiuwwsST > 1,
OBlS ) gy 3t sy ($)9p0 Srals (59 9 Comme Ol (oinj sl ) olesd Glaosn YT (5 ol
23k e 4 9 398 00 dbml (19 (b (ygmelinnST doxil )3 Gy xS e 1B Hlub e S 4 lgn a2 3 5 039
SB35 sl bwy b jsb 4 @l (Malakootian et al., 2011; Misiti et al., 2011) 546 0 ol g j oo
Cusl 0d (6)ygliS” i ) ogad & Ol 30 g Mg (liee (Rl cow umer (R g Cunio 0 Lol 295 0 Mg
w0 9 ddaw o] s (Sogll mie cp yatee ilyis sladgS wle Lelge .(Bhatnagar et al., 2011; Sarioglu, 2005)
abuns Oluy 455 5 gnejpj g daw ol 4 odis ahal Smio ¢ (6 oMol xd> (Atabati et al. 2022) sk .
ol oad ol clalase > el cbale (il camw (559liS 50 e sladgS 5l as 5l i odlitel g OB claals
3L bl s {2138 ) ' ionelSidy o AT 0 28 5 O bl (il ol o Vb eddle s 4 Sz pien
g5 Sl gelg sl Pluo o pcaenly I (K wlg o @l bawg Ol ad 039l .l s0d 005) Sl ge g Cam) bamo 4
s polis des I ol (Karpuzeu et al., 2012; Arulkumar et al., 2012; Malakootian et al., 2011) | Hlod 4 Gy laume
o cyeelsionied Comzpon 33,5 o Wisueljonisd S5t 1 ()15 ol b yus s Sl 51 5V (slacale )3 o a3k e
590 g3 eyilsS (gylom oy o 09Me .(Jahed Khaniki, 2008) Wi o ylgzciw! § ey ¢ omas wimmw <o 0dxo (b )yg0g5 ccly
Wl ico BT (D) whw 3 Bl Cois 4 Game Oy slal Sl &5 detnglSgeate il 9 Vb g3 ,LaS (b
iy Sl lojlo 36kl wloly Saelsl T )3 oy g @l jlxe 4o (Chatterjee et al., 2009; Chon et al., 2010)
Sy s jlxe Hlade yiSTis ol e ©lidsd 5 )bl dwwge b o i) 3 p)5 o Vg Ve b ply i3 4 (WHO)
<y oYL polie . (Rahmani et al., 2011; Rodriguez-Maroto et al., 2009) ol 03,5 fyuss il 45 p,5 Juo ¥ 1, Saelis]
6)lp53 sl SIS ol e (ogad 4 039l elalao ol Bl (g it Canss B e > 4 g anil (3L Coou
(IWAY (oiil) w3lo (6908 (50l oy Lo Sl oa VTl Bl el 50 o ol 0,8 Iy ooy il o

Zolfaghari et al., 2011; ) 54 43,5 )5 & aiue; cpl ;5 Llgs o 45 3y 3939 Ol asuas (¢ly Llisee (sla by, 059!
oo il 48,5 143 odlatnl 390 ol @lie | Sl Bls gl 9SG &S s b, ales I .(ZoIfaghari and Kargar, 2019
wosSae jousl 5 e aliond S cpelSatn s slid e ilubr (il & (g P e Gl calesd sl 4
(g5 43l gzmen (mlre b Sl Bl (gl 0ud 03,08 4 (gla g, Sl (B (WYY )8 5 65N L)) 5,8 o L]
s i 45 590 )3 Bl o 05 55 o) 83 4y Logpe SMSe e 455 Yl ann b (pliowd 4 Sl ol o,
395 pas cgam sloolu Y] & Comslus pie (g plydllanl 5 1018 plsl (35 Gl (ol abja Vb Gloil) L 5o ()5kd
Soly o S5 (59) bame S 5 il (St ok ) 4 Al g St I3l Bl jglatedy il Jpane b 45l 010Vl
(ohSed g ladl adan) bl e sded Gl g LAl Jold &S 39 0 JB 50 o S i Juad )d CllE xesd s g 0l Sl
Jub sl 4 g e sl &) )15 oalisl 3)90 (s le S0l 3 s Ble (lp 5 Gl des (VY0
2bliss 535 355 o8l jho b B b ool 5 oS JIEj gl W LIS ol JgSgo oS L g, ¥ 3Slgo ¢ J51Sks
e 5 lge (B (55 ge 51 oS il Jlud oS oo Ol al 3 )3 oalitl 390 Ol (et Sl S0 (ITAF oy lSen
y8 5l blie jd g a4l Of Glo 4 oS bl g o3 ahad pé Ol ol ] o Cowd o g ¢ lgtinl] g « Siw JIE;
«@lyis 25le losy V1 5l Sy bl pie (Jleb ()8 (VU Lo 430 o 4y Lol sl 0392 13952 Loy S'g ) he ol gl (VL
Ozt 5 29 0¥ dlse g g Seo dn 1S 0 da 15l chidlgus ()55 0 oISy day IS ¢ Bold oS oo
§ JSKiite 5 0398 3y dle (gl)h anb cldgiy OOl Blie )3 .l olyen slacodgisme b il ol 3l edliu] B8lie x e (K385

y Eutrophication



(‘:\Ms}l - u.oj&) V€Y bb%b)‘ ¥ b)w ©0 2,90 “’,‘).3“ S 9 ui Oldsg Yoo

i g el o yiod doosy VT JolS g gy Bl Yl lol) b s 3 (2255 Cabld rizmed AL o OlSlsgine]
5 ) casl 035 ol glio Sl iz Bl el odle e 5 (S 4 s 1y ol ol & il pla Shag Ss ol
Sly &5 s olaygin dox I (Sleilan) dtugnl piass 5 ((Sgi) dhogy wluw (VTAL (GLen 5 (bl HTVA (bl
Jos plxl I (g 00d bglss Jslowe b 4 0392 )39y ©j900 4 OOl cdiogls it 53 208 (00 51,8 3l 350 i Bl
ol slp i g cnl jl 4k adbcod 2l BB ()l 5 Sy (olidle )3 5 0392 03l jlis s cl 2980 il OOl 0
3l b olyes Jlows 45 015 03lis] gy oo ) il dlllan 15 3955 oo 03litel 103 (slamlb (gl i SleMb) I 45,5
g ol slal g (jSile Sl siloliz )3 Vb plosily s o] sl (S 5 4l wled Gt Ko 9 (JS 90 )
b g 9 sglaie ol gl )l 03gll ol e il )3 care B (9 o & (e 5 ixke S )3 Ll Sl eolizl
Lulid 05,5 69,5 ladslS 4 Joas (g 5 2ol log s pasisel Jito 55 o 1150 5gls” ciliSé 0 1y ) codslinyginls

W oy g gl g gl cdale (OOl e PH px Ol s Bl calises

by g 91ge
S 05 ool Cal s ghlS gl 93U 5k
Omb 4 Y gy 5l el 64 s s sl 08 g Jlgien Gl paed gz 5> Blg & ol aidlate ) cdslinngllS culg;
pssigel Jito (555 Jesd 1350 39515 CaliS8 00 Lausgs s g 005 030it] oo Jb oleol s ) 13 o318l (K58 ialS e
Gl g cpl 4 Cd 9l Mol 0956 A5 (4,J38 ol HD-Clinoptilolite sl & g 13,5 Mol (k] S pe) (HDTMABI) yleg
2 Jloyigyid (bey )3 g Sid bgls o b jlaie O (gsl> (gt o Voo e )l )3 il p)5 Ve L gt gl p )5 Ve &S
o9l bwg g (ilulis ouds Mol culg; gl L 28,5 g Mol Casls YF o 4 1O+ 1PM Ceyus b g dn 3 Yo lod
NV JSS) a9, 4 bas gyl ey 5l eolitwl b osds g Mol cdgijeil dlge dsldl )0 .(VWAF )] Ko ¢ (Si) o 5 Sis
Jlzud (g95ly5 51 odds eolasuwl slgo 59 (6345 031l (gly .adb odliiwl )W go oV Soy0 08" sl 5 pad Ao gy0un 51 PH pulais gl
o3l « S guiS” il donometer MS ¢S b yio pH olSiwd 5IpH ioriaw jskaieds .03,5 edlawl GF1000 Juo +/++V o b
Sosb VY g0 Jsb 3 0l aile (3l e 005 4t T e €8 51 sl f] (sl Jslos e (el alty 5
S5 oy (gl s oolel Jladie Ol 5l oslil b la Jgle eled g cSl)3 idi sligle ik UV-Vis jrogibgiSum! olSiws L
Sy oly STl b S 53l oy sl (X-Ray Fluorescence (XRF)) sG] o5y uiloyold (hgy 5l culess (ooleonsd
Transmission electron (TEM)) (sys:s (59, Gy ySun 51 lyd 9ib o asd gly «(X-Ray Diffraction (XRD))  uS]
(Fourier-transform &g, 45,08 i srwwcab o) jl ColiSéyaw b culgdy yad jb Jole jasis ly g «(Microscopy
!y (Dynamic Light Scattering (DLS)) Suolud j9 (SaiSTy oyl peiored A odlatwl infrared spectroscopy (FTIR))
ol 00 okl > 010 ®595 (awyy
Ol i s Ol bl
4up gl Jslomo sl Sy sl ol s sl ol 0,5 0 0158 (tale] 9590 2o @ i sl ol U
et A5 4t e 1 )3 KNOs Jl )5 /¥5 Jlao 03,8 o s sty &1yt S5l Jsbone B MOIL olais (ypan &y 335
il 35y b )T e MOIL g\ B0 ¥e D Gl ) Sl adyl Sl b sy sl dlital 3,50 (sl Jolono
S gyde e V90 ) Joloee 9 (HCD sl SG51879)0m 3¥50 ) Jolone (139331 1 35 PH (eulais jglaie 4y 545 g pole Joloxe
PH L obdiges ol s oo anTys 0 pH 31 Lioss sl a5 ookl yio pH ol 5 olitl b a3kl 590 a2 45 (NaOH)
A5 A b oAb g g gl cdale (8,5 Hla by Ay &l

y Clinoptilolite



YoV Claltgls Clgi il (sl 5w 16, alIgd 9 e (g3 — sole)

e M.
w30 Old adei (1w Jao JU Gl 55 don b lidee (1 3ulw B (il Joluw ;5 O3 gl CuslB U glaoalw Juo JU Clwsl A - UK
HD-Clinoptilolite Cgi; 93U Jgi1,5 D g cislog p @anigel Juio (557 Juwwrd 155 COlSE you Jawgd Cudgd ) o3l Mol 0yl 48 :C (ol

Gl wdale &S pl eus A oslel OF 9 & O gl b slaygiw «l s Bls e s gl 5l adllas (ol
odlitol 48> 55 1 VID 5 VD (g 5l Bl anld 0 clr oAb U o (sl izpen A8 4B)S i )3 ol PH 5 (ol
4l a5l gl 5 it W y3elil 5 (S lalesl Sl o po y p3 a8 4B )5 i p> ol PH g st £l ale sla el 5 0
Oy $31lel, 9 i
LVeeml oo g oo Ol OF gyl pie il ¥ jlad & (gladinds yaiw 5 AQBOBA  Juo Sl py oy 3l ool b adigal
SIS o | ol sl ab 48,5 01 ol gty 5B S Ol (ool ol st b gt 5 Yl & 55 ol

(Y JSKb) B0% 85 g (29,5 Ol ] 4>

ol

55 5 505 U35 OB e iy ¥ Sl oY 153 4 ) o) 5 s b i S fogei ¥ S
.‘ﬁs)& leu—o 9 ‘C’Jt&é)’u} Jaw,? FXWd CMAP‘

I

L

chale o8 Sloj 29 o0 patuiie JSBS (odia) CunsSld (i bawgl OOl (5l (gt 3)Shes (ol yian b (gt

S Sloj oizmen e bl JSE S (odie (59) s dal oy 395 adgl clald jlaop Ve 4 gt I (298 Sl
5l 2l (CUCo) s sivmin 394 g0 Moy dl5d dlais chuyy 395 adgl clale | oo pd A &y i jl (295 Cluy clale
CanSs goie 5 sbad 1) alayl) 5l ) oo s (Vepp) Gl o dslone (el sl i g5 (gl Gl o b e
bug ol g ola Sl (V) daly jl 25 e G 2 (Qorar) @3B gt by 0ad Gl (38 o Sl b



(‘:\Msﬁ - ‘:D.LG) V€Y slocuigmd,l ¥ b)Lo.s:' ©0 8,93 3l S 4 ui oludsy YoV

dasly buwgi p)5 oo s (Megrar) (g & 008 3)ly slagyg S )lde () daily 5l 235 0 p)5 (oo s 1 (Geq) 23>
Al o Cowd 4 (8) bl 3 4ids o p EBCT JB s b (wlos (loj g (8) alasly bawgs (R) clyis (g0 JolS Bl as )y (¥)
Sloads C)é \ J9A> o )9deo Ja.:‘j)

Cwgay 3 (yghmw 4D 03wl 3590 Laslg, —) Joa

) —

Verr = Qtiotal (\)

t=ttotal 04 04
ftzof t lCad dt Qtotal =m =m (v)
_ dtotal
Qeq = 2% "
‘o ota
Miotar = % (\:)
Total removal% = Grotar i
Meotal
EBCT (min) = bed volume (mL) / flow rate (mL/min) .

Ny @3 (ghoyd Ar gledl &y (pmsy (Sl 038 (e by loj JS Lot «ML/MIN (b2 Cio o Q aabasly ol )3 &5
Ogww (@) @b JS Sid 5o m g miny Gy S Al te(MO/L) osds ol cdale e Cag Coanslls oo i (sl A
$U Bl > (g S8y e Sl oetmen 5 Cl Ji b Qe gt I (28 glaodly Ll g s sl il
Yoon-Nelson ) :jguds (92 9 {Thomas model) wlogs «(Bohart-Adams model) jelsl-cslags (claJao 5l oais Jgil,5 clgs;
(Y Jgis) sl oas onlisl o alBislejl wlde 15 ¢ nio (slad,)5 slaie 4y (Model

(ol 92 9 cwlogs alsl-Cygy) e St (5 kol yly 9 S0 - Jout>

e Syl (5B J o
Ct _ KrnqmaxM KagNoZ_ . 5 .
In (CUC[Ce) = Kynt — :ogudi-092 Jue KrnCot — Inc_o == F Joe =K 45Co t—( ABU : ) :;ﬁ‘.:!—u;hsé Jowe
_ gl i .
Kyntso towlogi Ing
oy ol £ oy Solyk o iy Solyls £
. . TP bl (St o p ST lagy Jio il e ol
Ogbimgyg 25 <ol Kyn . . Krh ’ o Kas
(mL/mg.min) (wlegs wdo (L/mg.min)
& olaws sl il o0 e i
PR S S O ti (MgIg) i bl G (min) 18 plos (o t
(Min) xo,0 0+ Gis
g ol Hlade m (Mg/L) wie cud)ls No
mL/min > F M) yoiw yiwo glas)l z
(min) e QL")' t ( )w—"—’@ (()7\9‘-‘”))““-‘& )
o) (CM/MINY o e
(min) ol plo; JS t . ) . ” u
(s gl awy by (2
o g s

o) i Culgi 93U (S S 09
,Si0z, TiOz ;MO Fez0s, P20s, SO3,  (2lsd ©lS 5 jl cadglingialS’ colghy CXRF) (uSilgi gy (il jold oo gy 3o
@ ole (sloog,S Ly aoan VT a5 34 o o Cdob) (olowd a5 wanl oas S5 K20, Na20, CaO, MnO, Al,Os
SI02/ALO3 s &S Cansl ) oaimd (Lis ol 29 b Ol 5l Jole claog)S oyl Lawgs s VT g 398 il Wby ol pdaws
Joe 2 b 5158 ccudshingids culgiy lisbl )3 39250 oS 5 (e Al (o0 203 VOIFY K903 5118 LS 5 0oyd 9 FI0O il
aibaio colg5; (XRF) olows coS 5 sladod ¥ gl ol o3l JuSts 1y O3ls jlisbes duoyd £Y oy 48 0 oo Si02 oo loowss

a3 oo Ui 1) lgse



Yo¥ ClslinilS il 1,5 55 1,155 5 (g = oole)

Mg allaie Culgi; (XRF) (obowd o 5 (so )3 =Y Jgaa

LoI" SO; Fe,O3 P,Os CaO MnO T|02 K,O MgO Na,O A|203 S|02 %‘S)J
\E[0Y ofee V¥ o/ o/0) RN AN \VA%d -IYY Y/¥Y a/av SYISA Lo >

235 o debato odlo S 51018 lo as Voo Ol cele K (b a8 gyl dlge e b cunl ply (5l i

b ol 0 o3l L ¥ IS > T il 51 ol ol 48 5,5 5 oy 5y90 Cadgiy il XRD 3l bl

YO jlade 9 YA/D 639a0 p3 b 5698l o 4l condS 51 o Ay 9 ZVE L cdglingilS 5 edg; Al s gl

Olo 355 oo 03l I3 0j8l & j55 9 (6565 0jIl (sl el &S canl (658 9y (DLS) (Senlid y5 (SwST () bl oo
A yiogil Fer B Ve r odgame pd @l 43S 09d o odmline ¥ IS (0 &S job

o Particle Size Distribution
“ 100 50
04— 45
625
80 40
o] 70 43— -35
=4 ]
£ 60— -30 ¢
25 w c
B o0 —— %5 3
w g 44— 23
| 304 15
B | 2041 -10
104— 'S
0
79-1461 Clir 0 i ; i 70
0577 Caie 0.1 1 10 100 1,000 10,000
28499 Camite I Size(nanometers)

(cowly Chonr) DLS (yigy b ilyd 231051 2595 9 (e Cuowws) ylg janwr dlaio Cudgd (XRD) (uiSy! 95yt (gl b (6651 gl - Y U

ogl wad diz €8 L TEM (995l ogSumg Sn jl sl 9l 5 (6)39; sladiges ojluil g <y (S5gds8090 ()2 sl
5 odel Cawd 4 pglad ol o A1) ¥ S 50 cdgs; ol sl g JSs TEM 3JUT 5 sl cands zols gub b odlatl

J.wbu.o ).uoy‘.a ¥eell D 0dgdwe 5O A.A.J}s,) yb CJ‘)D a5 Cuwl O"‘ RS uL.a.u @9)35." L.J)S.\»g)s‘.o

yiogl Vo o 3laf U (b) g yiogili Yo + 5Ll L (a) :HD-Clinoptilolite Cudgi; 95U (TEM) g yiSIl wrgSuwrg ySen 3T gyl —€ S5

a9 Job el )3 FTIR il el o0 JoSits Sliliusgivagll 51y a5 ¢ lole (sloog S 55 9 Ul o sl
Si-0- S (il 3o ol Sy 90 (sl Calgh 15 3litol § g 5 oy ksS (xbusicias 0lSwd gy Fo o —F+ -+ cmd
Si- (oS Slsles )| b Si-O-Si oy laitel oS bl V+Ye M odgamo 3 48 FoomVVo o €M 03g9a5x0 ,> Si-O-Al 4 Si
Lok, 4 bgrye FYYe CML odgamto 40 45" YV =10++ CM™ od9d50 1> i) 13 3990 H20 Ky (0 93 (SlsguenO-Al
I Jele ks el o o3y lis & IS5 p3 a8 FTIR JJUT 51 Jols zols bl o cdgs 13 39390 ol (59,0 Sgn S
Wl oo (35 9y8 0075 41 bgrpe Loyl g YA« oo om® odgacme 5 Culgijgil



(‘:\Msﬁ - ‘:D.LG) V€Y bb%b)‘ ¥ b)Lo.s:' ©0 2,90 ‘G‘).ﬂ S 9 ui Oludsy Yeg

om™

oS ygunr Jrwgi 0w Yo ! S gl 3iedlS 53U (C) 9 ud gty 9iudS 93U (D)eeiliS g () (FTIR) cpbs 5UT gl -0 Y0

g G 1 ilieo bl b U
by copw b ool Lulps 3 Voo mg/l g Vee @ Fe clacdale )3 Ols abld 5 alis algl clale 5l adlbs opl )
Gl 53 Phe Jelge 1 (SO adgl clale a8 sy lis gols )5 8 isles] 5)90 £ bl pH g Y CM et glis)l M/ Limin
e (lEl s & Gl bl Gl b e G Gl cab i ol adl el Gl LS S8 B adlie ol
Sl e 5 s clale o daly 4 S ol cudyls (5ol58) &8ly 5 bl o Ol maw p dgnge Jld sla Ko e g
Bergero et al., ) 15,5 Iy cund polie gols 4 395 Sllas > o, Kan ¢ Schick 3, culg) ol pdaw g9y p 9390 Jlsd

Ogiw g5, VO LM 4bys ce g b 2Kilejl bylys cov A g & ¥ cla pH > Gls anls 5 pH 1 cpiscen (1994
DB o )3 conn (gduwl PH &Y plp pH a8 cily an g b (5 JS5) cé)5 13 iulejl 5,90 Voo mo/L clalé 4 HFem
>hb 0 P50 9w slayial)l I (S 453l (Ui gl 298 o0 SliaS (58 (e g Sl (53)98 a1 G oolil
238 oo i ol ] 8 )3 it il 5 Ol (o )l g e Sluoguad &S 2k e PH (dgiisl) i st S
Jds Al YL clapH jo b cuidS b Gllllae b Lol ol oo ial38l Cds cud )b HLE 4 couwl I pH 5 iol381 L
Judl s 3l 59y 2 5290 JUb soe g9y i el (BLOI-OH L ol sl slogs om 2uldy 5 —OH (2l
9 2= adllas b adl -l (WA () en 5 ) Wb oo LidlS lyis Cds e —OH bwy cldgj 6l ol 5y
b alBilejl balys cos OF em g &% OA glaglis)l ) Gls auld et gld) Bl o) Slgswn WAY Jlo 5 (o Sue
a3 o i wls ¥ Jgds oV UK el 5,3 )15 ialejl 5,90 Voo MO/l cdale g & Ll pH /0 LiMin oLy cas oo
a5 ol €165 ) Ll il o el SYIVA MGG 4 OF/-F 51 e bl walgipls il sl gt 6lisy) 381 oS
a4 DY em 4 VA el il b aad o bl guld cpicren b oo (]38l Da3 g0 S (gl S dlaw g i 9 il oy
ol ©ad Jlsboe Gl VB ML & YEYO 5l (gt 5l (298 Cluy e g Yor Min 4 VWD I gt ad55 loj oy
dy90 Voo MOIL clale g & L ply pH DA cm gl b alKiolos] bl s cos F/O LIMIN /0 by e g b Ols au] 8
B il T sl s ) Sl Bl T 55 e ool ) (S ol S 3o s gl 88 LS o]
Sl Jslee S ol pac g Ldls g Slyis gl e wled loj LialS s @ b cnd (BlBEIL Y Jas oV S
LFYIEN ) o s bl gl g2 950 JUb (slafSe 15 Sl ol pie 5 b s (i 2 2590 gl b Sl

Ab o LialS FY/PY mo/g



Voo e Clghighls Calgijoili (s Jgil 5 3w 15, al1g3 9 soad (g3 — (oole)

12 124

10 m— 10 v sssa s

0.8 0.8

—— e dale

S 0.6 ) =t pH=2 S 0.6 —— el
o —m— pH=6 ©

0.4 0.4 Yor il

pH=8
0.2 = 0.2 Yeoodald
0.0 0.0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (min) Time (min)

HD-Clinoptilolite (Jgil 5 Culgs; 9 bawgi &l g Bl oty p (e Cow) PH g (Com]y Cuoww) adgl cdilé 5T -1 JSWS

12 & 1.2
1.0 1.0
0.8 0.8
s 06 . ) " s 0.6 4 —— e il VA gl
Q _‘_uclm)éﬁr/bolg'ﬁum Q P EWw)
$) 1 S
04 04 T e il YR e
el o id VBG e cad .
2 ook o o il OF glis |
0.2 0.2
0.0 0.0
0 100 200 300 400 500 600 0 100 200 300 200 500 600
Time (min) Time (min)

HD-Clinoptilolite (Jgil,5 Culgi; 9l b @il s Lol 1 (e Coows) Gl ya @ g (Cowly Ceow) i g5, il - UKW

A5 pbol il (gy9ls 5l enlizwl b o 5l el yis Bls ela ol fygelpn YA Jlo 5 o) Ko o Tyagi bawgs imgi
byl &S 0l asuie ol odd oolaiwl b CojarelS'sil g da adigs gl di dolgil «lydgil ylas (g3lge $iU Gl ety oyl )
oy 20 ol dalllan sl 538 o 5B 3o ol LIS () adgl cdalé g e ulas o o lgogil jlade PH (ygonan
buwg Clyis om ol 2SS e cue p (Qrorar) b gt bwg 0ad Ol 538 S G e cws 2 (epp)
Os Jo Bl sopd )5 (e s (Miorar) Ot 42 00D 3)ly sy JS e p)S 30 p)Slee s 2 (Geg) 23>
o » ohlKen 5 5t Gidgh ) Cawl o 03> LS ¥ Jods > 4ddy s EBCT JB s b wled loj 9 R wlyig
S el peitme by b e g edlatwl (Bly Gl 5l ol Bls 5 s o Fes0a il ydgil b oads aidlus ¢ 550089l VF+Y
G 9 3,10 Cluy 5l ols Cds )3 (0L oUleh oud and CojamelS'ail aS oy Lis eolaiwl )50 slbdls Cds Cud )b cwyp
9 Ol (255 5 (1,3 YY) Cajonal 5 il > Sl ol olism (s 90 s Bl 13 Sl ol ol il
ol Cawd 4 el Al s (303 VF) culgsy e



(‘:\Ms}l - u.olc) V€Y bb%b)‘ ¥ b)w ©0 2,90 ‘G‘).ﬂ S 9 ui Oludss Vel

Cab S g 53 03 Mol Clgi; 93l byl Olpis o )3 PFge sl )l € g

H G Q T Ve M Qo Qeq R EBCT
@ g am P (min (mL) (mg) (mg) (mglp) — (7)  (min)
VA Voo N 5 Yo YEYO YEY/0 ININCaTA of/-¥ W YIAVY
\rg Voo N I yy. ava- INEA WYY/ ON/EYY yy. YIAVY
N Voo Vo 5 Y- Vo Vo AL FYIVA ya. YIAVY
N Y N 5 VO V- vo V\Y/0 Y& A\ YIAVY
oy o Vo 5 VAo YAV YEY/VO FYO/YIYO WWIYA VAD Y/AVY
oy Voo Vo 5 A\t S0 W YYA- a0/vy Yo Y/AVY
oy ) Yo 5 VAo AYY/AY MY/¥AY VOAY/YYFAs \iital VAD Yio
oy ) Vo Y \gA Yo F\v/o FAI5YD ARVAN Vob Y/AVY
N ) Vo A Y5 Uees Uee YvYe. n/ys Y. YIAVY

HD-Clinoptilolite J¢!,5 Culges 5 93U da S

(U (cm/min)) _xaw cee s 5 «(No (MQIL)) Gl b )b i3S Tas (Kag (L/MG.min)) el jlags cob (sla yal,b aslllas oyl 5
Ol 38l b guls sdo .l odd &1yl O o j0 &S Lol Cuwd & (Time (min)) obi Lo (L (C/Co)) s ,bgei )b
Gl a3l b e Sl Ol s byl Sl g asl, el /oYY Limgmin 4 +VAY | jabi-cylag cob ¢lis))
ey Gl s o 11 G byl Sl g (il /NI MGIL 4 VAl jelol-c gy ol gt 4 Sl g 999
PH il b cpomen b oo pialS 30 ls cud )l Sl g iolisl </YY Limgamin 4 «/+VY 1 el jlags ol b >
F ol & dng LS o o il 56 Gls cud )l iSlis g mb o ials </ ¥Y Limg.min & </l jebsl-clag ol
sl Cawd & Lgd (Shumad Copd & 4395 A3b o /NS b +/AFFY 03gu50 ;3 (R?) selol-clags Jho (St o s plio
ohHen sWang gl b sxiss ol gobs )5 1) awyp ol (sloodld puds culbls 5ol jlagy Jio a5 aad o LS Jio oyl 5]
Oyl cisllas (Vo))

Sl piuns g 33 b V0! Cudgi 393U bawgl il i e (lp 3eld] g Juo (g yiol )by —0 Jou>
H Co Q Kap 10° No

(cm) (mg/L) (L/h) pH (L/mg.min) (mg/L) R’
A Ve Vo s ¥y VDV <AF5)
vs Voo Vo 5 WY VDA« -+ /300
oF Voo Vo 5 o5 YFAYYOS ST
of y Vo 5 VA VAATY <RV
oF 5 Vo 5 ey ¥ <JAVEY
of Y Vo 5 AT VoYvrRy NS
of Voo ¥i 5 ¥ Yarva- -JAYEA
of Ve Vo Y Y- ¥oYAYS JRYF
of Voo Vo A R DFAVEY- <JAMAY

oles Jilie 5 (LN ColC) has s Tae 51 (o5 g cad )b jl Ol Gl (sl wlogs Jto 5l odel cowd 4y sla yzol,b

cm & +/+0 1 (Km (ML/mg.min)) wlogs ol yuw glas)) Gial3sl LS Joss slao .cowl odd 0dy5l & Jgan ;> (Time (min))
& VY 5 e b cadg) Cale (i3l L il G5 (G (MYJG)) il Laogs i (fize ST 5 tals +/21Y
oo JUi5) Canglie GRlS s & ol Sy RIS L bl 3 Mo (I3 Gl bl Sl 5 s e ialS - F
3 ologs s PH Sl b aizgon 5 o Ly SIS 35 ol by p8lin g astly LBl 1YY & <)Y ) olegs
Ol 0 adgl Clale 5 gl PH lien o canling oy sl (ol o G233 Gl eyl Sl 5 inls’ o/ -0F & </YA

25 (o0 Sl g Dl (ol Colb i Gt s il Glie Sl (I o a8 lie 4 Gl ©ad g 2l



YoV o Calghiginls Cudgd joili (S Jgil)S s 305, lal1g5 9 saad (g3 — sole)

¢wb P i Lgbbc.)b My LS‘)" U.:Yb u.:uy )] U»Loy JAA cu9> )L.m) M w)b 9 OAAT Cawd & CJLJ u»lwl))
Alee )3y55 52

ol s (ygiawr 5 0 W0 Cad g 593l bawgd O s e (g wlogd' o (g ol )l =1 Jgu
H Cy Q Krn 10 Qmax

(cm) (mg/L) (L/h) pH (mL/mg.min) (mg/g) R
YA Voo Vo 5 of<EN ARNZ- TR AN AR
\rd Voo AV 5 /vy YEVYEYY AV
of Voo Vo 5 of Vs INZAREA +/aV¥-
of Y- Vo 5 IvY Y¥-Yo +[A¥VY
of R A 5 o[+¥0 Y¥YavY < [AFYY
of Yoo A 5 ofeo¥ \FAVYD- - +[Aa¥Y
of Voo Y/o 5 of+¥) YAYA¥D. +[A0YD
of Voo Vo Y <IYA VAYYYD +/ay¥a
of Voo Vo A o]« ¥¥ VOFYAN Y +/23A)

2 o Mol culgy gl Al lawg (tso (MIN)) (o) B+ Bls (gly 5L 5y50 yloj o (Kyn (L/MIN)) - jgudi= ey <ol
sy by gl gl cdale > (Time (Min)) olo; ke ;5 (LN (CYUCo-Co) s (glaoges 5l oslisl b il sty gt
Al gldy] Gl L 4T 0d et V il esal Cusd b s ol 35 dsle ¥ Sz b Billas Sglite pHy b2
—oe b ol adol clale yiuli8l b omad Wb o ol tso blde j> o il Lials VY em 4 VIV 5l cygudi- e <ol
L/h s VY 5 amdim g0 <ol by ce g 0l381 bbb o isl38l 0 Jilie jo g 4Bl ialS” +/¥¥ mg/L & Y/&+ | el
ORlB) G 5 Moo (BRI JOA @ YIOY I ygudi=(yn <ol pH G331 L il oo (20l ts0 ke ) 5 ibge Rali81 VAV
sloodl> b gl gn Jio (R?) (Siod oy ©o3 3illS 4y dagi b wcanl 008 Syt (0 (5003 00 @l (sl 5L 3590 o
o )3 03asl 3590 Sl iy (ygias 3l oal Csd 4y o0y (gl uslio Juo gmdizppgy Jao g Gl (gt il dlols
A pARod

Call pams yginw 43 00w Mol i jili bawgd Ol Qe g gl g2 S SRl -V Jgo

H Cy Q Ky~ 10 tso 2
(cm) (mg/L) (L/h) pH (L.min) (min) R
A Voo A 5 ¥/ Ve <[AYYY
\rg Voo Vo 4 V/Ay Yo +[200¥
o¥ Voo Vo 5 <[aA a-. < [AV¥y
o¥ y. Vo 5 Y& Ve < [AYY¥
oY b Vo 4 V24 A /200
o¥ Yoo Vo 5 - I¥¥ VW «[aAY
o¥ Voo y/o 5 V/Ay Y. <[A0FA
oY Voo Vo Y y/oy Ve < [A¥YVY
oY Voo Vo A AN VOO +[AAYS

PuroliteA- 5, (sol> ol g jl odlil b iuejpj ol 5l s Bls 3590 53 (gl adlllas MR+ Jlo ;> (sl § (gqwe

SIS ot 1y ] gt Sl (293 by o ol ead Jboy clale



(‘:\Ms}l - u.olc) V€Y bb%b)‘ ¥ b)w ©0 2,90 ‘G‘).ﬂ S 9 ui oludss  YeA

S 5 AR

3590 diwgn g, Olyis wde 3,Slee p bys S g gt g@l PH s adgl cdale las oo el )b 156 adlllas o)
ol38] (e Yo 5l i) A0/YY malg 4 YV 5l Gls cud )b Fee mg/l & Vel olps adgl cdale ioli8l b cd S )18 wyy
boyls ol o daw 59y 32 39290 Jlb sl (S0 5 iy Clale (g dally 4 (St code d)l (Rl @ly ) b
3 ! lapH jleolatwl .ol o isli8l VY mglg 4 VN0 I Cds cud )b (A BY) oS & gawl SIpH e iol58l
Sl g & il 51 (Vb o JUisl oo 5 oS aaad slaginmn 3 03litel 3)90 (535 Cliaes (5295 cge s950 4 wlio
OF/+¥ jl ol cd)ls cnlply enb o a3l 29290 Sl (Sl 3l 5 5 9 s (e oled Gloj 5] a1 L 948 oo
Gl gt | (293 Ol o> g (gt a5 loj )] (I L aad oo (i gl (imen b oo ]33l 38/63 m/g <
Jobe (BB olos pae g O3l 5 it b G o ol Olej T > 4 plp ol I L oS e 3 S e
ol b )b ol waw pdgrge JUb laple 3 Clyis Cda pas g ol e (g )3 290 Sl b Ol ol
silogys pasisal BEY | o1 Mo culshingils clgiisl cloJgilS oS ol bylys e Ly Lials FE/SY mglg 4 SYIYA
39Uyt (slaygin )3 g 35,5 wlde jd adllas pl 395 oo dldin D) oYL e 4 1y Sawelsl Ol el s GBls cllils
29 plool gt duglie (sl

3,18 3929 (B Mg (o @l 5l WS "

&b
oMol dnals S5 351065 aloee .ol K5 551063 3 3L sgun cdale p plBILl b oty (claslisd dlus 5 yanass ¢ i Al  uis
N F-AY (VIR 180 0l

2Ol o8l eyl b )5 ael o, LL o Sl odre g uﬂ laosn Yl Olesed (B> g u.sy.sT Oy des (awyyr (IYAY) L gage dosro o il
IV (V)W e oloin] oo ag i . b )b i

i oSl waly ¢ alEily Soa Sl Jsl Ol o alasd clysST) Shb Jsol (VFVA) pmes cbobie g thame (2]
S el

Ol pad e o gyl sl I ool 3 Sl polie awyp (AYAY) odumus L dumas g €3] (6 pad ¢)liee ¢ cgage L peMe ( S5 nls
o . o)) pl (I3l oG (Chalcalburnus chalcalburnus) Jss sl ale calisee (slaplssl )3 sgex cdale b (59 9 Camminr oy

b odd Mol puwoly I oolazl b clyis Bls ((WWAR) Laabls (¢ Suue a9 ¢ 0ly8 (g Sune {5 00 ol ool Slewdu s e ¢ Sles,

o 55 ol S STy b 01 ol s b 1 o Jgonad) S B 1218 gt VYRY) 08 5 S 5 ol o
s ol b g o Staled (om0l leg  poigal
YE-VO (OF)) (sldiud 98 g pole dle F7 g NO3™ (gol> (sla Joloxo L.m?ﬂ LB lwg F 7y uo,* sl

28 WIS Sl O ol 5l il s jials )5 oad g Mol slacdg; 5, Shas oy (WAF) JuT (Sl g fplu ol dune b ( SIS
VeV O lame (555195 5 pole )5

Ol &y s PuroliteA-400 Oy e Al g 3l edlaiel b uejp; ol Sl ol Gl (WA Loy ((gdwl g ¢ e dow ((gawge
IEY (P S g



Tol o Calghiygils Culgdjoili (S Jgil)S i 305, lal1g5 9 sand (g3 — sole)

odlizal b ol 5l lyz Bl (1¥RY) iy (s 5 2l g 8o ol thanl c(s i (s 1 lg byl s cmoma 0t ol il
XOFTEY (Y] chams 5 oMo alomo .csh 2 003 0ilis jiuo o0l @) 5l

SlacilisS)gw b ond Mol co¥oligls' (clacgiy (LIS (o) p (WA+) idio (s pilae fsh0 ¢ g 5T (e (bl tpblllae (s

oy (S pole ol abre - ol slaJglons 51 it Blo 3 dilog s postaty ey St N g IS poisel Jite (65 S |5
XOF-FEY (F)\

REFERENCES

Akbari Binabaj, M., Nowee, S.M., & Ramezanian, N. (2015). An overview of new method for removing
hexavalent chromium from industrial wastewater in the last decade. Iranian Chemical Engineering
Journal, 14(79):61-79 (In Persian).

Arabi, F., & Askari, G. (2003).Investigation of nitrate removal process from aqueous solution by zeolite
modified with surfactant hexadecyltrimethylammonium bromide. 16th National Environmental Health
Conference Iran, Tabtiz University of Medical Sciences (In Persian).

Atabati, A., Adab, H., Zolfaghari, G., & Nasrabadi, M. (2022). Modeling groundwater nitrate concentrations
using spatial and non-spatial regression models in a semi-arid environment. Water Science and
Engineering, 15 (3), 218-227.

Banafsheafshan, S., Jonidi Jafari, H., Rezaei Kalantary, R., & Esrafily, A. (2016). Purification method of
industrial waste water with hexavalent chromium removal. Commonity Health, 3(3):219-227 (In Persian).

Banshi, M. Evaluation of the performance of anionic resins and simultaneous removal of organic and inorganic
pollutants from water. Master's thesis, 2002, Faculty of Health, University of Tehran (In Persian).

Bhatnagar, A., & Sillanpaa, M. (2011). A review of emerging adsorbents for nitrate removal from water.
Chemical Engineering Journal, 168, 493-504.

Chatterjee, S., Lee, D.S., Lee, M.W., & Woo, S.H. (2009). Nitrate removal from aqueous solutions by cross-
linked chitosan beads conditioned with sodium bisulfate. Journal of Hazardous Materials, 166(1):508-
13.

Cho, D.W., Chon, C.M., Jeon, B.H., Kim, Y., Khan, M.A., & Song, H. (2010).The role of clay minerals in the
reduction of nitrate in groundwater by zero-valent iron. Chemosphere, 81(5):611-6.

Esmaili Sari, A., Zolfaghari, G., Ghasempouri, S. M., Shayegh, S. S, & Hasani Tabatabei, M. (2007). Effect
of age, gender, years of practice, specialty and number of amalgam restorations on mercury concentration
in nails of dentists practicing in Tehran. Journal of Iranian Dental Association, 19(1), 97-104 (in Persian).

Fatemi, K., Sayyari, R., Mohajerani, H., Rezvaniyanzadeh, M., Ghasemi, M., Shafiei, R., & Gheysari, O.
(2011). Separation of UO,?" and F by y-Alumina from aqueous solutions containing NO* and F. Journal
of Nuclear Science and Technology (JONSAT), 31(4): 25-36 (In Persian).

Jahed Khaniki, G.R, Mahdavi M., Ghasri, A., & Saeednia, S. (2088). Investigation of nitrate concentration in
some bottle water available in Tehran. Iranian Journal of Health and Environment, 1(1):45-50 (In
Persian).

Karpuzcu, M.E., & Stringfellow, W.T. (2012). Kinetics of nitrate removal in wetlands receiving agricultural
drainage. Ecological Engineering, 42: 295-303.

Arulkumar, M., Thirumalai, K., Sathishkumar, P., & Palannan, T. (2012). Rapid removal of chromium from
aqurous solution using shell activeated carbon™, Chemical Engineering Journal, 185-186:178- 186.
Sarioglu, M. (2005). Removal of ammonium from municipal water using natural Turkish (Dogantepe) Solute.

Separation and Purification Technology, 41, 1-11.

Malakootian, M., Fatehizadeh, A., & Ehrampoush, M.H. (2011). Nitrate removal from agueous solutions by
nanofiltration. Desalination and Water Treatment, 29(1-3): 326-30.

Malakootian, M., Yousefi, N., & Fatehizadeh, A. (2011). Survey efficiency of electrocoagulation on nitrate
removal from aqueous solution. International Journal of Environmental Science and Technology, 8(1):
107-14.

Misiti, T.M., Hajaya, M.G., & Pavlostathis, S.G. (2011). Nitrate reduction in a simulated free-water surface
wetland system.Water research, 45(17): 5587-98.

Moussavi, S., & Asadi, H. (2011). Nitrate removal from groundwater by Purolite A-400 resin in a fixed bed
column. Water and Soil Science, 21(4): 17-34 (In Persian).

Naeej, O.B., Mohseni Bandpi, A., Jonidi Jafari, A., Esrafili, A., & Rezaei Kalantary, R. (2012). Removal of



(dw.és).l— u.oj&) V€Y bb%b)‘ ¥ b)w ©0 2,90 ‘&b.:‘ S 9 ui oldss Yy

Nitrate from Water using Supported Zero-Valent Nano Iron on Zeolite. Iranian Journal of Health and
Environment, 5(3) : 343-354 (In Persian).

Nepton, M., Nahvinia, M. J., Mozaffari, J., & Zendehdel, M. (2023). Investigation of zeolite efficiency in
nitrate removal from urban wastewater by FesOs nano particles in industrial scale. Iranian Water
Researches Journal, 17(2): 111-120. doi: 10.22034/iwrj.2023.14219.2490 (In Persian).

Neisi, A., Babaei, A., Vosoughi, M., & Mozaffari, S. (2016). Performance evaluation of hexadecyltrimethyl
ammonium chloride (HDTMA-CL) and cetylpyridinium bromide (CPB) modified zeolite clinopitolite in
removal of nitrates from aqueous solutions. The Journal of Rafsanjan University of Medical Sciences, 15
(4): 343-354 (In Persian).

Rahmani, A.R, Solaimany, Aminabad, M, Asgari, G., & Barjasteh Askari, F. (2011). Removal of nitrate by
MgCL2- modifed pumice and zero-valent magnesium from aqueous solution. Iranian Journal of Health
and Environment, 3(4):461-74 (In Persian).

Rodriguez-Maroto, J., Garcia-Herruzo, F., Garcia-Rubio, A., Gmez-Lahoz, C., & Vereda-Alonso, C. (2009).
Kinetics of the chemical reduction of nitrate by zero-valent iron. Chemosphere, 74(6):804-9.

Torabi, M. and Mokhatab, S. Principles of designing chemical reactors (Volume 1). Publications of Jihad
University Industrial Unit Amir Kabir. First Edition, 1999, Page 111-150 (In Persian).

Tyagi, S., Rawtani, D., Khatri, N., & Tharmavaram, M. (2018). Strategies for Nitrate removal from aqueous
environment using Nanotechnology: A Review. Journal of Water Process Engineering, 21, 84-95.
Wang, S., & Peng, Y. (2010). Natural zeolites as effective adsorbents in water and wastewater treatment.

Chemical Engineering Journal, 156(1):11-24

Zolfaghari, G. (2018a). Risk assessment of mercury and lead in fish species from Iranian international
wetlands. MethodsX, 5, 438-447.

Zolfaghari, G., Akhgari Sang Atash, Z., & Sazgar, A. (2018b). Baseline heavy metals in plant species from
some industrial and rural areas: Carcinogenic and non-carcinogenic risk assessment. MethodsX, 5, 43-60.

Zolfaghari, G., Delsooz, M., & Rajaee, S. (2016). Study of mercury pollution in water, sediments, and fish
from Hamoon international wetland. Journal of Water and Wastewater, 27 (5), 25-37 (in Persian).

Zolfaghari, G., Esmaili Sari, A., Ghasempouri, S. M., Ghorbani, F., Ahmadifard, N., & Shokri, N. (2006).
Relationship beetween age, gender and weight with mercury concentration in different organs of
Chalcalburnus chalcalburnus from Anzali wetland. Iranian Journal of Marine Science and Technology,
5(3-4), 23-31 (in Persian).

Zolfaghari, G., Esmaili-Sari, A., & Younesi, H. (2011). Surface modification of ordered nanoporous carbons
CMK-3 via a chemical oxidation approach and its application in removal of lead pollution from water.
Proceedings of the 2nd International Conference on Environmental Science and Technology, Proceedings
of the 2nd International Conference on Environmental Science and Technology, IPCBEE, 6, 174-178.

Zolfaghari, G., & Kargar, M. (2019). Nanofiltration and microfiltration for the removal of chromium, total
dissolved solids, and sulfate from water. MethodsX, 6, 549-557.



T Calghiy gl Cadgd joili (S gil)S s 105, la1g5 9 sand (g3 — sole)

Synthesis of clinoptilolite nanozeolite granules modified with ammonium
bromide ligand to investigate the efficiency of nitrate removal from water in a
continuous reactor

EXTENDED ABSTRACT

Introduction

Nitrate is one of the most common chemical pollutants in underground water in the world. Factors such
as nitrate fertilizers are the most important source of nitrate pollution in surface and underground waters
(Atabati et al. 2022). The disposal of untreated urban and industrial wastewaters into surface and underground
waters and the discharge of waste water treatment plants and the excessive use of nitrogenous fertilizers in
agriculture have caused an increase in the concentration of nitrates in water environments. Today, there are
various methods for water purification that can be used in this field (Zolfaghari et al., 2011; Zolfaghari and
Kargar, 2019). Among the methods that have been used so far to remove nitrate from water resources, we can
mention chemical reduction, surface adsorption, ion exchange, sedimentation, membrane-based separation,
denitrification, chemical precipitation, and reverse osmosis. Natural zeolite adsorbent has fine pores and
consists of aluminosilicate. Also, high ion exchange capability, high efficiency, quick and complete removal
of pollutants, easy access, and low cost are other features that make this adsorbent one of the best adsorbents
for nitrate removal from water sources.

Material and Methodes

In this research, Clinoptilolite nanozeolite granules modified by hexadecyltrimethylammonium bromide
surfactant named HD-Clinoptilolite were synthesized. For this purpose, natural clinoptilolite zeolite from
Sabzevar region was first prepared and Ball mill was used to reduce the size of zeolite particles to nano
dimensions. In this study, a continuous reactor with a fixed bed equipped with a peristaltic pump has been used
to provide the necessary flow to remove nitrate from polluted water. For adsorption process, a continuous flow
reactor with a diameter of 3 cm and a height of 54 cm, for investigation of pH parameters, flow intensity, initial
concentration, and column height have been fabricated. A Uv-vis Array spectrophotometer was used to
measure nitrate. To determine the chemical composition of zeolite from X-Ray Fluorescence (XRF), to check
the crystal structure from X-Ray Diffraction (XRD), to determine the size of nanoparticles from Transmission
Electron Microscopy (TEM), and to detect the functionalization of zeolite with surfactant from Fourier-
transform infrared spectroscopy (FTIR) method was used.

Results and Disscusion

The images obtained from the electron microscope show that the nano zeolite particles are in the range
of 50 to 400 nm. The results showed that with the increase in nitrate concentration, the adsorption capacity
increases from 3.16 to 21.95 (more than 30 times) due to the increase in the presence of nitrate ions. The results
show that by increasing the height of the column containing nanozeolite adsorbent, the adsorption capacity
increases from 54.04 to 63.38 mg/g. As the height increases, the contact time between nitrate and zeolite and
the number of available active sites increase. The highest adsorption capacity occurred at a concentration of
200, pH equal to 8 and a column height of 54 cm. At a column height of 54 cm, the adsorption capacity was
equal to 91.26 mg/qg.

Conclusion

The results indicate that the clinoptilolite nanozeolite granules modified with ammonium bromide ligand
has the ability to remove nitrate from drinking water to a high extent. It is suggested that this study be done on
a larger scale and in fluidize bed columns to compare the results.

Keywords: Bohart Adams Model, Continuous Reactor, Modified Nanozeolite, Nitrate, Thomas Model, Yoon-Nelson Model.



