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Research subject: In recent years, due to limited water resources and the
extraordinary increase in nitrates in the environment, efforts to remove
and control in order to benefit from the natural adsorbents have been
made. Although according to the negatively charged surface of bentonite
particles, the adsorbent needs to be improved.

Research approach: In the current study, the adsorption of nitrate
columns by the modified calcium montmorillonite adsorbent was
investigated. Furthermore, in order to change the surfaceload and increase
the adsorption efficiency, three-step acid leaching, oxidation layering,
and loading of the cationic surfactant hexadecyltrimethylammonium
bromide on the adsorbent were performed. Molecular interaction and
crystallography of pure montmorillonite and synthetic nano-adsorbent
(ACZ) were characterized by Fourier transform infrared spectroscopy and
X-ray analysis. Moreover, the morphology of ACZ nano adsorbents was
evaluated using transmission electron microscopy and scanning electron
microscopy.

Main results: Nanoparticle compaction and less access to pores and
cavities in the fixed bed column reduced the adsorbent capacity inside the
column compared to the discontinuous system.

The results showed that an increase in inlet concentration from 80 to
150 mg/L increased the adsorption capacity from 67.39 to 88.25 mg/g.
Reducing the inlet flow rate increased the penetration time, interaction,
and greater access to the binding sites for nitrate ions and finally improved
the column performance and increased the inlet flow rate reduced the
adsorption capacity and breakthrough time. Therefore, the adsorption of
nitrate ions by the stage of internal mass transfer is controlled and depends
on the duration of interaction and the possibility of penetration into the
active sites. With increasing the bed height from 4.2 to 9 cm, there was a
significant increase in adsorption capacity from 60.608 to 77.167 mg/g.
The effect of detergents and recovery showed an absorption column; After
3 leaching steps, acid leaching played an important role in increasing
column recovery. Experimental data with correlation coefficients of
R%>0.95 corresponded to Thomas and Yoon-Nelson kinetic models. In
this study, the ACZ nano adsorbent column was proposed as a factor for
rapid removal of nitrate ions from aqueous solutions andreuse. In order
to use this system to removal nitrate ions from the aqueous solutions
and groundwater is require compliance with environmental standards of
adsorbent waste.


https://arcpe.modares.ac.ir/article-38-46212-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-11 ]

g0 WL daw gl Ol yid (99 SIS Sl gt g Dl liao
ouws ZHO! Cuighy 390

Tl S Lo dlase T 60 g0 ol ppeis Gl St ¢ i 90 (o3 po

colidod g pole axly ¢ s lasre g el molie caSLaily ¢ sy Lasre (6,55 (ggmeils )
Sl e olis ¢ (codlal ol ol
¢ ool ST ol ¢ liizes 5 pale alg ¢ oy oo g (cmabs golie saSiiils HLoils -
) olrle ol
Ol e ol ¢ ol l3l slRasls « les Jlads 9y ¢« cand 0aSiisls jLzils =Y
¢ QI).QJ oisls « Sy e ‘51.»53 EMoazs saSzsls « Sy e (g0 03; )L_...i'.jb -Y

RUSIRRRY

2 Sl Jserased Gl 5 (ol e Cusgume oy o3l ladle o
ooy Slwly o 1 JiS g Bdo 9 Lateds (gl Sl N o ne
el ama g L bl cwl a5 ©j90 (o) b slaoil> |
)y Oyg—0 OA_M:C)L@‘ ijb)ywy uoL> .Ia_wji‘ u‘)_a.;u ‘539.»._“:
A codz 205l alidl g e ) s e taiedy uien 23T 1,8
(Surfactant) Jldphaw 5,05l 5 (55,0051 5 ASOY ( gedawl al> o
o el L3l (g5 dleg  psigel e (6,5 ol S0 (SlS
S5 2lzgil g padle Cdgh jpecige (omilid sl g (H9Sge S o
Oigeed DD lbid SOl (695 oS g &g B (Heimiel L (ACZ)
Sl s 0a VT L agalge 5l on 9 J8ACZ w3L>4b (Morphology) L,
il So9e (S9N oSy S g (hag (S9N (9959 Soe Sl eslinul L
S g 50 Dl a5 Al Ay ;50 oy 9 D36 L So s 0l
Sl a Sl giw g0 Ll iz a8 )b nalf caw el
A A 5lgog,9 S chale pol8l L as oo lis mols ol awgnls
el i3l Gile cd L AIYOZ o SYIYAZ 5 54 )0+ mglL g VY-
e red 5 G oS98 Loy Gl e (995 Oz (o0 BlS
So—tr e Sl )3 9 Ol slapg sl Jlail sladoe 4 5 e
D3> bbb eals (63959 Gl (20 Gl izmes ol (g 3, Slee
.Ia_wjﬁ‘ u.;‘)_».;u 6uux s.)d._> ﬁ‘fLu il o‘l,_o.bd.a ‘) S uLA) 9
o FIY Sl s gl )| o ol L el aly Jlad slaolSle 9,0 an
s YYNPY mElg an £/ A 5l ods cd,b 1o wgume i394 cm
o= ol plias ods Geiw bk Jolie slasd g oo &9_’: U DR
Bl gt (b Gl 50 (ete G (Bl pgial Al e ¥
ooley (S Jae 50 L R™> +/A0 S colpo b (o0 sloosls
Olypeds ACZ 3Lz il (g ol gl o cdls cdillas (ygdi (59 9
8o 0 zme oolaiuwl LB b T sla Jakoe 5l ol s e a0y BA> Jule
Sl e golwlas lm aslelws sl 5 eolaiwl jgtaieds ol sleaiey

ol s
P35l
ok 20
o 85|

Oy =09 9 ey

HEA P Ly PLowes S

0 l.taghavi@srbiau.ac.ir



https://arcpe.modares.ac.ir/article-38-46212-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-11]

sladaome 5l ,de sl Sl 5 s Laggsl iVl
ool Lo 5 gl o 0,8 aladl ]
B> gl Laodl plw g o imdol sla ) 59,
S a ols oo alom sl ool oo alowl Olis (e
ool csgin EDTA L saidol 5,8 )
L s sdlol ey Jlay B Soppils s L
el sl 5 anleg psisel e (5,5 JodliSo
Ogim cewlio b LV V] s 56 Ll 4 5l
L 2o ol ehile ol ks a0 lssi o 2
O3 Bi> gl ;0 .l Cews 4B s les
= Gy e Saliys (g g S
ol 5o o plsl e 3 Lo 5l purolite A-520E
At Slalgs g 05 Slagygy j9ml (Gl
@l 5b D3 g Ol 9 i e b
B> aie o iios o] 51 e V] ol aslas
Oy Sl oaliil Ly (e 5 slao ] 5l ol 9
purolite A-400 bl e Sesl ), ol o3l
clogi sloJow auglie iagh ol jo .0 plol
A (o) 2 L?—“’)ﬁ*J 5 Sy~ Galol - Lasy
7508 Joe 93 0l gt g ey Jue ol Lot ol
Sy | Lo el s sla g (i
05— 0,55 sl Jome Lo ailie ;o (5,5
cble e e e B Ll e plod 3
b g 5l (295 Ol sz 5o Sload Jloy
O 3l oslaiwl b —aagh b DAl 0,8 o
(ol STl Ly oo ools Aty J piish ST
adlas ol gl o sy Sl ey B>
b Cemg gola ) Jlafe 4y i al B ol lis
oless Jo— 8 5l 6550 g2 a9 Sl Jgdome (0
i3l Eel b e Mol V] S o 590
Sl glacolw olBly ) sl o a Lol
LSt 5l ol 098 (oo Looygll (o Sja 3
sybaieds ) e oa Sl sy el o
o i ssli il (] sl Jsbre 5 &l gy BA >
~ 050 Sl e i i ST Gieaghy o
Veobws gl od pp S (ool + o aJgl oLl pH
Ival ol cewoa 3lzgil 5l o, S /Y Jla e g aaids
oy S alwga Ol Bim a0 glaslae
o> 3> ] 6l Jslos 5| EDTA Ly oais Mol 5o 3
S ol i mals oob S O o sl sla SalSlas
Lg pials Lo Saldlae cbile polBlL Qi a8
Ol s Bis e NN Y] b oo Liol 3l pH ials
b oy slaS 5 eslan il Ly ol sl O 5
vy codgin SlaMol .cowl sois plosl s #lol
5 Jle s ¥ S psils del (Jla 3V Sy 15 el
Al ol g cd S Syge Jloy bS5l s
S gl gmianl L 2ol 45" ol gl 5l (S o

e Sl e i Cull i gt Slalllas

doddlo )

ul_._'> u_.k‘d.v‘ )—b [ R P NENY) 009_” u—l d)_.a.n
J_A‘B.C a u] M..S 09_...;‘54 od_")' u‘bj_?j.o
100 a8 8)ls (Ko (S05d g 2l (S3gls
Sogll (s g (65,0liS (Sl calize slacoled
O39S (g yoanST ol g 090 o ol
HDU .b)L) )9_.5_7 r'...».‘o le.b:\.ul.nl_w B S ol
slossS g9l 6Lﬁu1)}® 3 ‘r..»l.) da e o ol
(sl sladols 5l glatags ‘_,’Jojﬂ (&39S
Gilwdels wile o slaanl b sl ol sloailon,
hd sl e il izmen 9 55l Slogs
d‘)—"" l_| 6‘_0)3—)9.0 9 uolfgfu 3o )lf 9 Cds ails
Sz o)l ol slaplb &yevas ol o a S
P B~ P O] L g\ Y WL | P B | R VS
Sl 50 9 Sy A s pyigal o (T (39,0
0= YL Sl Jdods g 05-b oo Jmod Ol s 4
ein) slacl gy 4o S bl ol o ol
3 Sl Y, olie Bae N ol o Jli!
alolw 3l o S0 mdl (i e Eely b Ll
=0 5‘;{‘)'0&).9 uﬂ_J)sl ‘A_l”ol)‘ uﬂ_bls —o—w Lbr:‘.b u—l
o IV og e g S0 (i L iz 38505
= Sk Jle ol aclale pliél Jls o
Oy 32 S QT u‘)—o—ﬂ )‘ ‘be)lSJb‘) )‘ oolaz__wl l_v
0+ mg/L ,—; WHO) She cdlogy lojlaw lawss
mg/L «(EPA) 5 ol s jlame o blas ylojlw jo g
Y SIS | ) INCHU PV ST NISOPS S UK S TR
Je—ailis 5 g lab Yo e Pl oy (g0, 5 28
A 08 slaaiss Ly eSS 5 Lo wdis sl 1508
Sl by slagis) ejsrel s i ISl Gl
g Jols L] Jlss 8 st esliul ay le5 oo
oalgl V] lugns clias 5] b i o]
Siz 0,5 o)l N slead ygnwlSi 25 9 [V ]
90 S yidos Jad 10 0lgs mazed aiy] 3 ora
s e L (6,85 (05 oy g ol
A!l_. g_AJ_‘> U)JJB u.c)_..u 9 Sd—x0 o.bl.n.,_..uls l_._'>‘
Sl e mhaw oy s DY as s 00 )5 s
A ol byl b sl o 5 0sS o o —al aie

QY ol - o i 50 e g (ol Ay (o (AR g R (ade aolibiad


https://arcpe.modares.ac.ir/article-38-46212-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-11]

e Sl ey i Coll i gt Slalllas

slogalbl gl g b 792 5ttt
Oy b 0olil ol (235 g 5l Cigh j30dge
bl Ol Ve 50 Sl jgatige p, S Y- gLt
0350 cmmbtlie oy ied Jawgl el S Sas 4
A, i Ve e an (B o adides Jodoe 0
Sl S ol S el el 3 olae 0l
Coles jo ol pdiad B, b as (0 59,0 (b (9,

wb gl B b a sl ea b pidas olge

oxide ACZ (Activation) w3l>gib g jLwesle] Y-
Clay Zinc

5 e oLy st ) Gy Cish jg0ige memdS
5y el VY Eos ay Sy sl sasiipnl e ol
L (LT ZEISS &5, M54 Jae) (cmabline oy5on
9ol bwg g obools Jl, B a B8y ;0 190 VO Cae
gy okl 5l ey QL 58 s s Shgel
F6000FurnaceUSA Jo s Lo 0,55 o al>y0 g0 b
88 oC 5 Fee glales yo 5yl jo a5 el
3 09D agd CM sl j50 Csge el gils 5 <88
GRS, g BT OY Qi s o il (gl aeldl
PPN BT AY sad> e o odndy plosl (e
B0 anly i (e Ve e L asl # gy, il
i a0 oo Ly 5 0,5 4SS CM 1, 5
o Ladiged 0 oS pH~Y (g5, Yoo S
lod Lo 055 50 jguis il g ,aiia 0T Ly gty
g8 5l F gl ol S sl s Fe e
Omylr Sdgh jselise (55; G ST Cmlid o
59l P39 a2 Jgdome (S NSk ad> e o 0
po—sigel J=to 6= JowiliSa (5l Jladpla
a5 ablol g laSaY al> o Je—ame a |y aleg
Sy oS clwa >0V oo poel VY Co s
S g ek L 59 ol Jylone Ly 5 o odls 1,5 5e
3 o Ladigad 5 gl gmiind ez gozx> ) an )
NI JU 30 I g BV WSS\ Ry~ B RSR PUV- T & HW
ACZ 3z gl sla-tigas (ol ;o o Lt 55, ¥
0a—sl,45 (British Mesh. No) 22 o,le— &, 3l g 0, >
Iv] o 5 1,8 Cis slaygiw o solizul gl g

o i w3l il ilasuine F-Y

Sl saal it (o hole (slsog S (o jp—Laren
Slead s Qo «oly35L ojlasl g (598 wg Ko
Fourier Transform Infrared) FTIR (slaolS o
S al oS SpectrumeGX Joas (Spectroscopy
FESEM) f:+-f-++ cm” zo o Jsb odga e ;o
Jua—e (Microscope Field Emission Scanning Electron

Jlay ¥ Syl sl 5 Jlay ¥ S5l o
oo sl e desy 0,5 o b [VF] s s 1,
iz 3 amlegy pedgel e 65 JodliSa Lo
)y Oy té_"‘ 6LQJ917DO )‘ u‘J_w u..x_'>|5 9
P VS BN K SR VS VRN R PAY IRCHIE YK S
A—palle s o o2 ydepg 5 gl g
Gt oyl b ol sl sl Sla 8 ey g il S
Slad G99 Sl e iz Sl o S e
Gty oy 5 50,5 Lo YYAAY 5 \Y/F40 s oy
Ly ool sty B mols an asgl [¥e] ol
J=doas csain 3l oolaiwl pgas o B oy 09,5
ol sl s (T slagsy o 5l VL iz b b
ol o ol Baa YV -YY g ¥] T sla gl
Jooe adgl elile gla el ;50 (o) o gy
Ci2 a1 699)5 Gl (0 s L0955
Iz bwgi Sl s G 090 Sl
SRSL s oS Ty (Sl
po—sel J—ie 6= JeoliXe (55 Jldha
‘S—MJLA.&-AJQ-A?U) 9 Lg)L}L.w Oladlas .cl 039 J._:Los).:
TEM. FTIRFESEM. sbaolXis Lawss ACZ w3lagls
A i by =k ool 3 0l sl XRD 4BET
sybieay by plonl (s Baeul 5 a9t (i) 90
sleJoe i iz auld Soaw sla Sy o)
&0 r)l5 San ab esliil gk my9m 9 lag
S Olmd g A Ba> (6l a8l L o g

] 039 ‘5_.’1 dL—“’Jsl’“

SLNETTN
é‘g.o \-Y

Y(Zn (NO)) 4l # (55, &l )=t «(KNO,) possliy &5
GO S S VUV V- SR V%1 L gy | P L N ‘?HYO_
NH.OH 3NaOH H SO  (HDTMAB) rx_s"Lasﬁ po—sigo]
asllas ol ol gl B ldl S es il
ul.v‘)_w ul.»_......lf ol_‘> uol_su» )‘ ‘f‘)M‘ u_..:9L)9.AuJ9.A
Yl’_; u"ﬁ—l’-’ 9§ SmeS Jmdod iz (Ll o &8l
ol 5l =l o Jslore —oles A (gl as a5

!l sod solaz_wl )_'a.tbc

oy = (o (oiien (69, Sb Gieglr (sl ah) o (oA (oele aldad QY


https://arcpe.modares.ac.ir/article-38-46212-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-11 ]

vilve @

Figure 1. Schematic&pilot Images of fixed bed column ACZ used in adsorption study of nitrate ion
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Figure 2. FT-IR spectra of CM& ACZ nano- adsorbent
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Figure 3. XRD patterns of CM & ACZ nano- adsorbent
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Figure 4. FE-SEM images of ACZ before(1) & after adsorption process (2)
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Figure 5. TEM images of ACZ before(1) & after adsorption process (2)
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Table 1. BET parameters

Sample Specific Surface | Average pore Pore volume
(m?/g) diameter (nm) | (cm3/g)

Pure bentonite

(€M) 102.22 31.216 0.1901

Nano

composite(ACZ) 168.17 11.69 0.3824
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Figure 6. Effect of inlet concentration (120,80 and 150 mg/L) on the breakthrough curve (inlet flow rate 4mL/min,
bed height 4.2cm)
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Figure 7. Effect of bed height (4.2 and 9cm) on the breakthrough curve (a) inlet flow rate 4mL/min : and (b) inlet flow
rate 8 mL/min with inlet concentration 120 mg/L
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Fig.8. Effect of inlet flow rate (4 and 8mL/min) on the breakthrough curve (a) bed height 4.2 cm:and (b) bed height 9
cm with inlet concentration 120 mg/L

Sl iz glaggiw 2lhb jelied Go—adi -5
9 o, by adolee 5l ulogs (S Jame .l 00
o 5l i Jolss g (aiSTy (09 pgs 4z yo o8 L
2 DAL o (59, s p5m0 (ST (30 a5
pr JULil 5 slo)d 90 o JLiSl Ccaglite 51 Jos o]
Gy am Ddr Ce 9 05D s (hpeede (g
S 23z (Ul g i slacad b oy (xbs
30 wleg Jose 3l saal cws-ay sla il b [V ] 5l
g L.l oo oals 4Lis (V) Jeoz g (VY) Sl
03gime ;O (Siwo® oy 0l (V) Jguo 4
e 4 g El ol e +/AATF L - [ABYY
GRIRIL Golegs e s Sl plie 0)l0 (S (53959
5 Sl ey JLasl Csglio ials o (o
Oie Wb oo ol Q Ddar S8 b o B e
GAlS Ky lagi ot s Sl ) G2l L
Ol wmliee Gl Q, iz 8l S
8l 5 i gLl Al L el e g nSCs
OF— L=l 6l s St ol ol ol 4l
&l sl logl Jsle YL o,z e el 5L

vl s de ) VV/YS mglg o) VYA VTN B ARY 4
O yg—o l..(bu&l> QS’HM‘ ¢y g oo)'l.g L)M.:‘).B‘ 6‘)—’
w2 o)l SLs wils ol sl [¥] el
Syt Sl 5 sy il Ly sa il
oad Jlsd 50,8 lwog sSUl oo (o BA >
Sl e o gl CTAB sl Jlbphaw Ly

Iveva ] ols e 1) Uig, ol Y o],

)L.\.';_mgé 9 )lf)l_ww) é)—g-ﬁ‘) 39—5(5‘395 A l—mu")
$9) = 48,58 g0 SLol (g ai )l Cn sl
2 588 slaJldmbhw 5 555 g0 co— Loy

Iev] el ooy Cils wilau 5 Sl

Qd a8 oy V=Y
SLedbl Hly ea Laiolejl 5l oo ol cwods 7zl
S8 eolaiul 05 codm slaygiw b o gl
5 ooy (S slaoe (ipghy (il )0 0 =S e

QQ ol - o i 5 e Giagh (ol Ay (o (B9 R (ade aolilad


https://arcpe.modares.ac.ir/article-38-46212-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-11 ]

e Sl ey i Coll i gt Slalllas
1.2
(@)
1
0.8

0.6

Cout/Cin

0.4

0.2

0 50 100 150

Increase the flow &
decrease the height

== H=9cm, 4mL/min

—&—H= 4.2¢m, SmL/min

200 250 300 350 400

time(min)

1.2
(b)

1

Cout/Cin
o o o
=S [=2] oo

o
(%)

0 50 100

Increase the flow & the height

et H=4.2cm, 4mL/min

=== H=%m, 8mL/min

150 200 250 300

timalmind

s AMLMIN. & ¥/ 5 (53955 0byzr (20 I3 @) CenSd (ionio p yis 65| 5 (53955 Shss 0l (20 Oloy @8 s 3l 8 S
clle Laom ¥V ) cul i glas )l aoli3l g (A mLmIn a4 F 51) 60555 b, o8 Ll D) (Y cm a8 ) s glas )| als
VY- mg/L 34,9
Fig.9. Effect of simultaneous changes of inlet flow rate and bed height on the breakthrough curve (a) increase in inlet
flow rate (from 4 to 8mL/min) and decrease in bed height ( from 9 to 4.2 cm) :and (b) increase in inlet flow rate ( from
4 to 8mL/min) and increase in bed height ( from 4.2 to 9 cm) with inlet concentration 120 mg/L

mg(g wlogi Joo iz byl o 5 s g (o) 2
el s )5 eyl mols b gollae «/VF
oS 1il Ja gy Ol s e BA > S0 glasllae
L ool cwoay a8 _iulo;l zolis .o—s sloul PAN
e g 4Bl (93 Gl elegd (St Joo
5 Ol Ky elags ol (ol o (oo Lil38l L

%Adsorption
-
w

Cy—ze ACZ O3zl (i (59, Sl (o 23
O Bgi Ol 9 Bdo (RS )3 098 o
Tl e d)S 8 s 0550 sk ST L g9l
g 0als ylid wlagi Joao L (Vb ciillas o5 isle;]
00—t ()35 ;5550 b Sla e 55 g 9 Shee
LieglToilb wdls bawgs &l s e B3> V]

Reuse of column

35 -

30 -

25

20

5] I I

5 <

0 _ R _
1 2 3 4 5

Number of reuse
FIY pns 65,1 L ACZ Gl ¢ o9 ol 51 o gisians (F-0) g yhaie s b gt (V-F) ol o bk oloss 5 oaigds g9 51V e IS
aids p e ¥ ao g e tile
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Table 2. Thomas parameters for column adsorption of nitrate ion onto ACZ column

Thomas Maximlfm Maximl_lm ) Input
Revenue Flow absorption absorption | Bed height .
2 . constant (L/ p . concentration
(R?») (mL/min) mg min) capacity of capacity (cm) (mg/L)
Thomas(mg/g) (mg/g)

98.94 4 0.0285 63.152 60.608 4.2 120
98.80 4 0.0283 66.383 66.848 7 120
98.64 4 0.0282 76.634 77.167 9 120
95.88 4 0.0296 60.109 58.166 4.2 80
98.38 4 0.0279 78.288 77.966 42 150
97.66 8 0.0298 57.019 55.066 4.2 120
98.48 8 0.0285 66.211 65.112 7 120
95.22 8 0.0282 75.425 73.750 9 120
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Figure 12. Yoon-Nelson plot for adsorption of nitrate ion on ACZ
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Table 3. Yoon-Nelson parameters for adsorption of nitrate ion onto ACZ column

Revenue Flow Yoon-Nelson T Bed height Input .
(R?) (mL/min) consta.nt (min) (cm) concentration
(1/ min) (mg/L)
98.94 4 0.0285 60.608 4.2 120
98.80 4 0.0283 66.848 7 120
98.64 4 0.0282 77.167 9 120
95.88 4 0.0296 58.166 4.2 80
98.38 4 0.0279 77.966 4.2 150
97.66 8 0.0298 55.066 4.2 120
98.48 8 0.0285 65.112 7 120
95.22 8 0.0282 73.750 9 120
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