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Abstract

Clinoptilolite is a cheap and abundant zeolite. They are alumino-silicate that Received: 28 April 2021
play important role in water and wastewater treatment. The clinoptilolite are Accepted: 7 September 2021
characterized by using XRD, FT-IR. The best method of modification and Page Number: 7-20

operating conditions were detected. Clinoptilolite was papered from
Manzarieh (Qom Province) and then was crushed by ball milling to reduce
the size to below 400 nm. The spectrophotometer was utilized to detect the
removal efficiency. Addition of adsorbent to solution containing nitrate and
sulfate ions has been carried out with the thorough investigation of main
parameters such as type of modification, the amount of adsorbent to pollutant

concentration, contact time and pH. The results show that clinoptilolite has Keywords:
important characteristics in removing ions from water. Furthermore Clinoptilolite,
modification of zeolite can improve the efficiency of adsorbent. Type of Adsorption,
modification plays an important role in removing total iron and phosphate

ions. The modified zeolite can remove nitrate up to 94% and sulfate ion up to Slflfate'

98 % at different pH and concentrations. Increasing contact time could Nitrate,
improve removal efficiency. The ratio of adsorbent to initial concentration Langmuir,
and pH were investigated as important factors. The study shows that Freundlich

clinoptilolite can be used as a promising and low-cost adsorbent for removal
of nitrate and phosphate ions from aqueous solution.
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Figure 1. (a) SEM image (resolution of 50000) and (b) FT-IR of natural clinoptololite.
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Table 1. Modification of clinoptilolite adsorbents with different solutions.

T ™ g
I
s 2 g2 g
X = T T
= s = =
N = N N
=4 = o o

0.2 M KCI

L
S o
2 S
z g
S =
< = o~
= =
=
=2

T
) 8 —
O O
< e I
= O E
g = |8
o

S11 S12 S13 S14

Hot distilled water
0.2 M H2S0O4 + HNO3
0.2 M H,SO,4 + NaCl
0.2 M NaOH
0.2 M (CH3) 2NH

L ol pials g celn 8 o jo Slidgw soo,s YA B>

FURCIIRVIPESC PRV WL RERNSUR VIR 5 IRPHRWSATAIN

SN YN D o 5o ean VT sazme idu el Joloxe OO o
Oz e oS Jes 4y e 4 b o0 S50 (2954 Lol
Iy @Y Bio wo 0 53 52 Lged g oo rdiges plu 4y Cod
38 cov g ool KCI Sai U 50 O3l ol oo jls wladgus g0 5
3l ool wgad (YU [l SLS cely a5 0l S 5900
o= Sis 4 Sl aseice ouuS ol slo Jalowe (s A lae

38 leaily 5 09d o yadiaST 1 Ble (59558 5B Hea 50

75.
0.4
64.7
55‘7 ‘

Sl 0310 & [WIRW
Zwl 00l ralS cada |

10hr

65.4

10hr

23 76
65,3

683 70.6
64.2
61“ | | | 5“ |

625 613 e 58.9 59.4
45.7 43, 5 4
I I Si?

315 514 513 512 $11 810 89 S8 57 36 55 S4 53 52 81

e Ol a8 Sl 055 )0 ()0 S SiS pliaa; lgo dlwsay aiges

Pl 5o 3l (LS plsean avgy 39,0 LS e b

Do Byl p abSaS
(0) Sy s (@) Slidges g Bi> gl azas sl (Y) S
5 el Cels Ve g 0 loj g0 y0 sl sladls dlwga
el 00V Cle 4 Gl ke Gyee DIC el Lo IS o
Sladgs Bio loaily .ol algs ool by i dalol jo oS
Sl lime =l &S Sl TYDIY sg0> [0 oauiizdlol &gad )0
Sl Cewlay a5 iz 0gd co yiion calip Mol sladl>

IOl oml s s o0 055 2l 05 s @ (YL oy
Shr
60.3 g3 5 61,3 61.2
I ‘ ‘ ‘ ‘ ‘m‘i
$15 514 513 512 511 510 59 38 S7 86 55 54 33 52 s

5hr

73.2
0.6
624 25 67.2
54.8
a8.6
‘ ‘ ‘ ‘6‘1 ‘ ‘ ‘ .9‘2 45.2 “2 “2

515 514 S13 S$12 S11 S10 %S9 SB &7 S6 S5 54 §3  S2 Sl

515 514 S13 512 S11 S10 59 S8 57 S6 S5 S4 S3 52 S1

D/C=18 pH=T ;o Alids buddi sl slacila icugan aelaa ) r 90 Glo)y yo @il yids (b) g ldd guu (a) (g9 Baa Y S

Figure 2. Removal of (a) sulfate and (b) nitrate ions by modified adsorbents at t=5 and t= 10 hr (pH=7, D/C=18).
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Figure 3. Effect of contact time on the removal of (a) sulfate and (b) nitrate ions by natural and modified adsorbents (pH=7, D/C=18).
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Figure 4. Effect of pH on the removal of (a) sulfate and (b) nitrate ions at t= 5 hr, D/C=18.
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Figure 5. Effect of D/C on the removal of (a) sulfate and (b) nitrate ions at pH=9.5, t= hr.
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Figure 6. Langmuir isotherm results on the removal of (a) sulfate and (b) nitrate ions.
(& i
4 1 oT=288K .«---" #T=298K () ® .
1 aTe313K 35 9
35 1 & . T A AT=313K o -
3 1 *T=313K . o ‘g e E2E . * . " ‘ ..... N
A T e e
25 2 IR - 4 5 Al
¥ L. A o = - +
[~ S X A ¥ 2 Ak et
= 2 o A _ATTE L% & o e
k) R 2 = e e
15 - j"_*,.’ - 15 . *
1 * 1
05 - 05 1
0 T T T T ] 0 T
15 2 25 3 35 4 15 2 25 3 35 4
Log C, logC,

@

Gl i3 (B) 9 ol geu (a) (93 B waal Sy il g 8 p 58 9l gl Y s

Figure 7. Freundlich isotherm results on the removal of (a) sulfate and (b) nitrate ions.
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Table 2. Results of Langmuir and Freundlich isotherms for nitrate and sulfate adsorption.

Freundlich

ENEE RN RN

31.65 0.123 0.911

1.65 0.069 0.849 1

69.35

76.46

Langmuir
Pollutant

0.818 0.427 Sulfate

0.958 0.211 S2 Nitrate

O3 B3> sl 0)ls g lnde 5 Ll (< )b ggi g (e
D0 3by Bi> w0 yd wb Gl O3l (e 4z e Slilse
50,10 gy At Jlade Ol e BAs gl &S b o
VA ol oo VT w Ol cdalé o g PHEA/O o age Lo
Ba> 5 LAVIY plp SIS e Bde el O ol uled loj g
slep,isnl mls Guzed el Cass 4 7AVIY ly Slalgw (g
VEIES ol gl i b b, 35T o a8 ol Lt s
S Sl 05 2 08 (oo FANG g 5 05 2 05 (e
Glo LS plas a5 ol (pl bamslis geSY Jaw b aosls
CdseyginlS oS ol (L mlad o )lee S00Sy b i

cdz YL sleaily 4 OL..:T PRI P R P R VPR WX O P

O3 B3> sl e D3 35 e (e Amlie (1) Jour 5o
ools Lt it gzrlie 43,500 glasdle b Sligw 5 &l
gy 5l eolaiwl el as i Jaaz 5l a5 e sl onls
ailgs e Wwoa¥T (VL B 2l 5 o)) Jedods (xelo

A3k gl g e D3l

S5 azas A

PH 5 bl lpme conio¥T e cle) b 51 caizeo sla ol

el Sl g g Ol is slacyes

9 o Jole sloog, 57 Sauaoyg xSl SUG p (5 S

sl 95lS Sl 3kl b 00T (s ghone jl ol s 9 Slidgas 090 B3>

Alide glacdls Hl bl b Lao..s.'a:aﬂ Saa d-t.u:\\s.a AR FREN
Table 3. Comparison of pollutant removal by different adsorbents.

Adsorbent Pollutant

Operating condition

Removal (%)

Silica Sulfate pH= 6-9, t= 12 hr, C= 30-45 mg/L 91.2 [38]
Carbon nanotube Sulfate pH= 8.5, t= 10 hr, C= 60 mg/L 97.5 [39]
Chitosan Sulfate pH=9, t= 4 hr, C=25-45 mg/L 94.6 [40]
Activated carbon Sulfate pH=5-9, t= 2 hr, C= 40 mg/L 96.5 [41]
Graphene Sulfate pH=4-11, t= 8 hr, C= 50 mg/L 98.4 [42]
Current study Sulfate pH= 9.5, t=5 hr, C= 45 mg/L 97.2 -
Alumina Nitrate pH= 4-10, t= 12 hr, C= 65 mg/L 89.7 [25]
Bismuth oxide Nitrate pH=9, t= 8 hr, C=30-55 mg/L 83.4 [43]
Silica Nitrate pH=5-10, t= 3.5 hr, C= 50 mg/L 82.7 [44]
Activated carbon Nitrate pH=8.5, t= 4 hr, C= 40-60 mg/L 97.5 [45]
bentonite -Fez0, Nitrate pH=5-9, t= 6 hr, C= 60 mg/L 91.3 [46]
Chitosan Nitrate pH=5-10, t= 8 hr, C= 45-65 mg/L 94.4 [47]
Current study Nitrate pH= 9.5, t=5 hr, C= 60 mg/L 93.3 -
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