1

L™ y
—

)

W o

e

WAV Gl oF o)leds cpao 3l 0,98  aws pole anlilad

YFa-YY-

b OBl 1 oaliiw! b (Saweld] O 51 ol Cde (21,5 duy e
(409l 0 9 (i pow JI3Cud g (S Simwcuole 153590 axlllas) (SigSYS

f‘s.’&)a S0 9 rw‘ u»)Tar‘s.oﬁc &S‘w)” )@b')ﬂ aludl
Ol Sliizs g pgle axly oMol ol5T olSails «(65 5l g Canmr ) Lasmme 0uSLtsld o) Janzmo (cwiige 09,5
Sl (ris)
L)‘)”‘ 5uL».w.lf UL%lf sl ‘4.;[; ‘ajl.c IRUEH K ‘6‘“‘“’ os)f v

U‘)J‘ ‘ULT.M,.b’ Eul.».m.lf oKislo sd)l.w [o?l.c cuSisle (P GMJLW&M&AJ 9 QS“"’L"“JUW) 05; ¥

u‘f‘ ‘Ql).@‘.: sL.O.I).NJ e SOV olKisls o) Ja.».?m 9 (5)5L;-é vyt IRURAS 9).: TP h...?u (g0 os)f ¥

VWAV ANY s Gmdy gl IYA0N /-8 il o b

M Lgl.budb )‘ aOLA.M.u‘ LJ U’JML.J g_)" )| U’Q] ;_)d.> @'}L{ MLAA \\“QV ‘ﬁﬁ ﬁ 9 G‘.r.n‘ T s‘soy.é |° s‘ c@l”‘}}o’&
YFa-YVY. (F)\ P k;c:...'x.a rn5lc dolilad .(@;Jojl}o g S )b&u.y';)lf sblwank (80 )90 axJllao) b.uugfyf

o2l 0yl 07 gr 1y (6l SladSitin oyl oalil (sl o8 Sl lle y3 > (imjny ool jo (el sgzg idus g alislu
9 ONhe 2 938l l0jaiS (laansa Al a4 w3 o0 I3l @35 4 o 1) IS 4 pglie (slapslS g Ss elgil ud)
L 3 s b sl kb el 28 5 (salanST ol o 055 0 a8 5 IS5 ol Bdo sl o9 slagstg, 080 pab s
<l ol Bl oy puli) 5l (S el (b @iz 5 sl il ((205s) Silee s S O 6595
Gk 5l aalsl] O 1 oal i o el o anl CugS oIS wilas Giane ) sla SIS 5l ol b (o i Sl

W35 B (om0 9)90 Aoslye 9 (S p CuigS ol (Gime D3l g0

SIS ol S dls g iy ahaite 10 50 Wil JlocussS ol sl dwls jl cxuds CudgSolS sladiges (B 09y 9 Slgo
> 5 059 el b ganails < V-0 MM S (B L 5 oas (5,518 olSitalejl jo 5 0 (5l aioglye ahaiie ;0 sl il
LgLQLS"M ‘ud.> MT)B LSI‘)LU 9 M )La_e) R ».\A—| Cewdy U)j)—u) ud} U"‘j) 4 BET ).JL’—‘ )l oolazwl lJ 44544 9o ‘_ngo).a?
plxl 4 5V b Joleo PH a0 o ioles] ol s s GialosT 3o,k 5 «ussSolS slaodl> 5 ol Lis ool g (S

W w.,.]au Y. OC )é Lo 9 UB; )‘)5 ubL> Ve Lngu‘),.A L\ u,.:Lo.) )é G’Lbo)ﬁ) JL: ).) u,:zj 65[} ‘5;‘ L_ngLJ}l?m W)

3 5 SasS oIS aigad 53 g celas oS Sl (LAS STl (sladisad (59 i (bg, 4 BET Ul plosl emy g gl
9 IRy 4 w)’i} 4-»-105‘)& 9 U“'>)""J w}{?lf 6L¢e)n> o~ |y TR ] YIAYY m2/g 9 +/A44 JQL&A w).: L Mejlfc ).uGL!] 9

* Corresponding Author. E-mail Address: mgholami.d@gmail.com



o b PH 2ol L aS ol lis Slioles] bt b s YWY MM g Y0V (5 5 4 55 b ya Jansgie yhad g </ ) YY CM3/g
5 o STl 8l i @l aalie Whee GBI xStz jsbay adeslye 5 e e CuisSHIS ol i ce s
sl e s CdgS IS s S 3zl ity oy prlans b 45 sl adoglye CuigSSIS el iy ol (e Aoy
CadgS oS ol b )bl i a0 VYA g MY AVIY s 8 5V B slaPH o aoglie cudsSslS Gl ol i bl
St (slasmmie Ciogi sl 98 5 () Slare alie AlST 8, 6LoF (St slaube e T, b el Sy 5 s
5045 S ¥ oo o 0y25 slrools peads ataS St slaJow sldail 4 ax g5 b Coles o g s oS slasdl> el i
2 ol iz (ol glaosls Grpogi ool Joo (e S (50 Som £9° 47 )0 St Sl iz isTBlS ol i wnl
olyor a4 YT xaw i D4z g caimolis olBgoggle Jaw I G ol e Sl gggly g e sla Jow iS5
)|u’.|a>b.ula ol C}.‘JLJASW‘ QT u—AS-QJJJ.Q)‘ Sl g oo ol O‘)J.«»}ng dl.ﬁwl.o.noyjjublk- Gla...;b.j.o.(bb

P Selshi b elie (2l g ansls Gl g Clgi 5l sy (2L aiesl e 5 e e ST SIS (Sane Sladlr (g S A
ol JSte o sl cad Gl (539, Olsin wilsioo Ol o LT ys8s s azsi bs wyls T Sl el Bdo s aly 5 Cajels
3505 8 600 000 0,90 598 o] sla T jo

'afj).al gu_i.....,_....q m\...aoj‘fo ‘LJ’“’)‘" ‘u.ﬁfﬁlf ‘6'7"]4“’ u..\> 6..\.».15 6[&03‘5

Aodko

Ll 0ds dogs Ve MO/l g /Y oS S slacdale o ;g e glao] jo opal
S I el B> 6l esite slagh, slol o ool Jsexe o3 05800 28l Slite
O3l 2L (gl b 5 GgealanST ol o5 055 oo Clale (glacs g s sl FEPT Jslone 0 (S0 25
Golopy os IS «suadbl b ods e L Colter and Mahler, ) o5l oo )+ =) MQ/L oy Logos

Damangir, 2009; Shamohammadi and Isfahani ) g 05y Joloal a5 aiS o FE¥ S8 adg 5 o
2011; Chalkesh Amiri, 2012; Sohrabi, 2012; N CPRITVIPINL SUPRETUWSITE U IXVA PYRW-SLIIWrS

gy 5l eolawl b k-)“’ 3 U.QT Wi .(Khalili, 2016 -0 odbdind gleax b g Bg,l o astine gloged
g a5 oa3lea Bk ) Wlgoe S)laie aias e Olyin Wlgi oo ol @jg8 Glapiamms ;o (2] 095

slacdale o Jg.05d plol wgd oo JLo (yguml 28 e Dy (ol j0 a5 89, 50 o iSL ol sl 5 5]

21 sl L 59 355 0n oy sk 035 Y LIS b sloassb o g S5 5o 1y (g5 o Y

L Rl Glp i sbodl wdg s, Geios 5 byl cod)l Wl o pliden nl 00,5l 00 2525
&S olodls el ouls wyats cwed 1,8 Jled S 030 ol ol 85 K o s ol eyl

ayn b oyt 5 antl «xils |y Wl b Wiy ol a3 il 1 S G pan 5 wles sl ceslial (slo
w8 i ool O 1 S slals S gl slao a5l bapldges whyan (it oloj 59
5 Cadgy Elgl e amds Slge 4 g3 o e ] Colter and ) wigd oo 5505 slom! s g 00 00iS
5,5 o,lal gyylas Sluls gyl s g s Saelsl Of (gly ool Cgllas clale (Mahler, 2006

.(Kurniawan, 2006; Babe and Kurniawan, 2003) 5 <Y Mg/l o lasln] o doo Vo OY o laslial jo

S laie Lo o)) Ses 9 Sl a5 cigly 5o gy Dlh9 WP a5 0 ] sle g oglhae clale

VWY o) F o )lod e@ao il 0,0 ¢ slasme pole aslilad
Yo-



(Bhattacharyya and Gupta, 2008) 5,5 34

3z p hes g Slex) by 4 oy 50
Oygo ey S 5l ool b T slasloee 5l o5l
Gim LIS PH il a8 sg T slsF s v 5
Sml Jeds @ wlsioe cnl o8 oo 2al38l ol 0
Sl )0 ogign slagn 5 sl ol S,
ol (oS Bd D3l g0 Gl L asl eeely
prorl 3 e glnis B p ol | (Jols slaosls g 8L
(Rahmani and Abbassi, 2011) 5,5 (59, ,855Y

Olre <5 ol s g Lol bawgs &S (o 5o
OlosinS Sile b )b g ool i s
5 5505V sla o s 5l a5 ol LaS il s all
Gk (Jols sbvoslo b iy 59050Y Juw gduis 9
2555Y 95l Slp Ogew S5 copd &S ok carils
(LiiSTy e s (8l aimren el Cawoas +/A4 (YL
ools b G az j0 Saew 5l g poo a0 Siiw
F oogamme yo yal Gde gl PH (p yige ooils Gudas
Syl ol adsl e (Rl L Grizman 5 )5 18
(Radniaetal., 2011) Wb oo Liol38l Cix

S9y o lajls Cda ) Sen 5 B15,550L
PH 5 Ggr @08 dagl adgl clale o CosgSolS
@S (G (pl 5o ol 18w 050 Lo Jolxe
il syt Bl peeSY dole b owdx
P (I1) slagys slp 1) i cad)bs o 5L cuigS oIS
Cd (1) 5 lp |y S @iz 5 ANY MAMG Gl5ee &
Slp ) @iz Ol (S 5 YIEY MOlg e 4
YA 5 Y-V MG/g ;50 a5 CU (1) 520 (11) cloyss
» P (1) slye i psYL ol las
s PH=Y/# ,5 Zn (I) § pH=Y/Y ,s Cu (II) PH=F/¥
ol CasapH=2 o Cd () e o900 0
.(Malgorzata and Bandura, 2014)

sl JSin waeid ()] slaodlr 4 (938l 5L
9 b Slals o Slals plagl g o Gl e g,

S g o1 slaslome 51 D) 5800 5 (1) ol
Jsloeo PH ¢ Sldos (slo yial )by caiols plol zy aingy
Ci> L5 padgl cdale g O3l e (ules ol
@m) @3> oyl op i Wog She 3K g ool
5 ZIVNY mglg () ool e olp cws s odls oyl
ool sty iz Y18 MYlY (1) 35 s (sl
3l pgeSY Joe 0l pgnl oy sln ol
Ol 55 (075 sloosls (rizmen g gdoigp Joe
S 5l 3 o 90 2 iz glaanlp a5 ol
(Zhang et al., 2014) &S oo (S9ym P90 4 po A

eiz 2 OLes g G50 bawgs oS Llaghy 5o
Bix ly codsbiglds b Sy (xlaw
gl s ool (81 5 (5, e e iS00 (318 sl 5318
S o ez o Sl ollg D3l cplas ol (L
sl slne clale o laigFar o )ls wollas (5o a2 |,
Lossy 5 ome e 2l slagy 5l G2SS
i) 1 pS ke VYo 5 Yo Yo Fen oyl clacdile
VP 4y Qe o S Y b uled cel £l e
cil S g s Sk YIES 5 oYY o)
.(Marandi et al., 2011)

100 51 JSiie cud g 655 p 5350 g ool Ddx
5 5l 1P slianl S UV gl gls
raskes Vo 6410 slaojlasl L 5 coisl jgecise VY.
@l 28,5 8 ) 090 eyl g ST L
Gﬂ Jsloe 5l 550 g o] Ba> e a5 oy oylis
S Byg opl adgl clale 4 el Dl Ly
Gyt g 0oy Ao b P 5 5i%ae gl olsme ol 45 ol
Anielak and ) og e doys FY B YO 5l el
(1) ol g Bd> Ly S 4 Ll .(Arendacz, 2007
L lagl oads Jlad 5o 5 odsly j5tige it lS (55,
ol g 2Ul5 SbsS @l wo S (ow)yn 1) sl

s sove el 0099 LA Siow Lo g 4O 93 4> 0

@5 @ 55 lee (al 15 9eSY g gy b Sleses

VWY hine) F o )lod e@oo il 0,0 ¢ slasme pole aslilad

A



LgL&bu.)b )‘ colaiul l.: ‘SJA.:ALM:T u.“ )l u.‘bT u\.\> G,I)lf MLA.A

Ciz wnlB epsnl 5 (S Cdx oo Cnye
s Sl S gSolS il ol (el

W95 9 319
b CaigT S (o SR g (e g
Sl aule | ks SIS latises
S ey o o e 33 55 25 loaisS 518
Soslaaz aioglye alaie ;3 ol wijls 1 JlocaisS ol
SE S olws bawg lacisS oS s> 4
ads Hlaie ST b aiges olKiulo;] 1o L 0 plox]
)0 30 558 3 e 3 Silulaz Lyl a5l olge g ond
S celo £ Soe 4 ol Ksle a0 V20 o)l >
L S5 eolaal Lo Sialesl 8,90 slacdls o

asasls < N-0/- mm old dad L VA-YD gus e

» oibesl alml oloy b Jol> Qile calesys s
(Y 9 sla o) ad (6,l0eS ,95lSws

e g
& ¥
i ;

1\ .

v

o o diliin () o0l 5591 18 CudgS

7

SE G etgae slagny; GRIFl 4, el
ashs sl ooilr by 3 (e |y CigSolS
S nl 0des JSi3 Lo GeseS ladaze o oS
Ol 9525 bl ol S0 0,5 5 Bl shid S
ou ¥l i o il (lole 09,5 (lgins 995 S 5 50
,o (Srasra and Trabelsi, 2000; Hao et al., 1987) s s
S awle ©jga FllS i A CisSelS (ol
JocisSlS Sal  JocuisSslS o olocaissols
aibe bl (Fp 0 g 4l S b osdes ol
5 Oledal lads 5,8 (ot plul S (s98) Gl >
Sas b Gios onl jo Cwl ilopoe BB e
Sl g0 lawgs b.;a,,»L’LT ol 5l el Bas> i duslie
5 e aihie biwIW Siwdule Jase
‘S'QL:S 9 (.ﬁS“:““'“" )Llé) ‘Lbuéb ‘;:Jaw ua‘? ‘d‘{;oj‘}c

e b aizmen 9 LS B )y 0550 0l Dl

SOl digai g (Cawly) (srmb 510 e IE Kocwawlo digos —Y JSCi

Fig. 2- Sarakhs natural glauconite sandstones (right) and processed glauconite adsorbent (left)
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Fig. 3- SEM of Sarakhs’ glauconite. Right: before adsorption; Left: after adsorption
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Fig. 4- SEM of Maraveh Tapeh’s glauconite. Right: before adsorption; Left: after adsorption
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Table 1. EDS analysis of Sarakhs’ glauconite absorbent surface, before and after adsorption
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After adsorption Before adsorption pais
ol a0 P9 ey ol w0 (9 ey Element
Atomic percent Weight percent Atomic percent Weight percent

73.37 56.69 77.84 61.53 Oxygen

0.63 0.74 0.76 0.92 Magnesium

3.26 4.24 221 2.95 Aluminum

11.00 14.91 6.54 9.07 Silicon

1.15 2.16 - - Potassium

9.65 18.67 11.99 23.74 Calcium

0.96 2.58 0.65 1.81 Iron
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Table 2. EDS analysis of Maraveh Tapeh’s glauconite absorbent surface, before and after adsorption
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After Adsorption Before Adsorption pais
39 Moy 39 Moy ) VP 39 Moy Element
Weight percent Weight percent Atomic percent Weight percent
55.98 71.36 73.81 60.43 Oxygen
- - 0.46 0.58 Magnesium
0.63 0.71 - - Sodium
291 3.84 2.83 3.90 Aluminum
21.13 29.10 20.87 29.87 Silicon
0.60 1.16 0.95 1.90 Potassium
3.37 9.21 1.16 3.32 Iron
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Table 3. Kinetic experiment conditions and the results of iron adsorption by Sarakhs’ glauconite

t (min) Cre (mg/l) gt (mg/g) pH Cre (mg/1) gt (mg/g) pH Cre (mg/l) gt (mg/g) pH
0 5.000 0.000 5.00 5.000 0.000 7.00 5.000 0.000 9.00
5 3.455 3.090 5.09 2.849 7.170 7.15 1.612 16.940 8.92
10 3.218 3.564 511 2.154 9.487 7.14 0.855 20.725 8.78
15 3.053 3.894 5.14 1.535 11.550 7.13 0.526 22.370 8.85
30 2.786 4.428 5.10 1.025 13.250 7.15 0.216 23.920 8.80
60 2.556 4.888 5.09 0.787 14.043 7.17 0.161 24.195 8.90

120 2.315 5.370 5.05 0.726 14.247 7.01 0.107 24.465 8.82
LSRR RCERWI 53.70 85.48 97.86
30
—B-pH=5 ——pH=7 -pH=9
25 4
20 1
at (mg/g) T
154 | —
10 1 |
5 0
ot T T T T
o 20 40 0 100 120 140
time (min)
OO 6353k o S e CadigS IS (B i Seila (S -0 S
Fig. 5- Kinetic curves of iron adsorption by Sarakhs’ glauconite
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Table 4. Kinetic experiment conditions and the results of iron adsorption on MaravehTapeh’s glauconite
t (min) Cre(mg/) q(mg/g) pH | Cre(mg/) qi(mg/g) pH | Cre(mg/) qi(mg/g) pH
0 5.000 0.000 5.00 5.000 0.000 7.00 5.000 0.000 9.00
5 3.242 3.516 5.14 2.556 8.147 6.65 1.044 19.780 8.72
10 2.846 4.308 5.15 1.241 12.530 6.68 0.467 22.665 8.65
15 2.615 4.770 5.15 0.815 13.950 6.81 0.183 24.085 8.63
30 2.049 5.902 5.19 0.322 15.593 6.91 0.123 24.385 8.55
60 1.556 6.888 5.13 0.184 16.053 7.12 0.051 24.745 8.67
120 1.258 7.484 5.08 0.116 16.280 7.10 0.010 24.950 8.76
ELPERERCHRWR 74.84 97.68 99.80
30
=B=pH=5 =¢=pH=7 =s—pH=3
25 1 e
209 4
qt (mg/g) | 4 —
15 1
10 4|
—n
5 |
ot ‘ . .
0 20 40 60 i 80 100 120 140
time {min

O3> (635 )b s 1 dgiaglyo CudgS b5 g (8T L i (oo —F S

Fig. 6- Kinetic curves of iron adsorption by Maraveh Tapeh’s glauconite
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Table 5. Isotherm experiment conditions and the results of iron adsorption on Sarakhs’ glauconite

m (mg) 0 100 80 60 40 30 20 10 0
5 Ce(mg/l) O  0.463 0.752 1.354 2.05 2.628 3.33 4135  4.995
ge(mglg) 0 4541 5.310 6.080 7.380 7.910 8.350 8.650 0
m (mg) 0 80 70 60 40 20 10 5 0
pH 7 Ce(mgl) 0  0.128 0.185 0.239 0.457 1.925 3.365 4163 4.969
ge(mglg) O  6.090 6.880 7.94 11.360 15.38 16350  16.740 0
m (mg) 0 40 30 20 15 10 5 2 0
9 Ce(mgl) O 0165 0.462 1.231 1.904 2.804 3.845 4533  4.959
ge(mglg) O 12088 15127  18.845 20640  21.960  23.100  23.350 0
25

—$—=pH=5 =f=pH=7 =d—pH=0

o ¥ T T T T 1

1 2 3 4 5
Ce [mg/fl)

oS w0 ST b5 g (8] Dda eyl (S —A JSS
Fig. 8- Isotherm curves of iron adsorption on Sarakhs’ glauconite
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Tapeh’s Table 6. Isotherm experiment conditions and the results of iron adsorption by Maraveh

m (mg) 0 100 80 60 40 30 20 10 0
5 Ce (mg/l) 0 0152 0.292 0.686 1.562 2.243 3.030 3.985 4.990
qe (mg/g) 0 4850 5.890 7.190 8.600 9.190 9.850  10.150 0
m (mg) 0 80 70 60 40 20 10 5 0
pH 7 Ce (mg/l) 0 0080 0.100 0.145 0.396 1675 3.145 4.065 4.978
qe (mg/g) 0 6150 7.000 8090 11510 16630 18550  18.700 0
m (mg) 0 40 30 20 15 10 5 2 0
9 Ce (mg/l) 0 0113 0.355 0.956 1.500 2.456 3.683 4.468 4.941
qe (mg/g) 0 12218 15483 20220 23333 25440 26340  26.600 0
30
—4=pH=5 —fl=pH=7 -pH=3

25 e

o Bt T T T T 1
1 2 Cefmgm 2 4 5

asiogl o CaigS olS 1 ol Wiz p gl (S -4 S

Fig. 9- Isotherm curves of iron adsorption by Maraveh Tapeh’s glauconite
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Table 7. Model regression results of kinetic data of Sarakhs’ glauconite

pH 5 7
Models Value Prob. Value Prob. Value Prob.
Lagergren q: = qe[1 — exp(—k;t)]
kL 0.152 0.005 0.124 0.000 0.228 0.000
e 4.823 0.000 13.914 0.000 23.901 0.000
R2 0.951 0.994 0.996
MAPE 7.59 3.17 2.09
Ritchie — g, [t ]
L
kr 0.228 0.002 0.182 0.000 0.432 0.000
ge 5.283 0.000 15.268 0.000 25.342 0.000
R2 0.988 0.997 0.998
MAPE 3.83 2.00 1.28
knq2t
Hu et al. qe = _nde
1+ kpq.t
kh 0.043 0.003 0.012 0.000 0.017 0.000
qe 5.283 0.000 15.268 0.000 25.341 0.000
R2 0.988 0.997 0.998
MAPE 3.83 2.00 1.28
Sarakhs
< pH=5 O pH=7 A pH=9 === |gpergren === s« RQitchi s+ssss Hu et al.
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Fig. 10- Lagergren, Ritchie and Hu et al. model regressions on iron adsorption kinetic data of Sarakhs’ glauconite
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Table 8. Model regression results on kinetic data of Maraveh Tapeh’s glauconite

pH 5 7 9
Models Value Prob. Value Prob. Value Prob.
Lagergren qr = e[l — exp(—i;t)]
kL 0.097 0.003 0.144 0.000 0.316 0.000
ge 6.887 0.000 16.040 0.000 24.478 0.000
R2 0.953 0.999 0.998
MAPE 7.82 1.16 1.32
Ritchie g, [t ]
de= e |77
kr 0.131 0.002 0.218 0.000 0.751 0.000
ge 7.708 0.000 17.472 0.000 25.494 0.000
R2 0.988 0.990 0.999
MAPE 4.25 3.95 1.04
knq?t
Huetal. qr = _nle”
1+ kpqot
kh 0.017 0.003 0.012 0.000 0.0295 0.000
ge 7.708 0.000 17.472 0.000 25.494 0.000
R2 0.988 0.990 0.999
MAPE 4.25 3.95 1.04
Marave Tapeh
¢ pH=5 O pH=7 A pH=9 === |ggergren = Ritchi ssseee Hu etal.
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Fig. 11- Lagergren, Ritchie and Hu et al. model regressions on iron adsorption kinetic data of Maraveh Tapeh’s glauconite
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Fig. 12- Langmuir, Davoudinejad, Freundlich, Jovanovich, and Temkin model regressions on iron adsorption isotherm data of Sarakhs’ glauconite
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Table 9. Model regression results on isotherm data of Sarakhs’ glauconite

pH 5 7 9
Models Value Prob. Value Prob. Value Prob.
Langmuir = kiCe
g de = qm 1+k,C,
kL 1.586 0.000 3.664 0.000 5.266 0.000
gm 9.766 0.000 17.715 0.000 23.057 0.000
R2 0.990 0.998 0.985
MAPE 2.98 242 4.23
L. In(1 + K,C,)
D =g, — D€l
avoudinejad Qe = m7 In(L+ K,C.)
kD 1.298 0.000 3.104 0.000 5.039 0.000
gm 13.138 0.000 23.189 0.000 29.543 0.000
R2 0.992 0.998 0.992
MAPE 2.58 244 3.20
Freundlich qe = ke C,/"
kF 5.767 0.000 12.002 0.000 17.673 0.000
nF 3311 0.000 3.771 0.000 5.271 0.000
gm 9.377 18.389 23.984
R2 0.997 0.976 0.996
MAPE 1.65 7.03 2.17
Jovanovich Ge = qm[1 — exp(=k;C,)]
kJ 1.332 2.956 0.000 3.665 0.000
gm 8.239 16.114 0.000 21.265 0.003
R2 0.972 0.990 0.949
MAPE 5.56 4.46 8.09
. R,T
Temkin Qe = qm Eln krC,
kT 208.708 0.005 55.793 0.007 208.480 0.000
O RT /AQ 1.281 0.000 3.168 0.000 3.388 0.010
AQ (kImol™) 17.123 13.848 17.265
R2 0.993 0.982 0.991
MAPE 1.46 441 1.52
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Fig. 13- Langmuir, Davoudinejad, Freundlich, Jovanovich, and Temkin model regressions on iron adsorption isotherm data of
Maraveh Tapeh’s glauconite
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Table 10. Model regression results on isotherm data of Maraveh Tapeh’s glauconite

pH 5 7 9

Models Value Prob. Value Prob. Value Prob.

Langmuir = kCe

g de = qm 1+k,C,
ke 4.805 0.000 4.807 0.000 4.926 0.000
(o 10.184 0.001 19.264 0.000 26.927 0.000
R? 0.985 0.992 0.974

MAPE 4.36 4.49 6.50

In(1 + K,C,)

D inej =T N+ K.C)
avoudinejad Qe =am77 L+ K,C.)
ko 4.371 0.000 4.138 0.000 4.655 0.000
U 13.194 0.000 25.023 0.000 34.631 0.000
R? 0.992 0.996 0.983
MAPE 3.28 2.89 5.10
Freundlich qe = ke G/
ke 7.665 0.000 13.558 0.000 20.186 0.000
ne 4.570 0.000 3.759 0.000 4.697 0.000
O 10.900 20.803
R? 0.998 0.988 0.992
MAPE 1.52 5.26 3.06
Jovanovich qe = qm[1 — exp(—k;C,)]
ks 3.546 0.004 3.796 0.001 3.421 0.009
O 9.259 0.000 17.701 0.000 24.650 0.000
R? 0.949 0.965 0.927
MAPE 7.77 9.99 10.81
. R,T
Temkin e = qm Eln krC,
kr 122.696 0.005 77.572 0.001 140.811 0.019
0, RT/AQ 1.642 0.000 3.338 0.000 4.217 0.000
AQ (kJmol™) 13.359 13.143 15.604
R? 0.999 0.997 0.984
MAPE 0.68 1.61 3.10
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Introduction: The presence of iron in groundwater, even at low concentrations, results in many problems
regarding the drinking water. Iron increases the growth of chlorine-resistant microorganisms in drinking water
distribution system, leading to an increase in disinfection cost, in addition to problems regarding changes in
odor and taste of water. In order to remove iron from water, diverse techniques are being used including
oxidation and filtration, absorption or catalytic bed filtration, ion exchange, softening, biofiltration and
adsorption. One of the cheapest methods to remove iron from drinking water is adsorption by cheap minerals
such as glauconite. In this study, drinking water iron removal by two mineral absorbent glauconites from
Sarakhs and Maraveh Tapeh has been investigated.

Material and methods: The natural glauconites were collected from glauconitic sandstones in Sarakhs
(Neyzar formation) and Maraveh Tapeh (Aitamir formation) and were processed in the laboratory and graded
in particle diameter 0.5-1.0 mm. The specific surface area and volume of the cavities of the two specimens
were determined by BET analysis by nitrogen absorption method. In order to study the kinetic and equilibrium
behavior of the adsorption process, iron adsorption Kinetic and adsorption isotherm curves on glauconite
absorbents have been determined through experimental tests. These tests were done at three pH levels (5, 7,
and 9). The aqueous solutions containing 5 mg/l of iron in a volumetric flask were exposed to different amounts
of the absorbent at a constant temperature (20 °C).
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Results and discussion: BET analysis as a nitrogen absorption method revealed the specific surfaces of the
two glauconite samples from Sarakhs and Maraveh Tapeh as 0.999 and 2.833 m?/g, respectively. The pore
volume of Sarakhs and Maraveh Tapeh glauconites were measured as 0.006 and 0.0123 cm?/g, respectively
and the average pore diameter were determined 24.07 and 17.31 nm, respectively. The results indicated that as
the pH increased, the iron adsorption capacity and absorption rate by the glauconite from Sarakhs and Maraveh
Tapeh increased significantly. Comparing the iron adsorption of glauconites revealed that the extracted
glauconite from Maraveh Tapeh had more iron adsorption capacity than that of Sarakhs, corresponding to the
higher specific surface area of this absorbent. At pH 5, 7, and 9, the ultimate absorption capacity of glauconite
from Maraveh Tapeh was 17.3, 11.7 and 13.9 % higher than that of Sarakhs. The kinetic model regression
indicated that Hu et al. and Ritchie's models have absolutely similar behavior in describing the iron adsorption
kinetics curves on glauconite absorbents. Eventually, it can be stated that the process of iron adsorption by
glauconite follows the second order kinetics. The best isotherm model to describe the iron adsorption
equilibrium data on glauconite are the models developed by Temkin and Davoudinejad. Accordance with
Davoudinejad's model demonstrates the presence of monolayer adsorption along with heterogeneous adsorbent
surface and steric hindrances for absorption. Complying with Temkin’s model indicates that absorption

enthalpy is a linear function of absorbent surface loading.

Conclusion: Glauconite mineral absorbents extracted from Sarakhs and Maraveh Tapeh performed better than
natural Zeolite and Kaolin and had similar performance to Manganese zeolite, Pyrolusite, and Pumice for iron
absorption from the water. Regarding their abundance in Iran, they can be used as an affordable method to
solve the problem of the presence of iron in drinking water in Iran.

Keywords: Adsorption, Glauconite, Sarakhs, Maraveh Tapeh, Kinetics, Isotherm.
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