[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

FeA L OAY Ao 1 AN juby g 5)lads @it 5 Canny Jlo g

yole 0 Pl jo CuV¥eS (09 9 oY g b wy LS lw iy g (2 biondd Ol ks
9y 9 S5

" ool b Magews ¢ o2ty (S

Ol Mo o olS2ils o55,5LiS suSCils (ST pgle 05,5

QYN IY 2 ol ases AVIBIYA :allie 2l o)
S S5y iegh il 5 el Gl plsie 4 Gl I eslil (S SlilE (Sogll S slag, s
e Sl 5 eodx Galesl plwl S b gy 2 (59) 5 JS polie ©i il e SudsS (00)9 5 Cdgan Sla SIS (g L,
R T Ry R YR JPRRRCH S PN PRS-  ERFIICIN FUUUMIPRCIN FUUURE TS  ESNCIN [ gUNICIN KX JUUUY
Aoles b (59, ypaie g gV doleo b (IS5 paie a5 ol (lis Cdo sbolesee gl .ol oolawl S5 5 (59, Jslore Y90
ol yo2 (5 by iz b CalsS 5059 9y )0 S8y r2iE 9 Sl (o) 00 S paie (o g3l MBI (6% B3l s b
a3 g 4 S alolh a5l SIS Slmio (JS 5 55, oan¥T clale i Loas ol lis oSl 595 il gl oy
g amile ooVl Gl ,0 (g)lows (B w, 9, 45 dgdso SpSazs (S b ol ad o s G5 LSl

2ol e g Wl jled 4 aome S S S
Sl 085S o p S o Ve BY o Qi oS
[¥]
ool g;%ﬂ Sals gl a5 S jolie sl )
- o515 oSt  JT olge as )55 oo g oo ooliiwl I3l
Sgey 5 psiedd] S el sl nSyue
oS oot slagw, alox 51 O] 05 o )lal alSlingiial]
SOl widl andle 9 p)l5 i) cpl e aslyi e

Sl Ghls CdsS oayg o p pb VoS (coys 9 CoVgmr

z

ol (V0 - % 3905) 45 b ofy phaw o Vi) glay
oo 48,98859 9 bluwsl bl aSbl | cdoS ey 5]
Abaaas o o 5l g [V] cal Jadse ool G wyls
Shl Gis gy cwlie wils K s 4 laodlols

el g3l ol shol Jole LT sl

ey slo U ouy Y s sl Y o dols sz 1 guadS gaojlg

doddo
p323Uls (oodge e LS iile S Sl 1 (S
sl g by aalsl 6lp 2l b Jlde 4 JS5 5 )
LT VU ol Ll it 5L olals 5 Sllgs ol
45w (oS 518 90 SS9 (9, [V ] el (o Sl
ok )3 69y ormb Jlade Nghi oo il Sl o
Voo Ve sgue (e GlalS 5 (s5,liS slees sl B
ras §5y Sl b [V] cnl S22 55 0 S6lS 205 e
O 5l i polae sl ondy gkl aes gl Sl
Slr Wlgige QLS Sz oole 0,55l o 50 o)f 5 e
[¥] 455 slom) Copoyons cdiiS oo 4335 ] 31 45 S luils
ey 00 9 ke Bble e Seop slage; )0 e IS
Olsieas s oo gilel OMSL 2 b oS (55,4la8 slo

S.Hashemi@malayeru.ac.ir : Sig Sl Cany e AYYYYOOTYA :al ¢ Jgtus oo 5%


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

Ol (ol G 5 (ol yols almo

ool o oxm,s OAA

b ocel B3I o 56 S (CEC) a5l Jobs cod b
Sl Suwe Slge 31 6 i (Jols seolSl> (CEC ol 38l
A co il Bl 1) cwyiws Sl g 00 S Ol I, S
Soegp Sl 9 (S 2y08 PHJI gal ey (L2350 [VV]
a5 0l ST ClsS s0g p e g pgeedlS
2ol G aniin g oyl pH a4 Siey ol 4 pgedls
S, PH =0 0 ¢ i lie o yiis 0 pH =Y
5 DA] 0g Se Jols code e g5l pH () jo g
e lala, 5 ©dz )0 o5 0D (asine G Sagh
GloaisS s nis pH S5 @3 ojlasl ccoV g o,
ARV RN

0390 S DIl 4y (e sl 5 S (Sl
@ 1) Gl codls g Gy bz (Ll JSie S (lgins
5 oo St blie ;5 Codspmms SIS o] a3l 6 bl
oz ) (b 0 Sas az )3 Fe UV olSlia o0 )0
S8l )99 4 (Olnl Gro Jlod )3 leu® pase bo j52S )0
5 oy hw Sl Sy S5 SU ! 5 d9dies
ol 0 ol wited YU Sl sslS Jols o0
LSl sla Sy 2 JS5 5 59y (e S8 ST hagly
b ol omyr SdiSnyg 9 Sdimm slags), 032
Ot G g oe () 90l A8 &5 09d et
sl sl 5 Siw jele iz o loass

or B R, 9 Olge

S g Cadgar 9 CadsS (s0)5 vy Aiged 93 51 gl cnl o
3550 Cadgarn 5 SdsS sayg oy b slital (b SIS
Jleds )0 plesyd ase 5 ol S U5 Gome 31 colaal
Bgod b Al doy0 A0 B A oyl ax 0 b ol pl 5,0
Szl e (b ol byl adlaie @y bgyye i S
D3 Gl 5o bagm, B Gols plas jshaie a4 (b S
3 adsS coy9 Ly 9 el Sis lgn 0 bdiges ol ool
jl@igjl&ﬁ&ﬁv&&lljlwwg}o)wﬁm\f. I
WS5ad oold jgue L5);;_,4‘51_:_,3\’_(Jl

oot 3 552508 (5lo inlos]
Sl Jade {Y+] CEC) lage, Sslls Jols cob b

Sl Sasile, 5 [YY] S pH V] Jobes s
9 0l o)l...u‘ é"]ﬁ )Q ol QL..: 6&&5) la [YY‘] (EC)

Jobs cadyl Gl cadsS seyy glige oolaiul S
Cdser [A] ol S ) oG e o b GssS

S S cpl o v el YV sl SIS acgemme 5l 5

ET.I.E'

shls as) by, plo OIS S ol 5 (FAY E) YU
(BL) sl pezsy sk HESle (aitn gl sl
aS el oo [ERVew) LS’lS Q”‘ 6}“.: u..\.> g_)).AS [%] Q)‘\)
5B St soms polie JUl ol ln T 51 olse
Vo] 0905 eolitul gy sloo] 4 gxo ool
L Ses gble gl o a5 wsls ol I Keegh
S5 1P L d(Edgmn 9 S8, iSL) (SU slaw,
ool ade g el oais saud ganails ;o cwguote yuis
IV cl 00,8 i (gamasly poss o1y o
(bl sla Sy Slgoe by p oS Ol Ol
23S et heiwd | Lo, (leend (G 9 (S
06 00ty T e il531 b 4 ol o 00l L gy
oo i aml 50 Coldgls Jlsle s Wil oo ol cde
ol ,o [VY] o, lsSen o W VY] sl T (o5 oo 5
ashioee Y g ailfge aY Cubrs (g cdale 2ol58l L as
s Lags Ui & e anl B nl oo el S ol
Ot 0 edleyily a5, (Rl g (srel asdls rals
S ol oo 5 (5 i b Sads5 4 5, 5 p0ndlS
i il i gl gl IS 4 g eols S eais
B G Sl o polie cpl a5 Wis ST 518 izeen ]
) oty slodls St oyl oy 5 o i L 5 455,5
V] airs oo ualS

S S s i yole Qi ke slayulil
Cd> (Sg Dyad Golidl g pH rals b as cewl sl oy
-2 0] whise 285 S (o9 59, 2 S sleos
6ol a5 wels las V] o es g g d i
iz ol Jolxe s clile 5 S g5 4 (S 23
S5 sl oSk Ve B e Sl Gl 3l
s SR el ool las maliEl cuSl 68 b
b oS Olls Qo sl S cdib a5 ws S )15


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

544 g eV slaw, Sl n ) 5 (Sheerd Ol s

VWAA 5l ¥ ol TV ol

slacob Kz g Ky 5 (1 p e ko) Jolme )0 onigs
21 4 Excel gloasly, b o bl glo,lS aon aiies aoles

A pll jeaiyg dae o SPSS

b S )y
it o) (XRD) Sl 5550 Goln slocib ad sln
Yoo Joe mopdly jlandz glope glagialesl 5l m s
Lax,0 0 GO agl; g ast +0 cadys L Unisantis xmd
—09 S, @ bg e Ol den ol colainl cwe WIS
& ool p LSS Bl ek 5 Sy 9SS

[Y0] €85 & g0 o, ik

Gy 5 (o S olerd 5 (b sl Shy (S

T09 oy p® e VY Sidps () 50 S Sl S
JYY-CNIN IV & § SRS RE J ESR RSN V) FARUIN LY
s Ll sl a3 8IS el a5 pendSioliy S
Sl Cewds 05 Hlws by g b S 0 EC Jlade ool
SV o) 0 Pl Jols el () Jeux)
S S s 5 (oSS Jgesmle YO) Jake o ¥
Oz Al aile (p S5k sl V) Olie (n S
YY) ohy whw (nytie CoVomw () Sodioe o> oS
e S as sl oaS s 1 (e85 2 0 poge e
Y OO WSL R PR S
Oobre 5ol dgd () 99 & bgn e CBIS A ) S8
) ooy 99y sy a8 aed e plas |y ad 03gl] I iy

S92 Gloded (w2
Ty o) Sl &S wes e i g9y i leden (o)
5 b B oo S lse iy 53 el alsbes s
olee e cu b duslie ol alils 59, Lz glasols
FR) aSed
Ot SsS ey oy Sl 0= 10) gdwgh dolae
o Mg Sl oezes (V Jgox) ol axsls 1y 5l
e o b eSed aloles (8 S olyap a4y CodsS 09
adigd Aol 4 Cons gy Gilp £ = VA
S Celyls peeSY oles ewl azils @ = - 08)

4 o dslee ol &5 B e lis (F =

S Loyl (295w So¥sS ey vy e ) g9y

AT ol = )lgp oy, 3l eslatul b o, oy aw
W) ngjc)b.s‘ s[Yf] N2 s_:J..> 4)‘.)).) (BET)

i sloded S iales]
Sl Jgloes 5l aglate clale o slaiolesl pll (5
slecdale L Ni(NOs), S wls 3 Zn(NOs), s,
Jsloee 10 Yo + /o0 g o0 ) oo B rre el eoyree) oe
Ve 50 s PH = 0 L ,Yge /oY NaNO; glais;
P50 5 Celgmn 9 SodsS ony5 o Sl plS 2 5l e S
g oxd (59wl jola (8 S )5 20 ol egs b,
a5 (8l slen B0 el ooy ol sladly) o
b cbale b Jolowo 51 pid oo Ve adiged 51 S5 58 4 0l
el ¥ oGde & Cunsd ladiges ol 00938 olie 51 ould
leo b ,eilaSTl 9,0 el Yo (gl Gues cdials ools 1SS
S gl ¥ o @ loasme g aildS ol il az 0 YO
30,90V G baado ¥V oo |y badlg) e aia
TV Geily (Blo 367 L (29, Jobe 5 oud od yile aiiBs
oBiws jl eslawl L JSK5 g (g9, polie clale ol Jlo
Slp s S5 b aw Giolesl s )5 g uSoslail esl i
IS5 9 69y clile oad Lz S5 g (59, Hlaie dlxe
5G9y JS Hlade I sedl Qds olBius 3l ead (5,50l
4 ol Ceway Gloooldy s 50,8 S oal adlal SGS
) wiad ooy 33l TSl 5 eSSy ¢ mdaig b ¥olea

VoV ) Gloaal, sy

e = kf C: O
x kch
m 1+&e
x=ky + klne (¥

3 09 9y 5o ead iz ool e G clally, ol 5o
Jslome 5o oigd i Jolas clile Cp o(p )5 2 0,5 ko)
(W e RB Ny gy b b Ky (i )5 o)
0igd LAz 5 L3 (i GRS 4250 5 Dad oaisS (e
R A P P
Gl gaism 655 b cwlie capo K (p S 5 p S ko)

odigd wd ke diin b Cu o g 0aiS Ll 4 edigd

Gl Jolbs Sl C (o, 5okS o5 k) L3l g

1 - Brunauer- Emmett-Teller
2 - Freundilch

3 - Langmuir

4 - Temkin


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

Ol (ol G 5 (ol yols almo

(SAMLD‘LS’-A-“) ?"

(oo S g LadsS 03 cd g Sloey olond 5 (o5 Gl Shs (S ) Jeux

g g | (G955 Jold wod b | (SO sl Sasils, (1) Joles oly,s H SB so
) 0 . oS ] p &y
m-,gr cmol kg dSm
V- Yo Y VEYO W | S s s
Yy Yy */\ Yy /\/Y‘ ;,..JW o)
- \ A Yy YA e S
< g (<) Vermiculite
| <K
my = als
” () Sepiolite S0 z bl b
) o
o 5. -
s Z
z “““““ 1
. . g
< = 2 g &1 n
S EE N R
" ® = «T = 1 1= . 1 ¢ & .
- : E | f - 'I. N -'I '\ T b
' L g Y™ \A'ﬂ; i TV “f""""‘; - “W“"‘*"M

0 a ¥ @ %
Postion ["2Theta|

Eo¥sS 0y9 (@ 9 CoV g (A gl 51 WSOl (95 bS5 ol Y S

(s S ol gy oy 5 Loy Lol (55, i 58 S g gl b SYolae slo )l Y gu

DS glais b |
r k, k, r In (LKg) kg
SN | YOS | vevy -0 Y- - FY edsS as
“A | YAAL | OAYAY | caF | - 8T < NOA i S ol yods 4y EdoS cayg
<Y | OYA- £AY0 - A4 < AY VEV YY Cod g
<OV | OAYA | ALFY < AY VoY £OYO S SB ol pen 4 Cdgan

gl 5l e Sl i (gl (SBBgR 50 e
E¥olee b s 5 59y 3 i slaosls wulisSsls i
A5 0% o g Wl oold il S g gddig )8y 5 SOY
95 89y 2 laosls 5l (Joud JB hrogs gluiyp dslas
LYyl e asls o o

0 2 3z (e wgdige oyd ¥ Jgaz o a5 (L
ol yote Co¥srw Sl i plp e Loyl 2l @ Sl
(S V) S o) (o jlade il Ll (25 ST
oy e Jdo p 5 10) b S elrege () b analis
Sl aBls QA Gl 4o Slodes i Codgan i

2 Sy G QU oy z 5o VAL Sl Sangh
Codgap G a5 wiols (lid «59; 5 oy (2ol oS
@ S 50 Wl aws oo 2alS 1) 59y 5 oy polis aigtal

o Sl S wes e ol ¥ Jgar mls (flie o
o yo b gdaig b dolae (udoS (sayg () 4 S Sl
o o b Sl Aol & s T = AR
olis mdwig s ke wes e plis e Liilp 10 = - 0F
o Slp &S Sl g5, Jolss cdile )3 Do e oaims
e ool eaimy las pl tael Cews 4 VFVYY cldgn
aile oy S ol o @ Cdguw oy (gl Sl dolee oy
Wolee 4 Cad (7 =+ AY) g b doles Cgur o)
&y ke jlaie ol aiils sy byl @7 = ¢ OF) (S
ol Cewds FOYO i S ol o 4 Ed g
S bawg 55 5 poaedls iz (o) 2 sadlllas o

St malainh alobie 45 0 aols li ¢3S Sae _das


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

g g eV slaw, Sl n ) 5 (Sheerd Ol s

VWAA 5l ¥ ol TV ol

ool aily gpin il g0 b S oo
SE g Sy () Egerme 50 Sudgn ke Gad b
el 00l QA diion o, S Ral A e o g
L geSSY ol 55 (o SL- olyen @ Cdgn () 12
Aoles @ S e lp T =AY el s
el a2l (7= 4 V) gdaig

yaie a8 wsls Glis i slaledp (o) (IS 55t
Lol cosds Chnosi (990 9o dlolae by 99 2 53 IS8
el ALELS (5 e oy glig b Aol b 59 paie

5 oSy sladolie & Canl odd Ui opeioes
oS polie Bio (e 5l (Jod BB oy glaig B
LY ] %)l cddgss oamb ) bawss
by g Ly bwgi 595 L Glodas sla S dunlio
o S ol oo
SLS ole 4y Sl (009 5 Sl (009 SI ST S
mse o &5 pliz aedce i (g5, @3z Gl 2 ) (S
9 Sladiges o (Sl Dolis (mblacdale ;o 09
0I5 0y (b ol je a CudsS a5 9 Al CodsS
Sl Al SdsS oeys Sl VL slacdile )3 o5 J>
Slass (5092 3k s 4 59, omb slacdale ;o 09yl
509 9 SdsS sy9 s (59, @iz (D3l Slaell
a3l U Lol o s i olis o SIS ol e 4 S
o P Sl g oy gl o Vb s sy, cdile
bwg YU glacale )0 g, 0dz alls CodsS so)s
sl (s S5 ol o 4y S s0yg 5l s SodsS 0

oW byt () by S5 Bd> (galp ciaghy o
el 4zl il S i wodle ol Lol L oS 0
I¥V]

Ailgi oo Codgn SI 5 colaiul a5 Wi dses oyl
5 o yolie JUSI Gl 5 Ciz Sy )0 (el JBl,
b e slaol 4 s,

S cde loser (o)
2505Y Aolre a5 0l oy IS8l sledpd oy o
I Qi laools 1 Jeud LB oy w)lge iy o
I @ds jo Jed JB aogr (Sl alolrs ¢ cowl atils
O pe dmlie CdgScayy o) 3590 0 ol LA
dolee pl a5 was e s (7 = 2 AY) 150Ky Aoles
S e Shile 7= 2 OF) s s alolas 4 s
o oled 4 CsSoays ) sl (T Jgu2) Sl
Gt Ol T =AY G s b pseSY aoles
obiles Ceul azils (7 =+ FY) mduig b alobas 4 Connd
o 2y G @b o Vg 0 &S
s 4 053 Ly jea> cwl PV mg/kg o S
i a5 S Glg e e oo LA YU ey 1) Ol 5
) @i lies (0 S5 ) Egemme 50 () Hlade
| od; al L..a).a.a

o> ab PMlol Cudgly o,y e i (o) 0
[YQ] S ob; Mﬁ;
adig b dolas 4 s ¥ = 2 AY S ey b gy
&S Gl (F Jouz) cusl ails g ool @0 = 2 A)
IRVERARAEPLENTON VAT PPS AR IRV, SRR VRS
@ S 2l @ SeVan (o) &5 S5 Olise gy )

(S S ol pogs oy g )y bawgs JS5 ©az )0 29eSY g a8 SYolae sla il )l ¥ Jgus

gy
r* [ b (mgkg) kp r In ke (LKg)
cav] ovvee oA ]iar] s YOV BRI
A fME | v [ v | egey VWYY i S olyan 4 CodsS o
av] onvae [y ] A [ -ay YA g
av]osvves [eeeva| oy | Y it S ol yan ) s



http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

Ol (ol G 5 (ol yols almo

‘SA.MJLD ) 7~Y

60000 AL s
50000

'
o
S
(=)

[}
[=]
S
[=]
P

(05915 yp)5 Sl
w 2
S
S

10000

0 A&
0 500 1000

(el 8 o) ghlas il

gt CdsS a

60000 T

0000 - T it S

_n

aa)

.2 40000 -
0000 -

7%

aad L cdals
S

(55l g

20000 -
10000 -

0 = 1
0 500 1000

(el (o) ok e

s Jols il Ll Lol el WL slac il s
Sels ol s o YL Lo 4 olpls el
m9 oy Vb slacdale jo wudgn 4 Cas dsS o0 )9
i (83, &5 S lgfse el e i 0 CodsS
2 & P 05z 5 95bee LSS wix Se Jol alews:
@ S ol (98 Jobs b b Sy cdeS ey )
S35 PI )0 CodsSsey9 vy cnlple el YL g
By Sl Gz WS (oe oo S8 Sl 4 Cons
Jdo Wl oo CudoS cayg LSl )0 D990 museie b (s,
Al g5l G K Sl Kiegh wll el Gl sl 6,50
S Jols a YL glacdale o S Ol Qi ol

LYY] wlesls cus

o 9 L)y byl 5o i loves by Sovio dun i
o S ol o &

Ly b ol CodsS (5059 9 SedsS (o0)9 S ST JSO 50
mso oo &S sl ol o ools lis SS Cde e 5
g i (JS6 cdale Gl Loy, pais aile s
adly Jll b S olen a4 CodsS 0s 5 CadsS 009
S i SalsS g0y9 dawgs iz b lacdale o Ll el
IS el slacdale (o il b oles 4 EodeS a9
2 S oS adale b U el o e i Lol ele
OlBl b g ead Qi CldsS ey (B 5 LB zshaw
oy ghaw bl o Co¥sS eyg el cdale
olped & b SB a4 s YL Gesl5 Jobs g i
locdale o Ll el 6 i i s odsS arg Ly
(e P Gl 5 zohe aes ud n Jda Y
Sl oaile ol Cdz ol

(omb glacdale o 09 o0 0ao ¥ S jo a5 L
P G S der 4 s 4 cod @l Cg
Oolis Vb glacdile o 5 cul 03 Shge 59, 032
i 4S5l s & ol glbeble o amily s
S S olpe 4 Cgen 5l i (alls Cges ohs
cdale o Lol sewl i ol lawg (g9, wdz lie ]
oays o] s (Jelds wileads 5 i zakaw dea a5 YU
OB i Ty 69y i Cdgie G i polie s
A S Ll Cadgun jload (0 g laie a5 |z sl oalo
Woell 5o el 00 plp g0 b S ol 4 Codg
Cix g Sl aBl lBl s BB Ol Glaoll
Cix Ol &5 WS B S 650 Ry
Sl Dglite 38 )5 4 G jlade a4y aas (Joloro 5l oy
adly Gl Joloo 5l oy iz (G laie (8 L g
2 Sl 5 g Slie (l L &Bly o [YY] ol
Slp ooiws JB g S slaolla slasd (g grniling
9 a8l RIBEH Jelowe )3 35290 (3 SlapyeslS i
bor Gl 55 g D2 50 G5 LIS T
23 Ol p ) SdsS o0)9 5 g S ST S
S5y @32 Olime webion os &5 iz aesoe (LS (g9,
P hes YANY Voo ojeee) clile )3 CodoS oo)9 bamgs
2 Sk OVAY (Voo o000 cdile 3y 0 56lS
bug 59, @iz Ol & J 50wl 03g 0 kS
2 opSeke VAT (Yoo vpeee) clile s cdgn
PRS2 p S ke DWWV (Yoo o0 2lale jo 5 0 SolS
9y i wcdale Gl L A ciS Gl o) cnl 5l el
el a8l mol58l (CodsS o0y 5 Codamw) S g0 lawes


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

gy g eV slaw, Sl n ) 5 (Sheerd Ol s

WWAA 5l oF o lad YV al>

el sl il 5 UK 5 i wdly e il L
e R L A WS S s i Rags [17]
Sl Gy g IS5 Gl Gl 05V B ) Sl cldgin
LT is 5 ol cudsin mhans Gl T e 5wl oo

3z Ol 2 ) CdsS o9 5 Sdgum SN0 IS
sladale [0 05d 0 0ys a5 lix oo o ol S8
@ &) IS8 Cdsme 5 CldsS ey o, omb
9 by ©d (e wcdale (MIBIL Jg s S i
S5 22 50 Edgmn () &5 S5 A g e cnlnle
GRIB L CdsS ayg sl sl SdeS sass ) Sl FAse
ol u‘f"’ Sl C?Ja“‘ O g Jdos odigld i clale
ol plzee Qi Gl eaisd Qi clale gl
sk il 4 ie Eodem S USS sl asil,
555 o9 e Jodo & Sy 05800 o (Lo 5 (25
Joe FRge S5 dx 50 EudsS on)s 4 Sans S2ln
R

70000 -
60000
50000
% 40000
< 30000
20000
10000

L.a)

AR

0 200

12000

~10000 "

. N
28000
2

N

% 6000
::ii 4000
',

+2000 -

0

[ ]
A= s

;.-._I‘

(62 525 ko) Sboler Al

ISt R PL Y

0 1000 2000 3000

400 600 800
G2z she) (Sblas cale

CdsS (09 9 Sedgarn Sl bawsd (59, Cix (e anlie ¥ S

PRV ELN S P

(055 oS 51055

o Cedglsygeise p U @iz el ctesh )
32 e Gl 3 LI L e Sb b o i
LoaS col oals (5,155 S0 ity ;0 uizen [VF]
Sl s s o il i ol sl B al
I¥0] asboan S20lS i o33l VU slo
oBolr (ulplis 5 3k ohg haw 5 o5 (s )d S5 lade
chale oIl L ol ced onys g S ol pen 4y Codgn
Job ol sl sl Sy o Ll LSS 5
or) e oa...‘ﬂ clale U“)‘)S‘ o JUSves) Q] 5o u..\?
Soye el Ll SV Qle laes Al csin
chale goldl bl S ol jenas o)y Jove K& aS
ol oo s c..\.t.g}!]

a8 ol i Cigdsygetige hawg JS8 i (o)

AT s

T s

40000 -
35000 -
30000 -
25000 -
20000 -
15000 -
10000 -
5000 o
0" : : : .

0 1000 2000 3000 4000

(2 ey (Slea) Sblas Cale

Gt e

0}

o ol s a4y CudgS 059 9 CdgS 0yg Sl bawsd S5 i (e anlie B S


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

Ol (ol G 5 (ol yols almo

20)
LS
S
S
S
S

1

oy wods cdals
(05 oS 2055
o
<
=t
=

Sl sS s038

0 1000

2000 3000

(i) 255 sheod Sbbas il

CedsS 503 5 Cedgrn Gl gl USG5 Cdz (e anlie & S

pogw ald ol a5 w0 L Y USS o 0als &I gl
ool an VT clle (2l331 L (o eSSl Y1) CodsS (05
5 305 00nVT Sl iyl 45 08 e b 5 sl azily
alold (ad i g Lo (53,5 alold oo 5l corge (JSG5 4
o sl o0 IS 5l ek Az o 5 LAY o
288y 3 o Oie 5B glaoan VT a6 )
Las ol 355 Codgls g blogn; 5 (Soid sla S
Lo 4 candgls b5 sl deeanyT clali il
S ez olReegn [Fr] el adly s s
Cdgily gae Jsb Db oy eanT (il L oS ws S
oSy b @ Gl |y gpoge ool Cunl adly S
L] ol s oo 518 Sl S Slige, by (o)
Codgiin bay o alols a5 ool lis 1 6,50 )T
ST VOYY & gy VYA 5l oo i 5l e

LYY] el on,S s

9595 78 4 00931 ¥ g oy 3 sl 95 31 Sl (o) 2
S5 sy 4 008l] S o 5l Sl 95 Bl @l
Gl oad ools iolad A JSS 50 diged lgies cdale g0 4o
OB e d gl cdale alEl L IS ek a (A S5)
6 boye cloali zmen ool aiil zalS lald oad
olis adly o pals ol o adl gals 58 ol
Sad malS b cwl G lawy Gdo e ]38l asas
e @l g Al RIBL S Gl e slad Leald

i 4SS 55 Caslad s 5o 0oV i iulidl

S92 S99 o DI (eyp 3 ORAegh iz
150 L Ve glaclile gl o5 wml,s ab slas,
GRIPL Iy abge (Rl iz el ) e S le
wlgioes 3 slagg g ool glidl Q3> gl dile
alo oo col Qi Jlase asein mhaw S j0 g Wed A

[¥A]

4 009l CdsS 09 oy 3 Sl S Gl o
S5 9 69,
Aol ouzns Lis (XRD) oSyl 55,0 oy sloald Copndgn
sobite 4 og, opl YAl el o) sla SIS Slxio pw
sy LR, oS S jpas JI ST b))
wiz G aiges XRD slacil ogepw 5 ColsS
ol By 5l (Fn P USS [FA] ad e eanY]
5 3y Sglie slacdale )3 1) Co¥sS ooy o) @ bgape
Ooln s b, )15 4 clale ez o laes e Glis IS
Sl 0als 00ls yioles jaie o gl cdale g0 ClilS
sy ¥T Clale ax o S ol olis S0l i il s
Gl azgr B b oo mals a3 ol il so iol3él
Lals 55 baly,S cleald cud olie clale iyl53l L as
Gz o baly,S 4 Cd,F am lgiee 1 el il
alold doald ol rels b asladly a8 SO 9 69,
Slaald Sl Ll Gl L e Gl beY oo
s 4o el il 2als Ll s 5 00,5 2l SudsS sy
O 0 USG5 g g,y polie a5l ol sauas lis ald el
wilod,S min | by o alols g ailaxd 5 )18 laayY


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

e g Y o, L, 5 Sleand Ol i WWAA Sl o o les YV ul>

Wl s G b g 48,5 18 LY 55 (Z0) (s,
olp sldld Cul a5 el sad 518 izmen Cul
5 [FY] ool atbly ol ooy 20T 51 gy ol

Sl o5 laran Jumghs nl @l b

Verm 0005 M.2a{NO, ),
00 =
g if
2 H
'E -
4
) ﬂ‘ z
: z
& wom é H g
o 1 B = = [
i| | & 83 !
5 T {1
d v P 3% & |
| J \ ! I
W T, . K’ AN A 4
bing b i Sl LTINS Wy N
st g
(
" a ] )
Fostion ["7Theta
Verm. 0.005M.NiNO, ),
S
200 + E
F B
" ; ; z
i g
L ¢ \ g :
: z| ‘ i 3 .
000 o ifl [ ! g %
| | \J‘  f
"Ir '} - § ‘
/ L. 4
o » \ \ /|
/ \.»,..‘«"J (PR WP "‘"Mv oad P
g et
] St
it .| W ']
Postion ['ZTheta]

b Cdsm G 4 baye (pg Sl YFF) ponty ald oo
Owled clale > o 0 IS5 9 (g9, o..\.;.lYT cdale wl;‘
uw.(blf ald ol «59) o..\...»YT cdale u’“‘")s‘ La el 00 salo
Loy 26,5 alols b ool ail Lmalidl ey oo alols g

L Verm .05 MZaNO,),
0000
I
H H
£ g
i L]
£ ¥’ -;
I
- £
5 Iz & 223 ;
0o ‘ :
[ WO 1 S £ :
| | \/ W KR}
\ il [ | W)= AA A I.
\, \ J I\ a |
'J Syt L, " "#M’\A—-h’\'ﬁ* ﬁ"\.—-\-qu..-J' e
’ T T
] bl 1] 0
Position ['7Theta
<
Ve, 0.01M. NiNO. ),
000 ds
H
1 0
- {
e § i
§ b
§ -
NI
- : b ] -4 ;
00 4 { ! S & s
2
" il 1 b !
-
| | i H ; 3 o
A | | '| ) L i
| MH | / il A i
/ | f
Sveaniey/ T mnaat’ \-vo-r""\.f"\_“,_ WTOW S
! T
" A n 4
Fosben |Thetal

IS 9 69,y @lisee glacdale b cudoS cay9 S 5l oSl 95 S ol ais £ Sl

16000
14000
12000
0000
2 8000
© 6000
4000
2000

Verm+Zn

0 0.02 0.04 0.06
(ZD(NOy); )oaisNT clalé

16000
14000 Verm+Ni
12000
10000
= 8000
“ 6000
4000
2000

unt

0 0.02 0.04 0.06
Ni(NOy), aJ.lJ_‘}'T clald

IS5 g 9y ean¥lcdale gl b SdsS soys S (po ST ¥0) pows (LBl p aAld Soud Sl pois VS


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

Olnl (oolid (G g (oulids sl alone

Sep 00005 MZofNO,),

A -
40000 ;g {%E- €
2R &
SHIIIEUE R
s 13 | 5:'—*’. i~ = &
- : |\,‘J AN 5 33
T UMD R &
) A [\
TAR L VW li‘ir,'ﬂ{.wh‘
ol
]
] k| X ]
Postion ["7Thata|
2 4 Sep 0008 MNINO,),
mm«E
3 |
.3
- 1 £ . g4
oy 3 =% - - - a:
1« HIMit:s,
i i LI BN I
| E\' " j IAl A ‘LM L
k- ¢ Mo LJ Y g
W YL N V“\-w ke
]
" a !1
Postion [TTheta)

o E Sep. 0.05 M. ZaiNO ),
4 | i
i 1,13
¥ = 3z 5
8 2 9 I3 E FELE
' I O L
H R o | 4 L =
) be *f30da 8 1y ,f
g Ad L ail s "t r %%
P LU Wt
m i Al /v‘/ ‘."b; | 'f\; ' 3
. f \
— T WAL ) \v\
1
n F ) % L]
Posbon [Theta]
H Sep. L0IM. NiND.),
EtutJE s
-
i
H .
Lol ag 2 £ ! 2 1 437
E) i s P 1§ 3 = gz
" ] £ 5 a3
i NN
\ :o LE = " L i 3 E
\ AL O T
‘*P-J"' b T ll.mn’ \’j VIW"M \ﬂm\\w’-w
i
0

b X o

Pasbon ["TThata]

60000 Sep+Zn
50000
40000
230000
=
£20000
10000 *

|
0

0 0.02 0.04 0.06
(Zn(NO2), ) seNT kel

®

15000

E 10000
0

5000

0
0 0.02 0.04 0.06

(NI(NO3)2 ) n..l.b_YT chle

JS-*-'SLES) oMy‘iuJa.lsw‘)B‘bCAiJw @U(ﬁjﬁnﬁiﬁi*/ff)@@}‘f&&.}*ﬂ u‘).....:.'; ‘\J&&

s”—uﬁ:‘érg
doles CudsS go)5 o)y 4o A5 AD 0dd (9 I (e O
cdx srools 5l Jeud LB arosi o )lae ian jo Sl
Cdx gledpd gy yo el ool lid 1y Wosls 51 L9
Loy S5 90 50 S8 paie a5 ol lis mlbs (IS
w‘ oola uLm.a ‘) u..\} )| é}.& JJL‘B M}J )..545431 aJoles

o..\.;.;‘YT cdale wl)sl L S @ oo5ﬂ Codgn o
O 9 b 000 Zoll (g5, s iy 9)l50 S
Gialil el aily iyl ns Yaebe 40 clle
slad el axs )3 5 zae Job Gals b ply cald ads
50 odel ey s plo B a5 Wiy, cpl conl sl
i Limles] glallas 56 Wlg e cenl Libgl ol
b


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

gy g eV slaw, Sl n ) 5 (Sheerd Ol s

VWAA 5l ¥ ol TV ol

Vermiculite in vibration milling and its effect on
Lead (1l) adsorption ability"”, Clay Science 70

(2012) 74-78.

[9] Deer W.A., Howie R.A., Zussman J., "An
Introduction to the Rock-forming Minerals”, 2nd
ed, Longman Scientific and Technical, New York,
Wiley (1992) 696p.

[10] Hojati S., Khademi H., "Physicochemical and
mineralogical characteristics of sepiolite deposits
of northeastern Iran", Scientific Quarterly Journal
(GEOSCIENCES) 23(90) (2013) 165-251. (In
Persian)

[11] Abbaslou H., Bakhtyari S., Safipour M.,
"Impact of fibrous clays and salts on arid soils
engineering structural”, Iranian Society of
Crystalography and Mineralogy 25(2) (2017) 341-
352. (In Persian)

[12] Salwa T., Tantawy M., Qassim M.,
"Characterization and application of kaolinite clay
as solid phase extractor for removal of copper ions
from environmental water samples", International
Journal of Advanced Research 3 (2015) 1-21.

[13] Liao J., Jiaojiao W., Feng Y., Zhang D., Zhao
J., Wen W., Yang Y., Liu N., "Behavior and
analysis of Cesium adsorption on montmorillonite
mineral”, Journal of Environmental Radioactivity
100 (2009) 914-920.

[14] Castaldi P., Santona L., Enzo S., "Sorption
processes and XRD analysis of a natural zeolite
exchanged with Py, C& and Zn*" cations”,
Journal of Hazardous Materials 156 (2008) 428-
434.

[15] Malandirino M., Abollino O., Giacomino A.,
Aceto M., Mentasti E., "Adsorption of heavy
metals on Vermiculite: Influence of pH and
organic ligands", Journal of Colloid and Interface
Science 299 (2006) 537-546.

[16] Sheikhhosseini A., Shirvani M., Shariatmadari
H., "Competitive sorption of Nickel, Cadmium,
Zinc and Copper on Palygorskite and Sepiolite
silicate clay minerals”, Journal Geoderma 192
(2013) 249-253.

[171 Harter R.D., Naidu R., "An assessment of
environmental and solution parameter impact on
trace-metal sorption by soils", Journal Soil Science
Society of America, 65(3) (2001) 597-612.

[18] Gilberto A., Masini J.C., "Influence of pH,
ionic strength and humic acid on adsorption of
Cd(Il) and Pb(1l) on to Vermiculite". Colloids and
Surfaces, Journal of Physic = Chemistry
Engendering 262 (2005) 33-39.

[19] Mohammadjafari F., Landi A., Hojati S.,
Amerikhah H., "Release of Mg from sepiolite
mineral under the influence of two organic acids",
Iranian Society of Crystalography and Mineralogy,
23(2) (2015) 321-330. (In Persian)

o &5 Sl eols plas (S ke Qi glesen gl
S5y PAz 0 SulsSsey o) 5 SN 2dx )0 Sdsie
Sloge) 5l EBES bl o)y il (g5 g0 S
mal S 5 g5y 8 il Ll L a5 ol oylis eadh ooyl
ool il wad g 008 il Cdgan 5SS 0)9 sla
G335 oY alols cals il L gBly o ol azily
w)oﬁjdjjﬁwloiomaow5wlwli
S a8 ol lias iegh 5l edwl p bl .l 418 5 )18 laayY

5y ol ) el GU maw (i Lol Jule (ol slacdale
09 4 Cad Sy oy gl 39 i Jdo 4
ol fge Qi 50 Sudgn )y ol slacbale o ol

5 009 SslS Jobs i Lol Jule Y glaclale s Ll
"5 0 S5 ol b b pog YL s calple
PRy 232 0SS seyy oy Yo slacdile o oS
sl mean ¥l ©der 3 Cudsrrw 5 CdsS (o0)5 ) 99 2 Sl
S29 4 az>gi L aS 0gd o slpiin 9 W)l Coenl S
5 SVl als 6l Ll 5l sa8 j0 (G 90 cnl polae

38,5 soliiwl sV G 5l gl slacdale

&zl
[1] Young N., Park H.I., "4 study on adsorption of
Pb, Cu, Zn and Cd on to natural clay",
International Journal Environmental Resource 5(2)
(2011) 413-424.
[2] Who., "Zinc Environmental Health Criteria",
Report of the World Health Organization, Who
Library Cataloguing-in-Publication Data, Geneva,
(2001) 221p.
[3] Malakouti M.J., Homaee M., "Soil fertility of
arid and semi-arid regions", Difficulties and
solutions. 2nd. ed., Tarbiat Modares University
Press, Tehran, (2005) 508p. (In Persian)
[4] Bencko V., Nickel A., "Review of its
occupational and environmental toxicology",
Journal of Hygiene Epidemiology Microbiology
and Immunology 27 (2) (1983) 237- 237.
[5] Nnabo Paulinus N., "Heavy metal
contamination in soils in enyigba Pb and Zn Mines
District, south eastern Nigeria using metal
enrichment and pollution indices", International
Journal of Research in Environmental Science 1(2)
(2015) 48-59.
[6] Foster M.D., "Interpretation of the composition
of Vermiculites and Hydrobiotites", Clay Mineral,
10 (1963) 70-89.
[7] Bergaya F., Theng B.K.G., Lagaly G,
Handbook of clay science, 1. Elsevier Science,
Amsterdam, (2006) 1-18.

[8] Hongo T., Yoshino T., Yamazaki A., Yamasaki
A., Satokawa, S., "Mechanochemical treatment of


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html

[ Downloaded from ijem.ir on 2025-05-28 ]

[ DOI: 10.29252/ijcm.27.3.597 ]

Ol (ol G 5 (ol yols almo

in Lead desorption from aqueous solutions", 13 ™
congress of soil science, Shahid Chamran
University, Ahvaz, Iran, (2013). (In Persian)

[33] Resmi G., Thampi S.G., Chandrakaran S.,
"Impact of Lead contamination on the engineering
properties of clay soil”, Journal of Geology 77 (1)
(2011) 42-46.

[34] Tjagbemi C.O., Back M.H., Kim D.S.,
"Montmorillonite surface properties and sorption
characteristics for heavy metal removal from
aqueous  solutions”, Journal of Hazardous
Materials 166 (2009) 538-546.

[35] Coruh S., Ergun ON., "Ni** removal from
aqueous solutions using conditioned
clinoptilolites: kinetic and isotherm studies",
Environmental Progress and Sustainable Energy 28
(2009) 162—-172.

[36] Gupta S.S., Bhattacharyya K.G., "Adsorption
of Ni (1l) on clays. Journal of Colloid and Interface
Science” 295 (2005) 21-32.

[37] Donat R., Akdogan A., Erdem E., Cetisli H.,
"Thermodynamics of Pb’" and Ni’* adsorption on
to natural bentonite from aqueous solutions",
Journal of Colloid and Interface Science 286
(2005) 43-52.

[38] Veli S., Bilge A., "Adsorption of copper and
zinc from aqueous solutions by using natural clay",
Journal of Hazardous Materials 149 (2007) 226—
233.

[39] Moore D.M., Reynolds R.C., "X-ray
diffraction and the identification and analysis of
clay minerals”, ond ed., Oxford University Press,
Oxford, (1997) 819-842.

[40] Ouhadi V.R., Rafiee F., "Impact of heavy
metal contaminants of lead and zinc on the
physical and microstructure of kaolinite”, Iranian
Society of Crystalography and Mineralogy 17 (1)
(2009) 55-64. (In Persian).

[41] Ouhadi V.R., Hamidi S., Amiri M., "Impact of
Heavy Metal Contaminants on Coefficient of
Variations of Compression Index, Expansion Index
and Permeability Coefficient of Bentonite from
Micro-Structural Point of View", Journal of Civil
and Environmental Engineering 45(4) (2015) 7-17.
(In Persian)

[42] Eren E., Afsin B., "An investigation of Cu (II)
adsorption by raw and acid-activated bentonite: A
combined potentiometric, thermodynamic, XRD,
IR, DTA study"”, Journal of Hazardous Materials
151 (2008) 682—691.

[43] Turer D., "Effect of heavy metal and alkali
contamination on the swelling properties of
kaolinite", Department of Geological Engineering
52 (2006) 421-425.

[20] Chapman H.D., "Cation exchange capacity”,
In Black, C.A. (ed.), Methods of Soil Analysis,
Part 2. American Society of Agronomy, Madison,

WI, (1965) 891-901.

[21] Allison L.E., Moodi C.D., "Carbonates", In
Black, C.A. (ed), Methods of Soil Analysis. Part
2, American, Society of Agronomy, Madison, WI,
(1962) 1379-1396.

[22] Thomas G.W., "Soil pH and soil acidity". In
Sparks D.L., (ed.) Methods of Soil Analysis, Part
3, 3rd Ed.,, American Society of Agronomy,
Madison, W1, (1996) 475-490.

[23] Rhoades J1.D., "Salinity:  Electrical
conductivity and total dissolved solids", In Sparks
D.L., (ed.) Methods of Soil Analysis, Part 3, 3™
Ed., American Society of Agronomy, Madison,
WI, (1996) 417-436.

[24] Carter D.L., Mortland M.M., Kemper W.D.,
"Specific surface”, In: Klute, A. (ed.), Methods of
Soil Analysis Part 1: Physical and Mineralogical
Methods. Soil Science Society of America and
American Society of Agronomy, Madison, WI,
(1996) 413-423.

[25] Kunze G.W., Dixon J.B., "Pretreatment for
Mineralogical Analysis”, In: Klute A (ed).
Methods of Soil Analysis. Part 1, 2nd edition.
American society of agronomy, Madison, WI,
(1986) 91-101.

[26] Hamidpour M., Kalbasi M., Afyuni M.,
Shariatmadari H., "Kinetic and isothermal studies
of Cadmium sorption onto Bentonite and Zeolite",
International Agrophysics 24 (2010) 253-259.

[27] Selim K.A., Tawil R.S., Khalek N.A., "Heavy
metals removal using surface modified Glauconite
mineral”, International Journal of Mineral
Processing and Extractive Metallurgy 1(5) (2016)
46-55.

[28] Hojati S., Landi A., Alekasiri H., "4ssessment
of sepiolite ability to reduce Pb and Zn leaching
from soil columns”, Journal of Agriculture
Engineernig 36 (1) (2012) 13-23. (In Persian)

[29] Vieira M.G.A., Neto A.F.A., Silva M.G.C,,
"Cu (Il) adsorption on modified bentonitic clays:
different isotherm behaviors in static and dynamic
systems"”, Journal Materials Research 15 (2011)
1439-1451.

[30] Erdem E., Karapinar N., Donat R., "The
removal of heavy metal cations by natural
zeolites", Journal of Colloid and Interface Science
280 (2004) 309-314.

[31] Vieira M.G.A., Neto A.F.A., Gimenes M.L.,
Silva M.G.C., "Sorption kinetics and equilibrium
for the removal of Nickel ions from aqueous phase
on bentonite clay"”, Journal of Hazardous Materials
177 (2010) 362-371.

[32] Sharifipour F., Landi A., Anjel F.K., "The
comparison of Iranian sepiolite and zeolite ability


http://dx.doi.org/10.29252/ijcm.27.3.597
http://ijcm.ir/article-1-1329-en.html
http://www.tcpdf.org

