1402 / g1 oyl / 37 W | DI S gla pnss

10.22092/13SR.2023.360288.682

ool ) pm b adly Lods Sl st so S (s «.Guvf}..} SHIA 9 A

S s oo 5 Shisel ad sl B ol S0

1 .
m.abolhasani@uk.ac.ir sl S ol aed s&isls (g5, 5las sakisls (Sl e 5 pole 05,5 stk
1akzian@UmM.ac.ir gt w535 8Bl (g 55LaS saSitils (SB wiige 5 pske 53,8 slal

94 - 81 o
1401/12/9: 3 3, 5 1401/8/3 sl s

o Sr

S cilzes glacses 53 03,208 las S e a T slpe b 4Bl oid Ciplissetipe sl
Il g b0 T Cishssasisn o) g A (Gagn ool 53 IS S g s
5 LHMM 05 HMM) 5o5ts dsls ood b bl osline slie bopgdsnl s 5 sl S0
i b WSOl axil i ey SKaS L el 4 Gl ey Sls gax LS 4 (2 HMM
o 205 B S|y Sl e 5 s G QS S B s g8 Osole
Sk stz lagms GlY m alol oS sl Ol LSOl andl Bl 5l el ml e85
sl plalis glasil &S sl OLES 30 3 Osle v Cib w5l ol wawl{ o5
S3d o o el o3p I SlacilSE e Lo pltl 3 s Cuighsetige Slaes 53 L
S bl axils gloss Sl sk satign ey 4 ol 0L s S Sy S SaS L sy
SAS| Sl aallas (3L i Jidote sk b S S sl STl s L ois
5o ks s 5 SOl & Copsol Sl eds ST Cgsh s petise slay pola & 5l 0L b,
il pase Sl 0338 U e 3 el e Sl b 5T JT sl ST Ol
b isbal LIS by = b B s lel s s S s il S Shisel a5 anls e
5 I skt bedd Sl Sb aphosatise o boodd sl S ol iy SU nlT
s el LSS e L (55,21 5147 3 ) 0los gy s el Ol e w0 e 05 4550 SIS
e oo b aS 3 (S ek s 53 St il 5 SLgel a s Aol op mi oS als OLES Jiass

sy ek les (HMM) M;yu?u S el Ka SOl yos b aily

w5 Jodd ( wSSl ansl 3l JT @il ) gu cish ygaign JT sl slaeil g

m.abolhasani@uk.ac.ir : .51 «J sts oo 55 !


https://doi.org/10.22092/ijsr.2023.360288.682
mailto:lakzian@um.ac.ir

Sigel Mg al b p O U 5 I b 4Bl ks i gl 305 g T o) S S 525 (g2 5 4085 [ 82

S oS el 5 (2020 LU
b e (2013 0 5 K1)

ol 4 I Gla ey &5 das e OLiS Laanl
o e s S gy b cew
s 15 el 63 G gk 5 e

Sl T osle 0y s3 03,500 035 S
oSG eSS 5 5 (2005 OLSes 5 el
s b ey, Loz B dacle s
035 G355 Vsame hile Sb LA,
5 Sl 5 I Sl el Olse a2 S
(1982 0San 5 ) oS oo o pmime S 05 So
Sl Al e e g b 5 s Sl R
ol b il e S o5 S 0dis 035
slajesls St o9 Se o liy o35 p S 5 S
el 3l s des o slaiie 4 ales
2l LS 5 e Jelse H o 5 45 Sl
lehS) ssdp elined S s S Comex
5 035 Sose wwsl Aol 20 5 = ossol (1994
3 eSL 6850 5 p i aib e el 05,5 4w gl
S e el (551 5 S e Olse J\Uj

G 3l b G by 4 a8l S
051 a5 50T Glossl 550) e e Sl
S e L 05T (S 5085 (5l 5 Skl
s Slbanl 5 5] s 2 40 b s w3
Jets Sl 4 W bl 4 S el el ol
e 5l ol sl (19990 sy 5 ) sse
St 3l ol 4 Bl e gm0 dul b b il ous
et 3,8 15 (6 Sl 5,5 5 el (g Se sl
e e s S Ol gel 301 il
(Sar s 0d) s et 4 S s S sl 038
sskie 4 ol 2e55.(1988 ol s 5 s 1999

B of = s Jﬂ Sy Slosar e p s 4

Aodde

P R | ISP R Pt
T ST TUNC OB (GNP PR S)
(ML) Wl wmle T glilss g S w0 oS
OLes 5 oLl 2019 (g5uT 5 ctllali 2019
Glas S e oS w3l la e, opl (2020
oy s STl S5 401 55 O3 Ole w05 2.8
osle (2018 o, an 5 Lle 2008 o \Kas 5 K3)
(2003 55 4olS 5l 5 (5 o) riusppeS 5 a5 L5 4l
5 o) g ol LSS S e s el iy
O 5 ) olesls 5 (2005 ol Sea
Gl Kl S 13 ax g 355 slew (2011
ST ClacuiseS g Gl Ve & laY
53 il e 210 ey sla SIS esl gl )53 e eslinad
S Y RP VERCIU U1 U IR P PN O P
Joli b b L3 5l abe Sy bl Coish et s
308 et Wehs mha s pos VL S5
B N e T N P g S
Cd s (2002 sy 5 m0S) Zus S et
OLas 5 06LLy) e (2003 OIS 5 5ST)
350 50 (1999 OLen 5 253) <Jss 5 (2020
las S 15 eslizl

Al sl g5 aler Sl il Lol
whd ol ST IS g5 g s O e
3 IS Olse s WP g ol 53 sl dBll
e 5 sl IS 5 ol s ad Se o5l
OLSes 5 oo 2008 OSen 5 1) Ly i
Sl lea VT Gl s sl i sla e, (2010
ks 63k 308 6 5 eSS Cans dga 5
szl I Glamy w8 53 Solie Slasilss, pu
WY K 5l s Sl s O] dha Sl 355 o
5 S SIS, s (2004 LU 5 sLkl) Y 55
2019  WSUT 2015 o, 5 K1) s ot



8371402/ ,lgl o)/ 37 >/ AN S o jiays

2 sk ygetise oy 08 10 G b (lalir
SAS|y g s a0 Osk ol 2 e 200
02 a3y 15 Gl 4 Opilivgn g3 ey S 1S
238 13 (Sl Asl) Spe slosle Zlssl bl
a5 Bl sk et o 4 SISO s sl
03500 31 S lo ax 3 B0 glos 3 cole aw e
et e DT e B 0l g 103
o, Ol el leslatad b by o Oss 355 phe
NS Bl ar s B0 slos 5 e 38 s
o35 g e 200 U151 5 ednsS Ouls s 5 S
53 (2010 Oes 5 I 2008 (oS 5 3) A
Soesliad boedd ag Sl Slasy ol
23 HMM gl s 5 ool S0 S3US5 ) 50
HMM 1 HMM 0/5 HMM 3 5588 Jsls oo b ol
NERTSNE 2
okl 4 sl ) Sles gas

CLJ Soeslial L lacy S Sl
Dad e edemin yiseS glaasls gla i)
DS sl B s b e, Y o alob
A3 S s (XpEIY) i3l 5 a5 5 s 2 (XRD)
oS 5 X'Pert-MPD pres S0 a2 oKs
2 oSl adl e St as slacib g el
b a5 s 2240 lawlss o3 sdome
Losbsl pl s o KaCu (A=1.544° b
30 5, o> 5 losks 40 eras Clis asily
0 arsly Sy o and 533 4 S G Sl oo
Sl bods B akds s ax s S Ol S
(FTIR) w5 hds 33 Ople om ik olSams
Ao e s el e, e fele slasy S
s 3 Ople (i b oas b i b
4000 cm™ o550 3 5 RT-DLATGS | 3555 L 4, 53
e SO05 .88 &0 KB sla o 3 g L 400-
O ol 2 s 100 3 oas g (sla Sl plS
S slos 53 (JT D) Uil 5 (JTe D) 0

(050 0355 o3 o) 0TI O el sl
CJ; % S B
W ig) 5 250

Coishosedse o Sdshosels
L!K.LJAT )j,;“.S )\ JAJJ’._{ g)"‘ B oslaal S0 )"’V‘i"\““'
M@&'vﬁfcf]:a725 e}ucla.aj.l..p)bgf) u*’jl"
(o5, 50 T4) 20 200 U151 Tl s oy ol L
g g;.:.:}l.:)jn.b}ﬂ oD &Aﬁj_j &ﬁ‘ B LA eals s
e “:"i)j':*‘s “g )jh—vﬂ @ LS é)\f(al.: MM oo
plas 5 4 364/46 JSUse 055 L (HDTMA-Br)
C).: )\ axlllzs w‘ BLl oslaial S50 L-s-iL\A-\A:' b\}a
5 bl ag cgm 5 (Merck) s, a8 LS
) s s eslitel O Oy o 5 e O 5l yixad
o 200 SIS 5 sl Ol L3 Sk pesige s
)‘Jgﬁ)b LSLA&JG‘)E BL ok 4.‘.@.':' 4.;)4..; LA esls BE i
sla vy 4 Gl Al SIS das slaeslina sy
s Jomdl 5o b sl sk psatige JI
1/42 olie ;,.Jjjm(l) dlbe a5 L vy G55
(1) dslee

Qa = QCEC x 1073Q M

Odowss 8l 5 350 SO g AR =Qq

=Qn (p5) A sipe S5 Dl cB b e &
=CEC {p5) sslinul 5,50 ol ysaiise ooy 5lds
Cmol ) Coshygaiispn oy G558 Il b b
=Q, «(364/46) oSG, 5 JsShe 035 =M «((+)/Kg
23l Sl plaS B s 58S Jals b Bl
il doles e padsel Jetas 5 Jral S COlSG s
Oper b5 asiay ki O 1) ke 20 5 1) eas
o 80 Ll » oaids 30 Cwe 4 bl

vﬁj\dfu&:&&)y&bbuﬁoiﬁ_ﬁé‘;&bb



Sigel Mg kal b p O U 5 g b Bl ks i gl ga g Il oy S 325 (o 5 45 [ 84

25) 3= Isbme 2k 25 i L A A
WLl o lad ol oy 4 | s s Olye 4 (Lo
2 S s by bl bl 5 el
318 le ax s 3T gl L 0S5 ol plo> > sl
S e 2l e 30 dolidly e 15 e3ls 13
MM s b Slhss Ojen 5o 5 BLS1 Vg 55 sy
Jsbe gl g 5 035 on ol & e 40 200
sxe Ble 8 5 Cule s s skl 1) e 50w
Aoy 4 05551 00D Gdas I Jeols pasgel LS 03l
(2011 OLes 5 Jus) bzl by A S
BN R PR RN WL JCR PSR AR 5 e
Oisris Ol 25 Gy a0l S
5 opm) sh JBsdul Gras b edd gl snal e sl
ol g mrl S s Sl (2007 gl
it Sb o8 G sl 4o sl g sel 0 S5 S
BT L P PRt ol VWP e

5JLT 5,55 MINITAB A3l s b Jol il
o 53 oSS O g3l 3l el b bap Sl 123 S )13
Sl 5 Laslssed ey gl s A3 aylie 0/05
.45 S eslizwl Microsoft Excel XP
Con 5 b

1 s 55 (XRD) oSl antl ol S 581 s
b s b5l (MM) Coishssasisn s 4 by e
11 s cnl (door) Jisloosy Sy gl o ol IS
©bpe s b b 26l K el m;jj
el dis JealSe Lekd a1 Gl
el oy 5588 Dol i b 02 51 005 Jsles
GlY o ol LSl andl o S8l 4 ax s L
HMM 5 1 HMM 0/5 HMM (sla_o; 53 Jol o3, Ko
bl 5 2011974 518/1 138 s 5 42
oo sl ol Rl s e
Sl a4 s 5 an (MM) cosh ) sesse
Aol oy eSS S S sdalie

Sl ey s ol Ole e 55 (sl

o350 4ids 1D e w4 ol 0 il g A as
Sles gzt A sy LOT (s Condy s 5
0 AN oS S b S s ol
olal 4 cgx 10 0S s (FESEM) Sl Lix)
Tscan Vega-ll Jae oy, 5o, CsKus e
S eslanal
3 Sl a5 walp pead I 58 56
S ]

S 20 s 5 S e oy
Sl b 5 s ol b S Lygo asie
5 e ke 8 SISl s Sl (gLl
b ghls S s els jae e Jue 2 S 51 s
DS e et M2 (S S s k)
22 S e p S Ao oy 719 pH 5 as 5 04 T
S50 Flosw Lo 458 S 5 e, Sl Sk
5o 1 Ste 0 S ek gad e o 3ol OT s
Casbs s B8 Sl s 25 Gles L L sLSOL s
LA 0 gl 5O O (A b B 1o 3 60 155
FENC PR PNPL T 25 ISTPI UN-N U Qe
Aoy L) @il i v S ke 10 S1= 5 S
i g kgl o5 b 5 A Bl (s
B s hlesl A eslel G ey e g
g5 93 Jols JysSU ol b pslas S wly b
Ul 4 slas 0ok 45550 S 5 1 HMM MM) e
ar b (55,21 5147 3 ) ol gz 55 ((C) wals
RS

g5 92 boasope S ladipe ke
Aol Olge 4 oled Oy S dped S les ey
02 5 21 Gl W el Ay Gladged A L]
A Ol SO SLG s oS Bl s 25 sles
Lo A3 O alllar b 4 5 S wses S
S Gl As IS S lanl e
2 S G e 5l e 83 Al O el e
S (ids ke 02w, ke 50 o



8571402/ ,lgl o)/ 37 >/ AN S o jiays

1214 51 o) (door) slY oo ahools &5 W3 S odalie
RS NG PR P NJ;K;,T 14/4 o m;jj
oS o 52 e 4 (2010) OSGan 5 g slS
A U5 Jslas (CTAB) wiles s psipol Jutos 5 i
L3S lsS 5 esged BBl s S8 ol 2B
1213 5 (door) sl o3, Ko s @l o dsls oS
sdns LIS oS 3L il e s 2 ST 25/1 s s 2SS
OS5 3 gty Sltle 53 ColsSS) 5 340
ezl Jens Jie Gl il Sl e S0
@ s el i ) Cug v, (CTAB) wles
2018 O Kan 5 esmle) L5 S 58 1 elie
55 (2019 O en 5 SUT 2018 ol ies 5 Llo
o Aol sl b ol ) e sl Ol G geeS
CoiseS 5o bl b 358 ey glad 4 LY
wony sl 3 ol Al Djsa ey e (gl
o0 Ced 4 S hage dol L CISS e
e Ygame g iy 2l Sy SIS
3 S Sl @855 CajseS 5o SIS s 4 )
axil 6\/5}5\)@_: woarg bl gl Cujaas
slie 03533 oS A etalie 4 B 20ka S5 s S
Jol o3y Koy Y o dols il pu s
SIS e ax a5 a6 (door) s
WL el S sl ol s esls 258
Sy S As salin 4 L2 Ko Al L
sl o b Ul Sl el il ColiSa, s luie
oo FS B b s 4 ) G5
(door) e Il o) Sy gl e ol il il 58l
a5 b Sl ol oS il 5 e 2l ST LS Lais
22 g ar g JB ILST pe lde GUS s g0 4
S WS 5)S(2010) OLes 5 a aes ol
Sl b 250 e Sl 2 8 LSSy Sl (6l
o S Eel Al ey glaY e dolb Sl
BIUSLE bl 53 D3 s dile bais 5 555 o3 baaY

2 0 P88 DS b b Ole gl 03 S (e

Sl il iy eSSl sl (iS55
dol s, Sy gl o dols s 2 b By ol ool
e 3 S il e sas 4 53 (doos)
o sl Sl iS5 039 swel b ge oy p (8l Lol
Gl e ahol Il ags sl s el ey 3
lie bedd 4 T la s L3 (door) sl e, Sy
DL padisel s sl S8 IS e o slie
o GlaY oo glalas s T ol e S s
s s I s CaigeS 5 a8 S 3 et s
o R U e B G RS
G Sn ol d S s psdgel s 5 sl S8
el a5 Y ol i gl b
oo e s s S gy sl
IS g b oy g D3l b sl 5 pei 0
RPN E: JUNI TR IR VSN S I
Loy &S cul i J gl loY e gl
0 el 4B S G 3y5e OISRl 5l A
S ope S e bes S olaiasy
dsl ey, o gl e Aol 5 ol sl sualis
il ol s 0353 b T sla e (doo)
(MSUT 2005 ( SSs 5 JBY) ol 035 iy il
(2020 o1, 5 OLLL> <2019
oo (2008) oLes 5 Lss sk e
055 b G55 sl S B ol Ol w1 sy
23S 7ol (CTAB) Lilas p pssipel e 5 oo I
Cost o b Sl o ol &S s ped sdalie
0375119 w o5 2 KT12 51 JT s s s 51 A
dols &S W sdalin 50 Kos andlas 3 il il
Lo sy oo (door) Jsl o3y S sl o
(HDTMA) ¢ s pol hitns i ol Rn il 5
14197 51 g ods JT 558 sls e b L Uoles
5 senlsS) Sl bl o 2 SOT 21196 o o5 2 S
5 (2011) sdl 5 olal i es (2011 0 SCen

goesls n sl L ST L L Clshsatise o)



SUsel a5 dulp p O S 5 sl g b 4l ks Soishs o8 s M ) S 25 sz 5 4451 80

e ahol Sl 4 Odn Gl S SOl e

2yl L sl

do=13.8A

Intensity

4.‘8A 3|e€.§4A 2ﬁ7A

0 5 10 15 ggjegrzeg) 30 35 40 45

COUSE jguw b 4Bl ek () Sl il @] 59351503 -2 JSS

Jol5 byl il 075 Jaleo gigel Jstors s Juwsd! ;50
(O/5 HMM) w, a8

doo1=19.4A

Intensity

0 10 20 30 40 50
2 (degree)

L Al pudd gy wS] Al 01,5 955,85 - 4SS
Cadyb il 2 Jolao @omigel Jako s Jawdl 5 CILSS gm
(2 HMM) o, 556585 Jols

S Olws 4 by e 3626/53cm™ s wb IS
3438/02 cm™ ix Wb ey gltle OH oy S
em?t i b H-OH  2iS Ols « by
em? i L C-0-C fele o355« b 2363/77
em ol b H-OH iwx Ol g & by 0 1633/47
Si-0-Si (slaes S 3 i3S Oluwy by e 1045/48 1
© by e 919/23 em™ Lis b e, Jdal o 45y
Ly 799/97 em™ i L AFOH 225 Ol
526/13 cm™ Li> b oy 3 SIFO LiiS Oles 4
Jdalst Y s Si-0-Al Lies ladley 4 by

G Oday Sl 5L 25 COSE ) s Ui e diS S

M 4 oS SaslS Dls i b L sk st e

Intensity

0 5 10 15 20 25 30 35 40 4

20 (degree)

3w Cadghs joiige () (Sl dxndl 1,5 938,85 -1 U
(MM)

Intensity

0 5 10 15 g?degrgg) 30 35 40 45

COUSE jgm b 4Bl ek (o) (uSQl ardl 0 S'9351,85 -3 U

o) P95 S5 Cud b Jolre pgsigel Jaie )5 Jawdl 350
(1 HMM)

oy Jobs slaoy 8
g aus bds o ped Ol glacib
03,8 Skt esliad Loy Jols slaes S apts
wals 53 pa 3 Osle axdl Dl 4 bl ols uls
Gloos S ks byl D 53305 (ol e Uk
L by g Iob Sl doy e Lt ile
ol s apd esls iled e Ossle glakl gk
Sl s 3 L ol plubs bkl & ek
gl gy S A5 edalle al on sk el e
Al il satisn oy & ISy 35,5 Lokl
aos s 33 el slacib B s s S s

ol o3l sdalie LB (MM) sl ) saign o



87 /14021 ,lg1 o)/ 37 wl> | AN S o jiay5

Slea L3 (MM) sl Sl psasipe oy 53 355
S 5 e Slalle s b laz e Jsb ed s
e gl old e ol glalil 2 LSS
em™ 5 1479/11 cm™ 2930/34 cm™ 2851/37 cm™
53 Sy s L oo slaes S & Glaze 621746
3o Ade ekl plebs cal JT gla ) oyl
o b by padel e (55 Jowsl S IS e
ol g S e el Csksetis o sleY
O bkl ol sy R OLKEasn Sl
skt e 5 J SIS e
Ol e slad sShe 0 Szl wnl il
(2010 555 5 J) &S o Al 15 Gk Lo oy
a Ly ST, Sl

Gla ey S i edalie bl pl s
0S| Lol sl ST (MM) lsgd o5l 5 g s
M=) J5b1 55 bl s S slawl 5501 8 Sl 5 s
Coshspetise Gl (3K e (Sasty (J
posel a5 JomdlSn Gl 5 b ots I
eS|y, 1 Las 3 (2 HMM 5 1 HMMO/5 HMM)
Sy gl s o kiST o 4 50T 5o Ll bl
OF sdias Ol ey SuS1, bl b3l 5l okl
(MM) st Cshosmtise Glam, & ol
Lods JT sl satise glamy bl dies G o]
oten 52 ST sl Jins 5 Jeal S0

5 s ol ol 5 T slagas ol
by dpd e Wlyie il 4 bedls
IS o g DSl b g5 B 1 WaOT ol 5 e
(2006) Ol 5 (S3on 3o S ool oslinal 5,5
53 1 bap s gel LSTT dile Lot s 31 oslinud
3 b 048 Sl Gl I s CasseS S8
ek el i5e I sl seck s Bl
Jsls b 5l ilsSy ge psal Jale slass S &S

9 o w.;.:b LAU'") V_i.,l.w LSLAQ).JS L: ‘ij"

5 s3) Sl oy Jhdalst oY s Si-0-Si e
s 5 32010 cosla 5 Ol 5L e 2008 (01, 1Sen
LL 3 Si-0-Si i8S Olugs Jsens o5k 4 (2010
5 bs3) Ll 355 4 1000-1100cm™ i
v by s aBb6 sl e (2008 ol Sen
i Al sl ans a3 Ople glacid
2 51 05 Jslas pyisal Lras s Jowsl S L asily
HMM) sl stz s G588 oo b bl
sl (2 HMM 5 1 HMM 0/5
Ly 3627/07 cm™ i L b J ol 5o
CM’ pdem b ¢y ot lw OH o5 8 iSOl
slakl H-OH _aiS Olug « b, . 3435/76 *
Olu s 4 by 0 2930/34 cm™ 5 2851/37 em™ i
KL CHz 5 CHy Jue 5 e Oolael 5 O)lize 228
LL C-0-C Jole o5 5 & by e 2368/29 cm™ i
H-OH _iex Olus « by s 1639/32 cm™ i
et Oley 4 bae 1479/11em™ i wL
oem? s L (CHy) e 05,8 L 5 (NHT) oy 5ol
Si-0-Si glaes S 3 245 Oley by 1046/28
© by e OLTIA3 em™ i L ey JIydal 5 43,5
© by e 199/4 cm™ i kL AIOH i ol s
621/46 cm™ Lix AL ey o3 SIFO aiS oluy
Ll Sl L ble laes S 4 by e
Si-0-Al it cbole s 4 by e 524/64 cm™ o
© by e 46411 em™ i L e, JdalsT &Y s
ol oy Jdalst aY 55 Si-O-Si Lias glapla 5
2010 «ojls 5 Olyl 5l e 2008 OS5 153)
Jds 503 Upsle glacid 4 a5 L (2010 (g5 5
Cslize slie b oedd ag JI oy am cpl 53
Sy plad o A3 salie s sel Jites 5 Joma 5Sn
O3le slacib avslie bl OLSS T s 4w
Slagro b adsl Soskospetise o ans LS 8
A3 odalie pssal finis 5 sl 50 b st g I

dJ}éLﬁ&Lj@JWOM%@SJIw}MJ‘)JAS



Sigel Mg kal b p O U 5 s b Bl ks i gl ga g Il oy S 325 (s 5 465/ 88

Ly Bl s 0 41558 2 305 gl (slaib -6 S5
S5 Cud B 2 0F5 Jslao @gmigel Jako(s 5 Jawdl 35 €SS, gm
(0/5 HMM) yw, gsils

3 b )

L 4Bl i oy 2598 o 50,8 (93l (slacib -8 S
JOL5 Cud b gl 2 Joleo egnigel i syl Juwd 350 COlSS gm
(2 HMM) (0, 958

s b I bailsG s 03558 a3
ERCO P U e Sl e Lol fas
5 I OLS S Wlg e s eds fds Sl
5 0lSs) WS IS 5wl e 1 s
5 01 2014 LK 5 g seer 53 2011 01,0
(2015 (ol
e i Bosm 9 G SOl s
Cosopdse o 388 9SS s
ol Ol il s gliSh5 53 (MM) lsain
sph e sdalin & 53 &8 480ka Ll edl
sl 5wl log Sl i Sl sl
s aetS BB 0T s sl S5 s Sk
w opsbas ol e e S S s LSS el

W) odalin J.;La CM)

Gl o b il s cpl 5 ST LT (gle i3

0¥y 498 B 0,8 (49l slacib -5 S
(MM) 1303 0 Cupighs yg0iige

QBY kS gy 4598 I 3058 (y9dle slaciub -7 JSW
Cudyb Jolro pgrigel o 5,5 Jawdl 35 CoUSE jgm U
(1 HMM) () (Sosl8 Jals

asdllas 55 (2011) OlCen 5 tale (i e

Shls Clshsatipe oy &S Ll iS5  s
3 5 el 3w s Ll Glad sl
Slasacks OIS 5l a4 Gkl 5 el cpa
slad s Jﬂ Gl s ol 54 e 2 Jﬂ
sl S Sl ey 50 3l e Y e
ol [2l5l S8 cplams S S e LS 5 ST w
Jss il s e e e sl (Gl
il b Cislissasn ST lay o
o 03 350 (S 5 i) B Kl b s
SAAS o) I oS b o sets
d Cod odd JU sl Lsd e sl (p sl
sl gln s ey 1 SOl @l ok b b
Sl) dmes b ki 5 T Glad S 0SS
S L5 0l s s ol Ky (2011 ol en



89/1402/)‘-&1 BJLM:/?)? -U?/J'/ASB ‘5‘.&&}2

lises (51 25 ;52 35 (MM) l3miuw Cuigh y9oiige (o, (FESEM) (o (9 58Il 98wy o paglai -9 JSG

TN =S RS ES SPRRE A
3ok ol slaY Gy glab g rhy OlSS se
S b5 5005 5L e Sl i 1y e glaaY
S odalie
5 Sligel sdgi aialyd 50l JI (2,2, 556
SB ol

sl iylS a S e Sldlas el
035 e b el 0 pelSdi sl 301 13 S
S S gl s Ol 5 Cnl o S ol
5 o) cwl St s s S el ey 5y S
(1999 . .55

gl & ® SIS
WHT = SO0V WD e Piugin s = 7118

12 6 10 GbJSs 5 sprpe sl

Joral K SIUSG ) e b 4l i ooy S5 5355
55 (2 HMM 5 1 HMMO/5 HMM) wyi Jtecs
goary Lo e Ol cilshe gl S
S kot o m Sl o oS LS edalle sl
ps5 sl Jeies 5 Jemal Sn i s Zslite alie L
I W VYT PR R P R P P cobe b S
sty e slad 4 I it a0 s«
(o g b DS Gl (S ey S1s
Sl S k5 Culis 503 S 10y bL
(12 6 10 b8 el sas sl
2 Sl e S 2 g s 5 blseal
s amlie bl Lasie WSl
HMM) T sl s a0l sy oo
Sl LS s sdalis (2 HMM 5 1 HMMO/S

= o el
L] = h":_ .

]
22152 015 Jolae ogmigel Sk g5 Jumsal ;50 COUSS jomw b 4By yondS oy (FESEM) (oning (539 55Ul 295y Sio gl - 10 JSs
ihitco (B iS5 3 (0/5 HMM) (o, (Fonil8 Jals byl



SLisel Mg dulp 5 0l U 5 LSS g b 4Bl ,eid i gy 303 s I oy S S 505 i 9 465/ 90

Cud b Jaleo @gnigol ito g5 Jauwdl 350 COUSE jgm b dily yud (o) (FESEM) (odsgy (59 58! gSung Sue yaglai -1 JSUG
o S 2 liS 35 )3 (1 HMM) () Gesils Jals
= & o

z z " Bigr A w CASD
= L e i v = P17

2112 Jales @snigel Jnia s 5 Jauwd! ;50 COUSS yomr b 4Bl S () (FESEM) (oabingy (39 580! 295wy ySao yaglai -12 JSCid
s g oS )5 50 (2 HMM) o, (o5 Jali cud b

el T e w3 = O gl g0
osb 4 aisad nl 53 Ol ol 33T Al b Ol
oo (O wels s 5 W Sk
05 0355 5 o 31 bl (MM) sl 5505 50
B sl KasG b Sy Bl o S
Soge el S Gk 3 e S jole
Lo a8 etalin (1999) oS5 5 o) 2ndse
CASeLl 5 Skt g 13 4 il ke 03558
Dl SOl ol 33 31 e psdigel 5 SIS § seme
03 055 (S ATP Jliie L IS jdee 035,25 e
3L (Stan (SIR) |ty 51 36 ki 5 008
« (1988) olyian 5 T .(r=0/83 & 0/91) sl
5 Ol ol 555l G e (Sanen 3525
AU s gad o)Ll St 055,50 OAS Sdas s e
5 OlgS Cuimesst g6 (2016) oK
s S5 S s Sl K5
S sl Ol WOl Sladss @ s Lol S5
ol olS vy, ke 3 eslinal 350 Cu S 5L

Folse plp 5 olS iy, Cuglie 5 S3slse IS

g5 e Al ol LG beesls (il jly 45

Lol Lol blize 5 0l SO Ol e ¢y
Nsgmn Aoy3 5 o 53 Sk 0yl gl o350
o5l U oSl amlie @l el o
(MM) i 5 3o 3o s 03,8 L1 U 0 gl S o]
Ll s I caislossatipe s 5 22 U8 S
Sl i B (HMM) ool e 5 sl S
Db S ol el (13 JS) s ol
Lo Slog St by je 050l ol 0035,0 Olsn
{(HMM) rj:if’i e a5 bl ks e
ool Ui teS 5 Oaewl SOl 55, T 028 51
gars Ol 3 (C) aals St 4y by je 050l 5ol
CS LS wdeaalin 13 ISE ey Ly Siles]
0ol gl (35T o 5 sl ALt gl 5 Olej
old Hlad S gl gad 3 sl Sl Ol sk
(HMM) rj:if’i e 5 Jowsl Ko Lasly i s b
Sl 55 TG 1l 53 &l S ol 3,1 O s
Loy a4 b el Jals as ol b e 5wl

ool Ol Rl b tie L, ol



91714027 ,lg1 o)/ 37 >/ W S o iy

N
3

e Saiigol [y

N
L

(ugNH,*g12h)
- o

o
3

o.,\::)' e:}a’ Py UMMA 9 S BEEERC K2 ‘)LS)[M
5 LSS 5 5SS Glan T el 55 s S

——C
—&—-MM
HMM

1

7
(592 OgwligSSl o

14 21

4293 25 (o3 )3 (y9mlisSl (loj CunidS b JT () 9 Cudgh ygoiign () ypi> 1> S 13 (gmlSuinigel (il Cllad - 13 S

03530 b 5 eslinal S ghis gaipe oy Sl Bl a3
S ) s Szl (HMM) [ PNCR W
)NJ G2 ge Azl 534S (A Ji.xgﬁ)fgigwﬁgi
S b5 SIS 5 Dl Ul e nl 03
O 5 s 2015 oLKes 5 0T) Wb e
Sl s (2014 OSes 5 ohper s 2011
IS 5 Clom b oS sl ol sdaline a8 S 50
sy ok J1 by 5 s S sy L3
ols & (b il Go b ) e 3T Osal s Jame
S LOT (L 015 e 04 o sadees 5 0oL
LSL“V'iJ'j P Jﬁ.\.‘ GBI O S I Y5 B
Aok gl oS5, 5 s b Sadsssn
LSS b bl (IS0 e 53 358 e
SOl o Joo b 2 pd o ol en sasn 5 )
5 aal) ssie ode Vb Glaesss sl sl
wg I s S ol b a3 .(2008 (ol en
ol s el gl S a4 sl
a0l kst JI s 4 sl Slem
5 S gl sl bl s s Bl

b i 3 Lol S5k 0s A1 s

Sty b Coshogetise o asn ol 2

15 ol HDTMA oS o slise polie Jo 5
oo (MM) et ey 0353
(HMM) T Sl b o 3ol il ga 5o
S s 85l 5l Sl W ls e sk
O e 5T 5T s s Sl a3l (1
el psisel plg Jpame 5 WS Wl ol
Sl 03w ek by Jsbo 25 5 50 Slan 51
oo w |y sl cJls S s absS Ol e
Olazst b ol Jlad 1o b 4 528 oo s 4 S w2555
3l e LK )5 031y s 11y s
53038 e a3l s Jibo Sos s 0150
Slaiss b sl el Sl Gl sl ol
S et ol dhex Sl s e eslanal il
bl Opolg Jamms oiige 5 o3l 2Ol s
Lo podige J5as 532009 ¢ SU 5 e suSs) ol
el Dbl Laoms 3 a5 5l eslinel b b 5T 0 50l
w3 ol SRl Ol e OT Sl ot
53 (2006 o1, en 5 s 2009 ( ST 5 0 saKs) A2



Sigel Mg al b p O U 5 I, b 4Bl ks i gl 305 g0 T o) S S 525 (g2 5 405 [ 92

10.

11.

12.

13.

14.

15.

16.

el Sl s Slosis Camal 51 plw 5 SIL (65,lS (s

Ai, L., Zhou, Y., and Jiang, J. 2011. Removalofmethylene blue
fromaqueoussolutionbymontmorillonite/CoFe,O4  composite  whitmagneticseparation
performance. Desalination. 266: 72-77.

Akyuz, S., and Akyuz, T. 2003. FTIR spectroscopic investigations of surface and
intercalated 2-aminopyrimidine adsorbed on sepiolite and montmorillonite from
Anatolia. J. Mol. Struct. 651: 205-210.

Alef, K., Beck, T., Zelles, L., and Kleiner, D. 1988. A comparison of method toestimate
microbial biomass and N mineralization in agricultural and grassland
soils.SoilBiol.Biochem. 20: 561-565

Alshabanat, M., and AL-Anazy, M. 2019. Effect of cationic-surfactant-modified Saudi
bentonite on the thermal and flammability properties of poly (vinyl alcohol)-based
nanocomposite films. J. Taibah. Univ. Sci. 13 (1): 360-369.

An, N., Zhou, C.H., Zhuang, X.Y., Tong, D.S., and Yu, W.H. 2015. Immobilization of
enzymes on clay minerals for biocatalysts and biosensors. Appl. Clay Sci. 114: 283-296.
Anakli, D. 2019. Effects of the three types of surfactants on the structure of organo-
modified bentonite.Eskisehir Technical University Journal of Science and Technology A-
Appl. Sci. and Eng. 20: 30-35.

Bashour, I.1., and Sayegh, A.H. 2007. Methods of analysis for soils of arid and semi-arid
regions. Food and Agriculture Organization of the United Nations, Rome, Italy.

Bastida, F.Z.A., Hernandez, H., and Garcia, C. 2008. Past, present and future of soil
quality indices: A biological perspective. Geoderma. 147: 159-171.

Baybas, D., and Ulusoy, U. 2011. Polyacrylamide-aluminosilicate composites for
thorium adsorption. Appl. Clay Sci. 51: 138-146.

Fujimori, A., Arai, S., Soutome, Y., and Hashimoto, M. 2014. Improvement of
thermal stability of enzyme via immobilization on LangmuirBlodgett films of
organo-modified aluminosilicate with high coverage. Colloids Surf. A:
Physicochem. Eng. Asp. 448: 45-52.

Gatahi, D.M., Wanyika, H.N., MumoKavoo, A., Kihurani, A.W., and Ateka, E.M. 2016.
Enhancement of bacterial wilt resistance and rhizosphere health in tomato using
bionanocomposites. Int. J. Hortic. Sci. Technol. 3: 129-144,

He, H., Ma, Y., Zhu, J., Yuan, P., and Qing, Y. 2010. Organoclays prepared from
montmorillonites with different cation exchange capacity and surfactant configuration.
Appl. Clay Sci. 48: 67-72.

Hegedus, 1., and Nagy, E. 2009. Improvement of chymotrypsin enzyme stability as single
enzyme nanoparticles. Chem. Eng. Sci. 64: 1053-1060.

Hund, K., Zelles, L., Scheunert, I., and Fort, F. 1988. A critical estimation of
methods for measuring side effects of chemicals on microorganismsin soil.
Chemosphere. 17: 1183-1188.

Iliescu, R., Andronescu, E., Voicu, G., Ficai, A., and Covaliu, C.1. 2011. Hybrid materials
based on montmorillonite and citostatic drugs Preparation and characterization. Appl.
Clay Sci. 52: 62-68.

Ishii, R., Nakatsuji, M., and Ooi, K. 2005. Preparation of highly porous silica
nanocomposites from clay mineral: a new approach using pillaring method combined
with selective. Micror. Mesopr. Mat. 79: 111-119.


https://www.tandfonline.com/author/Alshabanat%2C+Mashael
https://www.tandfonline.com/author/AL-Anazy%2C+Murefah
https://www.tandfonline.com/journals/tusc20
https://www.researchgate.net/profile/Duygu-Anakli-2?_sg%5B0%5D=SBkvk-cew9rSJiCBcCKlIE3L3138WqRO5oTVTmyNUsllL6DwfDIunrTaVStJVpNkqfnG11o.lFjy1aWOoCC5-G1CjoK75OFVRTFLcxO1W56fy2Zt01f14z5Iw35HLhxtpQOPfVM2_wuhZ64G75QhslYhLXtmFg&_sg%5B1%5D=evrD-V_2SUFb_1khLYJAf7Y1zOwdtAgyzBEZfHU9ENMvyBdD85Jn0AK9IamxM2CX2U679wY.MyBU2E0-gz4PiTwAlFFnBqMVB8oBgrmg_yo9sxCPdk8WM9tl4baGX9MvORfpxHPImmvW9-dZjEBy26EJxIJdDA
https://www.researchgate.net/journal/Eskisehir-Technical-University-Journal-of-Science-and-Technology-A-Applied-Sciences-and-Engineering-2667-4211
https://www.researchgate.net/journal/Eskisehir-Technical-University-Journal-of-Science-and-Technology-A-Applied-Sciences-and-Engineering-2667-4211

9371402/ ,lgl o)/ 37 >/ W S slba jiass

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Johnatan, D., Castro-Castro, J.D., Macias-Quiroga, I.F., Sanabria-Gonzalez, N.R. 2020.
Adsorption of Cr (VI) in Aqueous Solution Using a Surfactant-Modified Bentonite. Sci.
World J. Article ID 3628163, 9 pages. https://doi.org/10.1155/2020/3628163.

Kandeler, E., Poll, C., Frankenberger, W.T., and Tabatabai, M.A. 2011. Nitrogen Cycle
Enzymes. In: Dick R.P., (ed.). Methods of soil enzymology, pp. 211-245. Soil Science
Society of America. Madison.

Killham, K. 1994. Soil Ecology. Cambridge University Press.

Kim, J., Grate, J.W., and Wang, P. 2006. Nanostructures for enzyme stabilization. Chem.
Eng. Sci. 61: 1017-1026.

Koswojo, R., Utomo, R.P., Ju, Y.H., Ayucitra, A., Soetaredjo, F.E., Sunarso, J., and
Ismadji, S. 2010. Acid green 25 removal from wastewater by organo-bentonite from
Pacitan. Appl. clay sci. 48: 81-86.

Koyuncu, H., Yildiz, N., Salgin, U., Koroglu, F., and Calimlt, A. 2011. Adsorption of
o-m and p-nitrophenols onto organically modified bentonites. J. Hazard. Mater.
185, 1332-1339.

Lagaly, G., and Dekany, I. (2005). Adsorption on hydrophobized surfaces: clusters and
self organization. Adv.Colloid Interface Sci. 114:189-204.

Li, S. and Wu, P. 2010. Characterization of sodium dodecyl sulfate modified iron pillared
montmorillonite and its application for the removal of aqueous Cu (I1) and Co (I1). J.
Hazard. Mater. 173: 62-70.

Li, S., Wu, P., Li, H., Zhu, N., Li, P., Wu, J., Wang, X., and Dang, Z. 2010. Synthesis and
characterization of organomontmorillonite supported iron nanoparticles (Zero-valent
iron). Appl. Clay Sci. 45: 330-336.

Lin, Q., and Brookes, B.C. 1999. Arginine ammonification as a method to estimate
soil microbial biomass and microbial community structure. Soil Biol.Biochem. 31:
1985-1997.

Ozturk, H., Pollet, E., Phalip, V., Guvenilir, Y., Averous, L. 2016. Nanoclays for Lipase
Immobilization: Biocatalyst Characterization and Activity in Polyester Synthesis. Polym.
J. 416: 1-17.

Page, A.L., Miller, R.H., and Keeney, D.R. 1982. Methods of Soil Analysis. Part 2:
Chemical and Microbiological Properties. American Society of Agronomy, In Soil
Science Society of America, Madison Publisher, Wisconsin. USA.

Paiva, L.B., Morales, A.R., and Diaz, F.R.V. 2008. Organoclays: Properties, preparation
and applications. Appl. Clay Sci. 42: 8-24.

Ruiz Hitzky, E., and Van, A. 2006. Clay Mineral and Organoclay Polymer
Nanocomposite. In: Bergaya, F., Theng, B.K.G., and Lagaly, G. (eds.) Handbook of clay
science. Developments of clay science. p. 583-621. Elsevier Science Ltd. Amesterdam.
Sana, A., and Khizra, Y. 2018. Removal of Organic Pollutants by Using Surfactant
Modified Bentonite. J. Chem. Soc. Pak. 40(3): 447-456.

Santos, D.A., Viante, M.F., Pochapski, D.J., Downs, A.J., Almeida, C.A.P. 2018.
Enhanced removal of p-nitrophenol from aqueous media by montmorillonite clay
modified with a cationic surfactant. J. Hazard. Mater. 355(5): 136-144.

Sinha Ray, S., and Okamoto, M. 2003. Polymer/layered silicate nanocomposites: a
review from preparation to processing. Prog. Polym. Sci. 28: 1539-1641.

Siripatrawan, U., and Harte, B.R. 2010. Physical properties and antioxidant activity
of an active film from chitosan incorporated with green tea extract. Food Hydrocoll.
24 770-775.

Theng, B.K.G., Churchman, G.J., Gates, W.P., and Yuan, G. 2008. Organically Modified
Clays for Pollutant Uptake and Environmental Protection. In: Huang, Q., Huang, P.M.,


https://doi.org/10.1155/2020/3628163
https://www.researchgate.net/journal/Journal-Chemical-Society-of-Pakistan-0253-5106

Sigel Mg kal b p O U 5 s b Bl ks i gl ga gl oy S 325 (s 5 45 [ 94

36.

37.

38.

39.

40.

41.

42.

43.

and Violante, A. (eds.) Soil mineral microbe organic interactions: Theories and
applications. p. 145-174. Springer Verlag. Berlin.

Vougaris, D., and Petridis, D. 2002. Emulsifying effect of
dimethyldioctadecylammoniumhectorita in polystyrene/poly (ethylmethacrylate) blends.
Polym. 43: 2213-2218.

Wicklein, B., Darder, M., Aranda, P., and Ruiz Hitzky, E. 2011. Phospholipid sepiolite
biomimetic interfaces for the immobilization of enzymes. ACS Applied Materials
Interfaces, 3: 4339-4348.

Wright, A.L., Hons, F.M., and Matocha, J.E. 2005. Tillage impacts on microbial
biomass and soil carbon and nitrogen dynamics of corn and cotton rotations. Appl.
Soil Ecol. 29: 85-92.

Zhang, Z., Zhang, J., Liao, L. and Xia, Z. 2013. Synergistic effect of cationic and anionic
surfactant for the modification of Ca-montmorillonite. Mater. Res. Bull. 48: 1811-1816.
Zhaohui, L., Bowman, R., and Jones, K. 1999. Enhanced reduction of chromate and
pelletized surfactant modified zeolite/zerovalent iron. Environ. Sci. Technol. 33:
4326-4330.

Zhou, Q., He, H.P., Zhu, J.X., Shen, W., Frost, R.L., and Yuan, P. 2008. Mechanism of p-
nitrophenol adsorption from aqueous solution by HDTMA™-pillared montmorillonite
implications for water purification. J. Hazard. Mater. 154: 1025-1032.

Zhuang, G., Zhang, Z., Guo, J., Liao, L., and Zhao, J. 2015. A new ball milling method to
produce organomontmorillonite from anionic and nonionic surfactants. Appl. Clay Sci.
104: 18-26.

Zohra, B., Aicha, K., Fatima, S., Norredine, B., and Zoubir, D. 2008. Adsorption of direct
red 2 on bentonite modified by cetyltrimethylammonium bromide. J. Chem. Eng. 136:
295-305.



9571402/ ,lgl o)/ 37 >/ W S o iy

Preparation and Evaluation of the Organo-Montmorillonite Clay
Modified with Surfactants and Their Effects on Ammonia
Production Process from Arginine in Soil

M. Abolhasani Zeraatkar *and A. Lakzian?
Assistant Professor, Dept. of Soil Science, Faculty of Agriculture, Shahid Bahonar University of
Kerman; E-mail:m.abolhasani@uk.ac.ir
Professor, Dept. of Soil Science, Faculty of Agriculture, Ferdowsi University of Mashhad;
E-mail: lakzian@um.ac.ir

Received: October,2022, and Accepted: Febtuary, 2023

Abstract

Organo-clays, like organo-montmorillonite, have attracted interest in different
sciences, due to their wide range of applications. In this study, three types of
organo-montmorillonite clay were produced based on Cation Exchange
Capacity (2 HMM, 1HMM, 0.5 HMM), using different amounts of hexadecyl
trimethyl ammonium bromide surfactant. To analyze their properties, X-ray
diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, and field
emission scanning electron microscope (FE-SEM) were employed and clays’
dispersive capability was investigated. Results of XRD showed that the basal
spacing of the treated organo-clay increased. Results of FTIR spectra also
illustrated that the newly identified bands in organo-montmorillonite were due
to organic surfactants. SEM morphological study of clays depicted that
although the montmorillonite clay was in agglomerative form, treating with
organic surfactants altered it to the shorter layers with porous surfaces. Results
of XRD indicated that treatment on organo-montmorillonite changes the
surface properties from hydrophilic to hydrophobic, and this affects the
absorbance of organic pollutants and enzymes. This study has an important
role in preparing the cheap organo-clays, employing such additives to decrease
the environmental pollutants and increase the biological activities of the soil,
specifically to activate the soil enzymes. Effects of applying the organo-clay on
L-arginine ammonification process were then determined. Experiments were
carried out using a completely randomized design with factorial arrangement
employing three clay types (montmorillonite, montmorillonite intercalated with
hexa decyl trimethyl ammonium bromide, and the control) for five durations (1,
3, 7, 14, and 21 days) with three replications. Results indicated that the highest
ammonification of L-arginine, as an estimate of the soil microbial biomass, was
in the soil samples that were treated with montmorillonite intercalated with
hexa decyl trimethyl ammonium bromide (HMM) surfactant. Results indicated
that the change in the soil. Environment surrounding the enzymes with the
organic surfactant increased activity and stability of enzymes in soil during the
21-day incubation period.

Keywords: Organic surfactant, Interlayer spacing, X-ray diffraction, Fourier transform
infrared
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