[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YOF B YYA Glonis ) F- ¥ S cpgo o)losd « wo0 3L 050

0

&b

Available online: https://ijhe.tums.ac.ir

(@

"

d.f.hj}_ag Jle

sevell ¢y
KA
s
(AEH) |

s
U,
o, o™

" Of Environ™

b g0 (sl ystolyly (6 lwainter s SBA-16 49950950 bawgi o (sl Sl 31 551 o Ky Bi>
Tl b (5 31 oolasiu!

Slo aobl ¢ g0 630, 1 0 ¢ Slowk ailons F (6 S8 undozme

Q‘)"‘ 63,99 ¢ 60,9y Ul u.)—l oKisls ‘4;1.\ |°5l‘c ouSiials ‘(5‘“‘““ 05;

o.»_<o A d0 el IS bl

og 4 ML a_aay “5{1 e jo xo slaoan Yl Jgma b da g Lo g dduo) CRVRN

edb o fu,yb
Uit S5 g5l oAb i aallas ol 51 Goin -] (6555 yol Sy 55 ol 20 &

s SBA-16 3555053L 5l solizusl L 53 ::://://:‘v ioiln C‘”t
codl> )L\_u‘}al)sl J_M\JJG.LC‘I)H) i LgL.m)i;al)li J_':'| ‘J_.oL'> axJlao IO T ¥ Y9 VFoY/ o5 /Y5 Ut:w‘ g)b
4 * .) ”)

> 153l 5 K 4 0 45 i gnelS 55 s 3315l i 3 (el iy 5 Lo

A ey (RSM) iy gelass g5 40 (o]

0+ °C los PHEF/-Y aigy Lyl i jo G3la haosgs sany¥T B e oy iy sLbasdly

el Cews [ T g LAl Jlaie g Ve PP odig s L adgl cbile YO min Ll ola;

Sl 598 seSY p el L]y ctilhae fn iten (pde L3, a8 ol plis Laatdly (ioren

] o5 355 ol glales o 5 oS £o0 5l is o997 U (e iz g aals (Blg

SBA-16 Lils Liwg ol lasre 5l 550550 Jite dmo,d AMF + iy bl 0 1o pmaSazmuis Gl ko (B9, <5l gl o 5, SBA-16

& YYIVY Mg/g 55l 5l Je ooVl i (sl (q ) o3l )b 1 5STas 5 ass 5 Bis & 3Lt
$lg5 oo ity gl o a5aSs ) i ;0 SBA-16 55930536 sV il 0 az g5 Lol e
gine 2l Sl 5 laodlols aiai 5 55, slaoan¥T Bl s oulis asy ¥

P

t oo 0 s 9 (SS9 S Loy
m.h.fekri@abru.ac.ir

Please cite this article as: Fekri MH, Soleymani S, Razavi Mehr M, Saki F. Removal of methyl orange dye from aqueous solutions by SBA-
16 nano mesopore and optimization of effective parameters using response surface method. Iranian Journal of Health and Environment.
2023;16(2):339-56.

Copyright © 2023 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@ @ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

oolatwl cadgl an o b 5l abal Ko sl SuST L ans i
G100 e e b 1o o pdyllasl g Solw (Oluy jloame
D)9 ¢ g0 QL.»Sf 9 LQou\.uy—‘ 4 oy U»Lm}).».c 9 UL‘*’]
s Vb CedS b ol oy ol B )5 18 (g i 4y
500 sblie 5l SB s slge g ol5T sla ool LSis pac
\)‘9.4 )‘ oolaiul 0)5).0‘ (\ﬂ c\A) J)TGA s.:Lm.> L wj) U"‘
chle gals cpm YU i o8 b b cwndl )l il
Moyl y JBlo s g Olan 0 39290 JT (sloaisV]
! o.>)5 g.A.l> .)9.> aQ ‘) ulﬁ.@.?be ).la) sul.uLo O Jay).n
‘Jl.wﬁ U"; aQ u‘y‘sa oolazwl Sy94 ubl} 0‘9./: c\.Lo_‘> )‘
(S P slacns; olesiS 5 oS sle ek
oylil Hhas oS Sasxe I8 ST Lol (o, S
Sl 5l B opl o eolitwl 090 slasdl> oyl j0.8,5
VAN Jlw o ales 5 ol asis 5 gl i (oYL
‘)l—!)l_.l Lol w oli_..';’.._;b )J cQ‘)lLo._Cb 9 9_a“) .‘a_ws_a
Gygal Jdo s jilesTpbgaso oo Wl 58 JIS
B9l hlo)lo b slw o)l e ch b Sea il oy

.l oai 4, 5 (Santa Barbara Amorphous)
oS el L s el a el
SBA-16 4 SBA-15 SBA-11 .SBA-8 SBA-2 SBA-1
iyt SBA-16 5 SBA-15 LT Lo 5l a5 5y ob 1,
oyles hls GlS 5 ol Kles,S > 095 a4 |y azgs
Ll piie Fe-0 M o Ll Olias ojlasl g SIS
WAils Veee-fer MG sgas mhe Colue ioen
ol sS 5l o8lizl b goumsl Lo ;o SBA-16 4 SBA-15
ST oLl L) EO-PO-EO gt o aus
OB 4 Jlad slge (VY (Ve) g oo jiiw (apaST Glag
¢ oo ot c0a oz Sl @)l LS 5 ol i yo ad,
aos 3L 6lJs SBA-16 .aisly o pydyons 550y
4 SBA-16 el Im3m olas 05,5 b xSe (g0

¥

3 5l e 5, i

doddo

02> 85,55, 5 (Tl ezl wlio Sl )l 50 059l
il Loun¥T I (xpmsg 058 Jold Oy iz LB
Sl (g3l I dlse oS Sl apnilS s s
30 Ngd se dlg hlize sloan T G yo 5 ]
b YL gleanse g Clay adal Joore sbobs,; by
o5 j5b a5 009l slacs] 5 stand a5 sl 00y ey 1 5
Nigh B puan a3 > 0,lg ooan VT 5l S5 b g oot achas
LalSS, ol 5 oleows plus ;o ooV 5l s
ol ol &S wiyls ol Conls S, i e
slals )5 0 () oMol b abal cosal Sl
51 sl e Ll glsil e 0 .0)) sl 5, s
olSiole;l jo 5o Slulis loie a0 aS Conl ppo slooosY]
4 o3Bse o gl ke Al 4y arg L ogh e ool
el T3l 5351 0l b s olod eyl o0 ol
sloanie g ol aial Joexo slaghs) omb ige e
0l | e a5 el s el T 51 56 oY
a3 > o)ly ooV 51 S b g oo ahal JulS j4b
Osrke 5 w5 sy 655 4 1Y) Wigd b pas
sk 4 (Jaio SO oLk g adal S 480 4
Sl piloles! gl Brae as > o LT daze oolazul
ol clrosy VT i g aails agias ) ooliczal .(F)
JUis 4 ol Kagn s Geed 4 colin Y il
T bosr YT i gz calio oz 5 golazil gl > o,
Sl a5 Si9pl Sl alex 5 (F) wies Co; Lane
((B) il B g5 5 15l 0 e Wigd o ooliiwl laoan YT Bi>
55195 (V) (o L (P) ool 3 b 51 eslasl
51 ooliial (8 A) ab iy ypaslonaST sla by, sle s
oy 5 (V) Oyl il i c()) ) +) Lo JUS g3

5 @bl b Jlas o1 s 4 (s i wnlp
o 5 ol DVgame wlg pac piecw Glol gl
3 lroun ¥ Bio (sl S o polio (soladl

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Q|)&4®56;§ w&m

Jst 15 VIV ML Jelowe a5 o] 51 am .o 00 o2 £+ °C
slos 5 Iaze g 4Ll Jpligr) /0 ML 5 Sl 55,4l
(8,5 15 abline fren 59, » YEh cow 400 °C
Ve 0 Glos b sl gy s S sl Jsloms s
5 g AT 3 Lol g 59y 2285 A YD s
aul B b cé S 180,68 e fee °C sleo b S0 ¥YF D
SBA-16 5, auiw jog Colys 4o 05d ploil ygumlicnds
el s 4

Ol (o o) 5 gl o jolo Jolmo g
O = Ve pPM) ain glacdale L ole el
5 b 4 sl ke Voo ppmoclale b pole ol
Jsb ;0 UV-Vis ol&iws lawgs oo s slo Jole i
) Lot S8 (P70 nm) 5l e @32 oo Lo oo
59 Cawd a4y gl Lo dolae o i ccdalé -Ods loges
el Cawd 4 Jgpome slaclale

uﬁf&jff/)-b—

Sy oanVT Bis Ly NS,56 eyl adlhas (oly
(&35 o S o Jae Galojl (b I3l 5l eles e s
o )lal ol O o (gl (YD) o ooliiasl Geasly o b,
A polie g al bl JI8le 5 lawgy 55 mlaw O 5 ool
b a8,S s Y e (el e Alols 0aiiS e
VooV e bl e sl Y gl 5 ol zslaw
b 1Bl 5 Ay Giolesl B¢ s il gl b
iz adgl cdale (il laie PH) aige sl il b (00,4
59295030 Jawsgi 5ilpsl e Sl (eled plej 5 Les conigs
e )0 l_mu..uLa)](\ Jes—=) s Al b SBA-16
15 plowl aseie e b 5l gl e Jaloo 511+ - mL
5 Sy IS sl (539381 b 45 5500 PH ooty ol 50

%ﬁ yﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

st e 5 s (S8 JUIS 5 YL e o 331 Yl
G S S (VY 35d oo VL pr2r Jl o o0
B350 wols plxsl YV 2 L o o e 5 Tsal lawgs a5
Lwss SBA-16 __aSe 151530 i (6ol Lile L s
Sl S5, 99 Fao Bi> (sln sl Sl 9255 slaog S
Cad b STas ol S solitul il ilugi 5 sbiolie
@ olplesd 5 sl Gl G5 K, g0 sl o
(omimed ol las |, pH=4 ,0 0VA mg/g 4 0%) e
kg 50 (V) sl Cawd 4 a0 o QAP B i 003l
& SBA-16 a5 L Y- YY Jlo ,o o, Ken 4 Fekri So
Sy ooVl Bds gl ol 5l olS Wl I s g,
a3 e i Geiod ol b wia,S esliil udllis Jud
s ley FF °C sles pH=F/+ V) ag Ll i o a5
O3> Llade o VY PPM okigd L adsl clale (Y- min
) oV 5l auo,0 A4/ sga b el o8 L3> (+/-0 g
(VF) wles G

0o VT L3l lgie 4 SBA-16 |Lslugie 5l Lidgh cpl jo
LS’L“"L"“) )‘ o= uobyb el 00 oolaiul ).:‘)5“_}...».@ k.fi')
(... XRD SEM TEM) bz sloSoss lawg
oolazwl Sy90 OMYT ERCS 9 Lg)‘éf)'.) Sladlao e u.e}
Ll ciale)l olb ey SaS e 28,5 L3
o O ol Cawd w0 Jolgil (59, 0 gyl (6,138 L aige
cdale oo wled Hloy pH Jolis gls 6,105 ,L j0 e
pronl Grizmen oS ey SOl Jlake 5 ean VT 4yl
G lawg 5lel e (S5, ean¥l Bi> Saliuoge s g
23,5 adllas SBA-16

g g lge
SBA-16 ;i _
g aio, YO mL o)) Sy 5o F127 Ssgsl VIO g o
mL Jol> Jolo 45 w0l J> yhaie o VY mL o
sles o T MiN S 4y Jslona .ai adlsl Lde HCLY/Y


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

5l e S5, B

Wl 1) Caseelloil 55, Jslome 5l (Mo el 5585l by peicie olie 28,5 a3 10 L.C8,5 &ygo o/ ) M o

Sheslanal b Jols SBlas Jolre Gl ol Seei yiile el ren g L 5)90 Jolze Lialej] jo o
Aié)f uj‘l,g f£0 nm T J}b ) UV'ViS Ko FOUWRTY] 9 asviw QL") Cdw Cds )| o LAy 03} o

DOE ,138lp 5 bawgs oo 21 yb w3l -) Jgu

04/0 \o ax) 0 Ve 0 \

00/Yo \% Y Y. Y. Yo *

0r/ve \ o/ Y 0+ Yo 0

OA/VO \4 oY Y O Yo \4

44/0+ $ Y Ve Ve 0+ q

AA/V O ¢ o/ Vo Ve o AN

44/Vo § Y Vo Yo 0 'Y

04/ \4 VY Y \z Yo Vo

qv/o» 13 v/v0 Vo Y Yo AN

AL/VO ¢ v/00 0 ) \D \4

04/0+ v Y e 0+ Yo ARl

Ya/0+ Vo o/ 0 Y \Q Yy

04/Yo \4 VY [} K} Yo Yo

0/0 Ve v/00 Vo A\ g Yv

Vo/er ¢ o/ 0 Y Yo Y4

LA Vo v/20 0 Y 0» \

%y t_—m/ﬁﬂy
1EoP Glinnli /pgs o lod /pasjlibojss |, %
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

ARA


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Ol 5 (6,58 pndaze

DOE ,138lp 5 bawgi ooss o>/ yb sbislo;l -) Jguo aols!

t0/Y0 Vo o/

£Y/Y0 \ /*)

AN/ v ¢ +/v0

YA/ Ve o/

04/ v ey

ovV/Vo \ /v 0

§V/en \ /0

ENN Ve v/ 0

Ve Ve Yo v

0n Ve Yo Y

Ve \z 0 AN

0+ Ve \K i0

04/0+ \% /Y

2 0gb e samlie ) IS 0 SBA-16 gl WSO
&= YO =Y g0 j0 se 8 Sy S XRD il
amio Ob5b 4 by a5 0 sdalie _alls SBA-16
lad 055 L case Jlizle Sl g 00y d100 Sl S
olas as o)l jgax d211 5 d200 Slras Ok 4 b e
Y) ol lo 55 0 oYU (6, l5 Lo ol 51 SBA-16 aao s
sanlia SBA-16 4, Logy o EDAX 5JU1 2 ISt o (-
.>|5.4 oD J::S.«J ).aL..C ‘SJLJJL\M) 6‘]3 ):Jlj Q"‘ )‘ éy.usn
Al aS ol Sy o ol slls saims LSis polie plo

2% ‘( — ﬂ 1o b Qlinls /g 6o /> j5Lis 695
. il /g3 o jlodh /mads jilik 0 g,

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Y'Y

3

)

SBA-16 SlSuleassili bdarniio 5 sl
I, SBA-16 595050 & by e FTIR calb iy S
FPERVNY Cm™ oogame 10 00,0 Sy S5 00 oyl
loog)S 4 bgye O-H wily e (o285 (3las | L bass 5o
sdalie Sy izmen L0gd oo odaline SI-OH Jgdlw
5 it Ol )| 4 bgs e VEY /A0 cM axb o oas
e SBA-16 shans 15 0t oidr ol sl JsSge e
& V-ASIYY cmt 5 A-0JY cm FPYIOY cm slacs,
Ol g o)like (8iS phod DLW 4 bgrje oS
i o0le a5 QS o ol YU wledlbl .azib e Si-O-Si
antl iy 555 (YAYE) ol s pr50 S o


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

OS85 5555 S3slediee sLls SBA-16 ouds o aiges
aS Cowl B+-Y M o0gumme ,o Olax o3ll puoen Lol

(Y‘\) o O).Q.‘>9).A&SJ OM).....MJ oolo ..LSGA CAL.)‘

) 5l e Ky B

):5,4: > J&u) o ‘;Li&lMﬁ’ ools u_i: SBA—16 .LJGQ

Fow diged gl 51 (SEM) (sng) (559,80l gSimy Seoe
4 23,5 4 lgi e 45 a3 oe Lis |, SBA-16 ous

|oo:‘ . — /\
] w gy e NUEE [etement]_wy ]
o e \/ \\ / \ \ z
P 8 \ g [ [0} 38.68
3 o \ g \ ( g A | : c 27.43
g ks | f % si 1945
g s \ \
E e § \ ‘ kL Fe 12.43
: g \/} % o] N 2.01
E : g

- °

: : % "1
m—; § Fe
4000 3000 2000 1000 oLk i Lo T ‘ -
‘Wavenumber (cm™) ' ’ ’ ) ];eV
3 o
g
£3 SBA16
£s
=
<
M
=
1 1 1 1 1 1
20 30 40 50 60 70

20 (degree)

SBA-16 ;515309 43 by o SEM 5 guai (3 9 EDAX LT (z XRD s (o FTIR iy (1) JSCis

cbale (O3l lade pH) 5156l e so¥T Bd> 5 e
2l Bl 556 5 (Goled ploj 5 Lo conigd Gl eyl
s bol p o aisls , (ANOVA) il g 5J6T Lol
Sl s a0 b psis aan (Y Joux) ode] Cews 4
by yo ol po ol g0 /00 3l peS P Jloizl polio g oog
sl B3 5o el T bl Sk 7y o 4
VOYAYIYY) PH & b o oy o yiiion ol Gubo .l
ol o e Sl (YIVO) oo ) bgs jo o (0 %S g
PH. Jule 55 o amo o i Lol blise 51 Lo yo
55,0 oo b1y blite 130 o yiias (YAIYE) L3l lude o
Al v gy p 1y 186 S (VYY) Lo g PH Jule g0

Y'Y

lois o] lis o Lo IUT
iy il a5 Joo (g Feslin (e (sl (550l 5T
S8 eolatul 0jge il atsls odel Cews a4 slagwl L
P90 420 «(SiiSer p (b Jae ¥ polaie (nl 4288
Ol ol a5 5 4 JlBle 5 by pge a0
2335 (oo QBN (G ) ulpo g P polie sl » Joe
Shls a5 pg0 ax 0 Jaw codal s @l 4 4> L
O3S ) e (it 9 (Ko fe e V) /00 5] oS Pl
el o Sl Joko . emmlin olgic 4 Sl (- [AAVA)

el Al 5590 (golpiion Joe oo ] polie lul yaS

Febl O oy & L3805 goleiiing Jae elal 2 aslal o

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Q‘)K&Bﬁﬁ MM

SBA-16 Wbl Luwgs 319l e 4ilaSs ) Bis (ANOVA) il Jls 50T &3 by yo ool =¥ Jgo

Source Sum of Square df Mean Square f p Prob>f
Model 10¥4 /1Y Y. atial Yyov/AY <efeeny significant
A-pH yYo+ /0 | YYo+ /10 \TARVAN] <o/
B-abs. dose Vor/\Y \ Vor/\Y \AARYAL) <ofven)
C-ini. cons. absorb. VOY/AA \ VOY/AA YYYVAR <o/van)
D-temp. Y/Yo \ Y/Yo Yo v/e\Vo
E-cont. time Ve JAY \ Yo /AY YAL/L0 <e/ven)
AB Y4/71 | ACVAR AY/00 <efaany
AC Y4/¥A | Y4/¥A 0t/ <a/ren)
AD \/YY ) \/TY Y/VY /are
AE Y/ \ Y/ 0/ay AT
BC " \ " £/41 YR
BD Y\/gn | Y\/gn YA <e/eany
BE yY/oY \ Y/0Y AN E <efaany
Cb £/Ye | £/Ys V1/A oA
CE Y/A4 \ Y/44 AT Y
DE Ve \ Ve V4/4 0 e
A’ Yo/ \ Yov/\ YY0/0s <efveny
B? £Y/V \ YV N An% <efee
c VFYA \ VFITA YoV <oy
D? \AvIA \ \AvIA! 48/1) <efea
E? /AL \ /AL A*Y OAY
Residual Vo /YA Y4 J/Yoto
Lack of Fit Ao YY YAQN \/0A WAZE not
significant
Pure Error \/VY \ /YeoV
Cor Total YoYY/00 4
4z b .ogd co oolauwl el oaid  cmyien Joe Jawgs a5 3l a8 onile polie a5 w0 lis Jloy Jlaiz! jloges
5 31y ol o5 £, 4z g o ol s @ Jlogad 4 Obas AR 5o Jloy lages aiiS oo 590 Sy 28 S
S0 polie g artd )13 595 1 (295 ol Sl0ad (Soa i a5 Wloald 350k Jilp ha (55, Lol den a5 wad
Slailoas S et pondiinne laz (59 p aS ALil 0 S00Ss St 510595 s Jloyi 2365 5l laools a5 28 ) am il g
Slgaiin Jow a5 C8 )T a5 g8 oo jud 0] Cawd 4 Lloges eV ogesaijle oYL Gllay oal a8 3 ka3 o Jue b
ez jloged 1o el Canlivo bageuly (m yion (51 00l B oo plid |y ead dm i polie blie jo (Adly polae
ol ol 00 00,51 Jow 0als  gim s Hlade il o Lol polie 3l 29,5 L polie jaseis 4 SaS gly jloges ol

Afgﬁ yﬁﬂ/
. 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YTo


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

ot e I (Aly e Lo Bl jlade (e a5
Jo}:fo é’)}" )‘054.: LJ‘JI B ! alads ;_i) RS )l ) W)

axg b .ol svaline LB oo ploul ialesl 00 slzal 4

G -¥) ooy uu)a.’ uL....oJo‘ 0dgdzes 4O L&:Gwlé GALo-‘ ‘\S-'-" “

sl s 4y slagealy b e (Ko il 428 5 15 (+F
el 0l LB

3 5l e 5, i

D3 oo Ol gu st polie blie jo 1) baeails lade Jloges
aS Cowl ool Cay 2 +V - ylialol 00gaome aSyl 4y a> g5 b
S STy o wilaid 518 engamme (o agwly sled
a5 8T aml lgi o el cdalie JB lagul Bolas
polae o) logesoglaly lageuly polde sy <ol Jos

Qs co sl |y Jae 28ly polas flas jo o laibewl sails 3L

o o
j:- 100 _|
=
= E
=] 2
2 2
S 5 .
= 4
A [
ES
= 60
E
=
<
4
20|
20|
T T T T T T T T T T T T
-200 -1.00 000 1.00 200 300 20 40 60 20 100 120
Externally Studentized Residuals Actual
4.00
367391
40— 3.67391
& S
w a
| 2
7
2 2 o o &
9 5] &£
&
[ - =
K ? = 3
o
8 sy 8 z
£ o002 - g
= 8 g ™ ]
3 o o
= | o &
v &D s " =
= [ -8 @ =
= =
g 200 L] =
£ 8
2 ]
= =
=
-3.6739 -367391
-4.00 400
T : : - . . e haaaas Raanas aaaas e e e T
20 0 0 80 100 120 1 8 5 22 29 6 43 %0
Predicted Run Number

polio plp y0 28lg pwolio Hloges (o (ouiledl Jlo 5 410905 (Al Bodld oo (o p bl s ylg05 =Y 410905

Flio 50 0 lailiw] sailo polio Hlogs (& g ou o POl plp 5o Lowile polio loges (Z oo S

Code Ceade bl o 90,0 Bz lie 1 (6 i 156 SYL
S35 2y el o S g i 50 oSS A e g
Jelse 35 4y Loy ) alsbee i) Jow el oS lime
s |y SBA-16 L g Lo biom e s |y chlies

.\.\.bou;o

Yfs

Coro Anli g oad slpaion Jow (e God adeie | e
223 o gy 1y sldolas 580 0 5T (g Lol ColaS o Jow
C?"""“ S50 0 Zf""l" SO ks‘ﬁ O‘?Scs" ol Q‘i‘ }‘ s
Ol Jole 2 40 bgryo cal o005 osliul sle 52 5l (e
i by Jole S o asedes sary¥T i 4o 1, ele T i

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Oh)Se 5 (6,58 > dests

i ey b+ IY5 28 e g oLy (Lan) D 5 BV

WAl WS
e S50 5amy 4w sl fogas 5 Gcly s ¥ logas
s PH Jlise 51 RY Jlogad) Jgo Jalse 5l (0 2 by
JMeged g led 9 D3l Jlade Jlite S1omY jloges uled (e
©3 2 (led Gloj g oigd Qi adgl wdale it oY
5w o i |y SBA-16 Lils Lawgs 35l 55l e ilasS
ar 93 Sy p Jele 99 Blie Sl loges nl 1S 5o
Jolas s 32 93y a5 a0 o LS (590 uf bglas .l oas
5 obed Oloy 4 bge Jloged Jle Glgie 4. (FY) 515 392
ol d g wies Silse Lo b uled oy b 5 D3l lade

25518 ean VT Bis 48 cuie Jolas

E: cont. time

D: temp.

00
D: temp. 3000 oo B:abs. dose

6.00

Removal

7.00
A:pH

Removal

001 001 002 002 003 003 004 004 005 005
B: abs. dose

Adsorption = +59.14 -19.22A +4.70B
-4.71C -0.26D +1.72E -0.96AB +0.78AC

-0.20AD -0.26AE -0.23BC +0.60BD o)

-0.65BE +0.36CD +0.30CE +0.46DE
+10.20A% -4.15B*> +545C* -3.68D?
+1.07E?

ot b (03> Jlaie) B gla el ams o lis V alobas
ey LYY o8 Lis g b (obos (e B g FIV 5 Li
S e pie b (PH) A gl il )b g 05yl pdiions S
08 e o by (o0igs i 4 Jgl el 6) C LV AYY

Interaction

20 A: pH
100
E
=]
E 80
S
&
0
0]
20

T T
22000 2600 3200 3800 4400 5000
E: cont. time

Interaction

< D: temp.

100

Removal
8
I

T 1 T T T T T T T T
001 001 002 002 003 003 004 004 005 005

B: abs. dose

cdale blite 51 (z g o g odls lade Jlie Bl (o wled gloj 9 pH Jolixe 51 (Gl goms duw 15905 - Hlog0s
SBA-16 <3l bawgs' 559l ko ilaSSy i 2 wlod (3loj g oigid o addy

% 9 yﬂﬁ/
Y, 1o P sl /9> 0 )lods /s joLib 695

ijhe.tums.ac.ir

YTy


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

5l e S5, B

Interaction

E: cont. time

E: cont. time

2000 3000 4000 5000
E: cont. time 2000 1000 C: Ini. cons. absorb. C: Ini. cons. absorb. C: Ini. cons. absorb.

bl 51 (z g bo 9 L3 Hlade bl y1 (o wlod yloy g pH blio 51 (I goms aw 10405 Y log0s doldl
SBA-16 3l buwgi' 5ilyg) o A0S ) iz g (wled’ o) g oigd i adgl clale

it sl 0 (R?) GgmssS) o 5 prisnl 4w 2 & oz o]
LS T g 5 ¥ Jgar mls .ad alxe (0-°C) osbo Jobsi Jlade oS ol (oL alaly S i e s3]
5 @dnd ladas 5l Sl n5eSY Juo o a0 00 O [ salr S5 gl 59) pleoed b (b 00d i
O3l 55y sl e (S b iz anli a5 ol (S OeSed g Eaddig B 9eSOY o gl A Buiod (nl )3 03 oo

(Yf) el SBA-16 b o ool (YY) <85 1,8 s 2 0590 dige Ll )0

SBA-16 59930950 lawgs 59l fuste 431usS ) ©der 4 bgs jo (Sl g g ig y8 ¢ 0 9oV (5o ol )l -F Jgur

/e £/s '/o Ce (ppm)
¥Y/ YA/ a/0 de
AT /Yo ARY: 1/de 255N
v/rAO /YO /e 1/Ce
Qmax=YV/VY K(L/mg)=+/1v R?=+/444)

%y t_—m/ﬁﬂﬁ’
1EoP Glinnli /pgs o lod /pasjlibojss |, %
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

YA


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

ol)li&séﬁ MM

SBA-16 9295095 bwgs' 5l gl ko 4ilusSy i 41 bga o (raSod 9 gl ig 8 « 2 9o5SY (sla oy -Y Jguar 4l

0+ ppm ¥+ ppm \* ppm dde gla bl p gl Js

/o £/s ‘o Ce (ppm)

Y/ YA/+ q/0 Je

¥/81 \Ang Y/Yo Ing, eSS

Y/Yq VYA AL InC,

B=/¢\Y Kr=\/A¥  R?=+/44AY

012 [ iy e 25| pdwisy Jue (o
0.10 e
0.08

1/q,

0.06
0.04
0.02

¥y=0.0392x+0.0265
R*=0.9991

20
¢ . ®  y=0.8403x+1.1513
g R?=0.9010

0.5 1.0 1.5

04 02 0 02 04 06 08 1.0 12
log C,

oSl Jue (2

y=0.4120x+2.5904
R*=0.9483

-1.0  -05 0.0 0.5

1.0 15 20 25 30
InC,

FOmin wled Lo b+ °C slod PH=F/+V) aicups das |y 10 (oS0 (Z 9 gt g 38 (¢ 9 90 5GY (Al (g jlogai - T o g0
SBA-16 5919 7093 Jauwgi 33l gl Justo 4SSy i 4y bgs yo (+/+F g 3l yludia 9 1+ ppm osigds i adgl wdale

AG® = —RTInK,

AG®

AH® —TAS®

™

p)

95 o linl JT sy 4 K g AG” AS” AH

cde Jolss ol g o lailin] S olﬂ &S5 ‘o)lxt;.wT

Afgﬁ yﬁﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad

ijhe.tums.ac.ir

od> Seoliyoge

4 byiye (Seolinoge s wly €, 5 q, polis 5l ool |
sloles ;0 SBA-16 Lil> lawg 5l gl e aslaSS, wdo
Do Ao iy bl coo PEY K o5 ¥YY Y
Sloslore bl gy F B Y S¥oles 5 (F Jsoz 5 F loged)
O ool

el ™

Y¥a


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

3 5l e 5, i

SBA-16 )39 3095L g 5l gl o 4SSy 0o gl (Solasgo i sl yiolyly -F Jguer

Temp. (K) In K.

AH’(Kj.mol™)) AS°(Kj.mol 1) AG’(Kj.mol™!) R?

Yoy Y/AA —9/A\
FYY Y/q. VAN —+/v04 —AY /4441
\gAr Y/08 -V/to
4.5
4.0
35
3.0
ﬁ o y=3330.8x-7.1077
3 R2=0.9996
2.0
1.5
1.0
0.5
0.0

0.0028  0.0029 0.0030 0.0031 0.0032 0.0033 0.0034

/T

FOmin bod loy pH=F/+V) aagy ol )0 51,9l Jusio 4ilasSy i gl & % Coms IN K jlogei -F yloges

SBA-16 34930956 buwgi (+/+F g w3l> ,liiio 3 1+ ppm oigd wiv> adsl cdald

by sheldete wlaSs) Bd> 5 Jge Jelss 5 S0 (S
ol 0 45 Canl o slaJgle jo wile fuia il coile
B cd,8 1,8 cwyp dy90 o[+0-2/+Y € oogazms ;o Gui0
3G o0 alal s il cess ay o ange O3> lade
s 4y 45 pgyie (golatdl Llod 5l L5 & wdle a>
WS o FVsb 5 1) @3l g sl LIS Gl asly
olas 1+ F g1y Gl ke digy alais o] Caws 4 s
Sgd oo 2> Jlade ioldl el o b QT olisl g ayle
@ olge |y ol e a8 ) o (D6 laie 4 o1 51 ey
(lygl e 41055 )) 0aigls a2 sla JsSd g0 plod (o i

5L Jsbms 5 95290

e et

Yo-

o3 ;> PH jolie ol cnl jo PH I oy psbate &
L oS wesoe plas @l (285 8 (cuyp 3)90 V)
A PH o ol aiin wlioe (halS i pH o138l
53l 05 e oanlie a5 jshailen ol oslidl 3lisl ¥/ V
PH ;o 058 0 00V Gi> lenil, ials & = pH
Sy o Sy 2SIl sl (sbvg i 9925 Jodo @
Bis> 003b el plo el ol SBA-16 L3l 4 556l Jio
sl (omb slpH ool ol wl pPH o sunY]
Flote D3l mlaw g 005 4l il slaglSe 55, » H
Ol i Gliee counVT 5 hie mhaw 4 azgi b g 95500

(YO) Wb oo yial38 SBA-16 Lo

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Q|)&4®56;§ w&m

3 eolainl b ooads agd CojemelSeil Slasie ad jiw
5 a3 T ) o s 3 4 g ¢ s slall
aelcadige SBA-16 lSlowgl ags a5 ol ojlas ais,
S5l e UK ) Bl gz o dngs wdla 3l .an 035,
sl e Lol e (sl solitd T sla Jsloe |
Sbale wled oy b Jalge Sleodjl iSlas 4 oliws
gl 29y 3l edlinal L PH 5 Q3 ke coniss Qi
busg (CCD) 55 10 <5 0 b Joo 5 (RSM) gy
bt b ilegl 51 Jols mls .0l s,y (DOE) 580a
N0 min s oley 8 °C sles pH=F/-V a5 ols
¥ g LAl jlade g Ve PPM sdisd i adsl clale
ool 035y @ L ) 55l hete Bdo gl bl o e
Sl aoys Gialejl Lk il e lulys ol e
V0 il SBA-16 Lil> Ly |, 3ilgl e oaiy¥]
ANIE+ odal Cows a4 (0,55 Hlake 45 Sges i s Jwo,0
Oeized 3,18 guien Hlade b pe Bl a5 el oo
bS5 WD oy 5eSed g g B 25eSSY slap gl
proplb]y cdille (n i (pdx I3, a5 ols (las o>
5 G5 55 Seolissg s o ales] b s oY
5955 4355 Gl slales 3 55l g3l izl o5

SN lisdo
Slaasl o ol 2w pae Juls B OlS als Banas g
Cole, dlie cpl o 1) (giluesls g eools oy i (il

.J.J‘eo;

S10ya8 g Sl
looe St il e aiils oo p3¥ 395 » oty
(0,) & 29— sotasll alll el olE i sls U
el gy (il plonsl o cnlo >, bl a4y

%ﬁ yﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yo

(YF) ol Coens L3>

i anh s slhee Al S 1 oy o
aigy ahais 0,91 Caws 4 9 SBA-16 Lil> lawg o
Be-Ve mE/L o3 4 sl eie 5 cilisee slocdalé o]
Sl @ barye @i ange i (285 15 o) 390
Somb sbadble o Oix Ll ede el V- mg/L
oXgd Ld> G oS glacdale o as wil ol Wiy e
slagle g 4l gl (SBA-16) il b (514l o)
3,8 los 5 0,5 oo 1,8 odigd Ol JLasl o o iy Jld
(V) b oo a8l G anl)

(5 Jlone 31 1 i 255 ey 5lie
Ye-¥e °Coojb eyl (g5lwaige s SBA-16 Lidl> awgs ol
o sadlive ool Cows &l @ axgi Lo as 5 L o
GalS bl ools ) i ain B¢ °C slos o a5’ aS
SBA-16 L3> zhw  5lysl hite &l)d 35a5 Cae yus Lo
i 555 el @ ol e 1y ol cde aS 4l alS
2l s 5l e sl e

W3l Jge Ldx o) Wl oe &S 6508 ele ol o
Syg0 Ye-0- min o)L‘ o uoLo.: UL°) ).s‘ ] u.ul.a.v ULO)
Sl wslhe oled Gloj mls 4 azg b 085 )18 o)
cowled Gloy b i suoye ilidl g eog YO mMIN i
i bl (gl i S b b ald bl 4 Yz
$hgldete wix (AH®) o laibisl JUST jlade 4 a>g5 b
g5 5l @iz 5 kS i anld SBA-16 il by
Gyl ol 4y az g b e pizmon Ll (558 e i
b slales ;o 4 cd )5 ams g o (AG®) oS ol3]
5Pl o bos Rl b g cunl (go55 @ 09> i

94kt by, 4 SBA-16 ollawsl (iagh cnl 5o


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

References

1. Matloubi Aghdam S, Haghighi M, Allahyari S,
Yosefi L. Precipitation dispersion of various ratios
of BiOI/BiOCIl nanocomposite over g-C3N4 for
promoted visible light nanophotocatalyst used
in removal of acid orange from water. Journal of
Photochemistry and Photobiology A: Chemistry.
2017;338(4):201-12.

2. Subramonian W, Wu TY, Chai SP. Synthesis,
characterization, and antitumor activity of
binuclear curcumin—metal (IT) hydroxo complexes.
Medicinal Chemistry Research 2017;23(4):1683-
9.

3. Emad SE, Chaudhuri M. Comparison of different
advanced oxidation processes for treatment
of antibiotic aqueous solution. Journal of
Desalination. 2010;256:43-7.

4. Riera-Torres M, Gutirrez MC. Colour removal
of three reactive dyes by UV light exposure after
electrochemical treatment. Chemical Engineering
Journal. 2010;156(1):114-20.

5.Fang Z, Chen J, Qiu X, Cheng W, Zhu L. Effective
removal of antibiotic metronidazole from water
by nanoscale zerovalent iron particles. Journal of
Desalination. 2011;268(13):60-7.

6. Fekri MH, Razavi Mehr M, Akbari-adergani
B, Isanejad Mohamareh S, Hosseini M.
Green synthesis of activated carbon/Fe304
nanocomposite from flaxseed, its application as
adsorbent and antibacterial. Chemical Papers.

2022;76:6767-82.

3 5l e 5, i

7. Oliver AH, Voulvoulis N, John NL. Potential
impact of pharmaceuticals on environmental
health. Bulletin of the World Health Organization.
2003;81(10):768-9.

8. Sheikhi S, Aslani H, Dehghanzadeh R,
Maryamabadi ~ A.  Efficiency of ferrate/
peroxymonosulfate advanced oxidation process
in removing chlorpyrifos pesticide from
aqueous solution after pretreatment with ferric
chloride coagulant. Iranian Journal of Health &
Environment. 2022;15(1):87-102.(in Persian)

9. Fekri MH, Shahverdi V, Chegeni M, Razavi Mehr
M, Abbastabar Ahangar H, Saffar A. Simultaneous
photocatalytic degradation of cefixime and
cefuroxime antibiotics using g-C3N4/NaBiO3
nanocomposite and optimization of effective
parameters by response surface methodology.
Reaction Kinetics, Mechanisms and Catalysis.
2022;135: 1059-75

10. Rashtchi N, Sobhanardakani S, Cheraghi M,
Goodarzi A, Lorestani B. Photocatalytic removal
of amoxicillin from aqueous solution using
magnetic graphene oxide functionalized with
cerium dioxide nanocomposite. Iranian Journal
of Health & Environment. 2022;15(2):307-20.(in
Persian)

11. Jianming XZCZL. Comparison of metronidazole
degradation by different advanced oxidation
processes in low concentration aqueous solutions.
Chinese Journal of Environmental Engineering.
2009;3:109-19.

12. Razavi Mehr M, Fekri MH, Omidali F, Eftekhari

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Q|)&4®56;§ w&m

N, Akbari-adergani B. Removal of Chromium
(VI) from Wastewater by Palm Kernel Shell-based
a Green Method. Journal of Chemical Health
Risks. 2019;9(1):75-86.

13. Fekri MH, Banimahd Keivani M, Razavi Mehr
M, Akbari-adergani B. Effective Parameters on
Removal of Rhodamine B from Colored Wastewater
by Nano polyaniline/Sawdust Composite. Journal
of Mazandaran University of Medical Sciences.
2019;29 (177):166-79. (in Persian)

14.Chegeni M, Etemadpour S, Fekri MH. The perlite-
calcium alginate—activated carbon composite as an
efficient adsorbent for the removal of dyes from
aqueous solution. Physical Chemistry Research
2021;9(1):1-16.

15. Dashti Khavidaki H, Fekri MH. Removing
Thallium (I) Ton from Aqueous Solutions Using
Modified ZnO Nanopowder. Journal of Advances
in Chemistry 2015;11:3777-88.

16. Dashti Khavidaki H, Sarlak F, Fekri MH.
Adsorption Characteristics of Amoxicillin on
Activated Carbon from Eucalyptus Leave and
Wheat Straw. Journal of Applied Chemistry. 2023.

17. Han R, Ding H, Xu Y, Zou W, Wang Y, Li Y, et
al. Use of rice husk for the adsorption of Congo
red from aqueous solution in column mode.
BioSource Technology. 2008;99:2938-46.

18. Razavi Mehr M, Fekri MH, Mohammadi
Shad F. Synthesis of activated carbon/zinc
oxide nanocomposite from rapeseed plant waste
by green chemistry method, evaluation of its

performance in Methylene Blue pigment removal

%ﬁ yﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yoy

and optimization of influencing parameters
using design expert. Iranian Journal of Health &
Environment. 2021;14(2):191-204.(in Persian)

19. Manzano M, Vallet-Regi M. Mesoporous
silica nanoparticles for drug delivery. Advanced
functional materials. 2020;30(2):1902634.

20. Fekri MH, Soleymani S, Razavi Mehr M,
Akbari-adergani B. Synthesis and characterization
of mesoporous ZnO/SBA-16 nanocomposite: its
efficiency as drug delivery system. Journal of
Non-Crystalline Solids. 2022;591.

21. Seljak KB, Kocbek P, Gasperlin M. Mesoporous
silica nanoparticles as delivery carriers: An
overview of drug loading techniques. Journal of
Drug Delivery Science and Technology. 2020;59.

22. Tsai CH, Chang WC, Saikia D, Wu CE, Kao
HM. Functionalization of cubic mesoporous silica
SBA-16 with carboxylic acid via one-pot synthesis
route for effective removal of cationic dyes.
Journal of Hazardous Materials. 2016;309:236-48.

23. Fekri MH, Saki F, Razavi Mehr M, Soleymani
S. Preparation of SBA-16 Silicate Nanoabsorbent
by Green Method from Reed Plant Stem, Using
it to Remove Phenolphthalein Pollutant and
Investigating Effective Factors by RSM Method.
Journal of Applied Chemistry. 2023.

24. Zoqi MIJ. Application of response surface
methodology to optimize the ultraviolet/hydrogen
peroxide process for the removal of Reactive Red
195 dye from aqueous solution. Iranian Journal
of Health & Environment. 2021;14(3):427-46.(in

Persian)


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

25. Sayadi K, Rahdar A, Hajinezhad MR,
Nikazar S, Susan MA. Atorvastatin-loaded
SBA-16 nanostructures: Synthesis, physical
characterization, and biochemical alterations
in hyperlipidemic rate. Journal of Molecular
Structure. 2020:1202-127296.

26. Vatanpour V, Rabiee H, Farahani MHD,
Masteri-Farahani M, Nikakan M. Preparation
and characterization of novel nanoporous SBA-
16-COOH embedded polysulfone ultrafiltration
membrane for protein separation. Chemtcal
Engineering Research and Design. 2020;156:240-
50.

27. Palos-Barba V, Moreno-Martell A, Hernandez-
Morales V, Peza-Ledesma C, Rivera-Munoz EM,
Nava R, et al. SBA-16 Cage-Like Porous Material
Modified with APTES as an Adsorbent for Pb2+
lons Removal from Aqueous Solution. Materials
2020;13(4).

28. Gupta R, Gupta SK, Pathak DD. Selective
adsorption of toxic heavy metal ions using
guanine- functionalized mesoporous silica [SBA-
16-g] from aqueous solution. Microporous and
Mesoporous Materials. 2019;288.

29. Madadi S, Charbonneau L, Bergeron JY,
Ksliaguine S. Aerobic epoxidation of limonene
using cobalt substituted mesoporous SBA-
16 Part 1: Optimization via Response Surface
Methodology (RSM). Applied Catalysis B:
Environmental. 2020;260.

30. Bhuyan D, Saikia M, Saikia L. Magnetically
recoverable

Fe304@SBA-15: An improved

Yor

3 5l e 5, i

catalyst for three component coupling reaction
of aldehyde, amine and alkyne. Catalysis
Communications. 2015;58:158-63.

31. Calignano F, Manfredi D, Ambrosio EP, Iuliano
L, Fino P. Influence of process parameters on
surface roughness of aluminum parts produced
by DMLS. The International Journal of Advanced
Manufacturing Technology. 2013;67(9):2743-51.

32. Albayati TM, Salih IK, Alazzawi HF. Synthesis
and characterization of a modified surface of SBA-
15 mesoporous silica for a chloramphenicol drug
delivery system. Heliyon. 2019;5(10):¢02539.

33. Aregawi BH, Mengistie AA. Removal of Ni (I)
from aqueous solution using leaf, bark and seed
of Moringa stenopetala adsorbents. Bulletin of the
Chemical Society of Ethiopia. 2013;27(1):35-47.

34, Muntean SG, Paska O, Coseri S, Simu GM,
Grad ME, Ilia G. Evaluation of a functionalized
copolymer as adsorbent on direct dyes removal
process: Kinetics and equilibrium studies. Journal
of Applied Polymer Science. 2013;127(6):4409—
21.

35. Abkenar S. Application of magnetic-modified
Fe304 nanoparticles for removal of crystal violet
from aqueous solution: kinetic, equilibrium
and thermodynamic studies. Journal of Applied
Chemical Research. 2016;10(1):65-74.

36. Muntean SG, Rddulescu Grad ME, Sfarloaga
P. Dye adsorbed on copolymer, possible specific
sorbent for metal ions removal. RSC Advances.
2014;4(52):27354-62.

37. Robati D, Mirza B, Rajabi M. Removal of

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

Q‘)K&Béﬁ w&m

hazardous dyes-BR 12 and methyl orange using
graphene oxide as an adsorbent from aqueous phase

Chemical Engineering Journal. 2016;284:687-97.

Afgﬁ yﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yoo


https://ijhe.tums.ac.ir/article-1-6768-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-12 ]

ety

)

N7

“oner Environ™®

a

W
% 1w \"“‘C

ewel|
4 LII

&

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2023, Vol. 16, No.2

HETH AND EXVIRONMENT

Original Article

Removal of methyl orange dye from aqueous solutions by SBA-16 nano mesopore
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Background and Objective: : Due to the presence of industrial pollutants in water
sources, it is necessary to treat wastewater, especially colored wastewater. This study aims
to treat wastewater containing methyl orange dye using nano mesopore SBA-16.
Materials and Methods: In this study, the effect of different parameters (pH, concentration
of methyl orange, amount of adsorbent, temperature, and contact time) on the absorption
of methyl orange by nanocomposite prepared with the help of Design of Experiment 7
software and Response Surface Method (RSM) was investigated.

Results: The maximum amount of pollutant removal by the adsorbent was obtained under
optimal conditions of pH = 4.07, temperature 50 °C, contact time 35 minutes, initial
concentration of adsorbent 10 mg/L, and amount of adsorbent 0.04 g. Also, the findings
showed that the absorption behavior is most consistent with the Langmuir isotherm and
the absorption process is exothermic and spontaneous at low temperatures.
Conclusion: In optimal conditions, the SBA-16 adsorbent was able to remove 98.60 % of
methyl orange from the aqueous solution and the maximum adsorption capacity (qmax)
for the removal of methyl orange pollutant was 37.73 mg/g. Considering the high potential
of nano mesopore SBA-16 in removing methyl orange pigment, it can be considered a
suitable candidate for removing colored pollutants and treating wastewater from textile
factories.

2023;16(2):339-56.
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