[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo

RTLR VE T RUAVI RVERN Fe 4|
VE LY Slxio AYA0 [l o Jsl o )leds o 090

£

ff

Availible online: http://ijhe.tums.ac.ir '- \\\

N
“ 4wy

u&h}}: Jle

% @
() >3
" Of Enyiron®™®

JDNMQ%J‘ o.\&}'&wdj;}‘%&bgwjﬁ
ol gl I b Gl

M}UW J;ﬁ‘ ‘o‘,uw JJU uf‘;w‘.a.“ Mu_.l? sr‘_;}g.«.& L p bl c\";«.BU FNAH n“;ﬂn’) stj:l&

Q‘J.ﬂ“)\.LQ.AL;,&]Jfjl&d&b‘)A&lU@f}l&QU.ﬁ}ﬁ(}l&ﬁf;h@M‘J@f&@d);d@nlgh@w\%éﬁé—\
onﬂn‘o\m_;V;M)xmti;:;uwu)mg}wum;\ysta&gujiwujs‘giw;u;\wu)\S-r
Qlﬂ‘mﬁ).x:;-c,ﬁj]n4.1).l.:;-C,..vf"L;.JZJ',:r#a@‘b‘w\%aﬁbnJatauCﬂiU.@{fJ;ye);g&jnnJathﬁiU.@{fJ;yJﬁ)lwl.'..«i)ls—v
r)l.b Sl nC,..'ZLL@J. NUHN c.]a::m C,«..ZU.@.I bgr aj; n.]a,?u C,JU.E el Al J.«L;.':)ls Lsﬁr..idl: AJQ:?;A C,.::U.@.g sl Al J«l;..':)lS—f
Ol Ol S5,

Ol e o 5 ol o 0dSSls ¢ amen pord ol )8 (g meils (Lames o ol IS0

Oyl Ol Sis psle oS (g o S o Sl g (6555 (6 samils cJams Sl wilige L1 i lS i stes o 53) =

°J"‘J>.. > sl 20 Ol S5\ L
L;’/JL{L{‘J/#‘“JLA‘J/J/‘JM-W/WJ-A:N)ijijﬁﬁjjr&ﬂ:d'u.ﬂ"?‘j QF/ AN IabJééU
ny/ﬁu-ﬁ:"-‘_)/u[d uyb):ﬁ.i.w QL%J/aMJM Jjj;/% q¥/\+/Y$ u-;’,‘;_{j é)u

ol s sladie Ul i S e B ke S ST T 5 Sl iy S5 94F/\Y /40 by @,U
Sl (sla S35 s oy o e DI Ji5 ) ks 5 3l Olm o sloms PH ¢ polo OLs 5 0/ ¥/\Y SISy B

FTIR NMR (clscil s XRD SEM (cls jJUTL i i J5 codim Aol 5 0l sz Jis T
ot sladte b ol o8 St 5 i 3 5 2 50SOY p i) Jdo b o (sloodls oS e
o g 53 S ks Sl a0
g lase GRIHI L J8 cnde L) o P alos ool PH G200 ol Ol el ol i (55 4T Sl 2 S OS50,
SLPH (sl il LS 70 min 1 ey 3 2/0 & 5 i Ve MG/L 4ol C Ll 3 o5 o, 4k i TnE
bl ;@/‘OM;J;”;/’@J‘/XRD,SEMﬁj;,w/qu/fjAfwy@ 1o ol Srbme o8 S e
bl Jig i1 (koo NMR 5 FTIR ik 5 G Sl iy 3505 oG Ly (s 5b é 5 Joelsise
G el dde b s e oS AU ) il bl o 8 IS pe alas 40 Lk (slanll
PV mg/g s (q,) e b ST il ful Ly bl Clls pps 425 4t St
ol ool
o 2l s bl sla Sas s 4 b O3l KOst 4 S AT IS g S e

: 1J e Lo 9 59 21 &
Al pslie 5 o DS ol (Sl AR s kel ]S O L e St by 8 (SS9 A oy

shabanlo_a@yahoo.com

Please cite this article as: Rahmani AR, Nazemi F, Barjasteh Askari F, Almasi H, Shabanloo N, Shabanloo A. Performance evolution of silica aerogel
synthesized from sodium silicate in the adsorption of phenol from aqueous solutions. Iranian Journal of Health and Environment. 2016;9(1):1-14.



https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

el 3l dlb g Y aypa e B/
e:jSe\fmL;?mte\)gﬂg-d\;ﬁjﬁcééﬁ;\ig_é%l
Shedal s w Jlsine sl 5,58 05550 (A1)
Dlewsos chw sl s 4 (Sol-Gel) I J— Al 3
Ol ol 53 cdlies anw g Jl= s ol js S g 5 YL
e VT Gl sl 3l Ol 40 Ladss 5
D351 Sk w0 a5 o iy o35 5T 05,5 53 ol
OF) il baot VT ol 5 oMb aias 3 01 5,4, 5
b Sl U s Ll (3150 a3 5T 1K
andls s Voo M G 6l o310V v e s M/ 30 s 5L
o sdhe J55 50 Koo (V) el 0 YOG/OME 5 /0 Y 5l 28
[odor (S ooy 5l dn b S & o OI1 A5
53 s AT ((VF) S o Lai [ 355 LS Ol I
cdiw)\:}b);Si-OHe)ﬁ)ré}ngqﬁngb
el L 0155 e Ul o3 5 (Hydrophilic) e s
Si-OH (sLse; S L (R=CH,) Si-R jlisl sLsnes S
S 63 305 3lwl (Hydrophobic) 5§ ol 55 50 K
Ogee J 8 OSGl I35 31 s 0 Lo g0 ol 55 0 g
o5k 63l Slaaali s 53 8 (o sb 4l 0T 532 S
S5 o il Sl s L 5550 4 s 5T ol
Sl ddS 530l il o s o (V0) cd 5L
DS 5 Sl s as O glad3s AT VL ()50 4
25 L bdis Al es J s ol T s Jloe JI
Jsdor el 350 Ol 3 oS Mo L (slaee VT Bl (o1
55 3T S i 3 ssli il 5550 SLS 5 Y 65let

(VF) das e 0L LS ;.j) o 93

(V) 39 51 Wl sl 5 oslil 5,90 4yl 310 =V g

25 Sy
Tetramethoxysilane (TMOS)
Methyltrimethoxysilane O oS g2 |5
O oS 520 S5 Jos Tetraethoxysilane (TEOS)
Methyltriethoxysilane (MTES) O oS Sl 35
O (S5 5 S Sodium Silicate (Na,SiOy)

Sl R

e J395T Sbow (9,5 (o)

VRV

55 S5 b ks VYl s S0 3
35 A Gt Ble LoV 5 055 sladal B 5 Sadly
Sy e 25 Sy Sls s b (gl slacly s
O s S Jaes (g (g IS IG5 oS
gy o 5l bli> Olaslw s en 0 (Y )) 502 0
53,8 (s b o ol (sl laediVTos 8 s 1 Jid S el
VML 5l S el kb cbale Jasdl) s2s ren b Gullas
sladul B ojs el (M) il 3L Jas e wlis 5l s 5 Sl
532 g ealinad b Gl (sl le SIS S5 s
S s sl 3 LIS (F) 01 5 EI-Naas caalllas S
5,50 Jb B>~ ;3 1, Spouted Bed Bioreactor (SBBR)
L s ge Bl (sl o ¥ 00 ol (slas s linls 3 )
oo 5l ol V8 min s si- o Vo mE/L WJl clale
Pseudomonas putida s =L :zils oS8 ol gl » axllas
andllas o osleul LIS o5 (b 5 e 5l 5l 515 00
sl Jeg s lis el Gl (0) Praveen
A oslizadl 5 yh BB s 3 S5 5 s Ol oS (51
Jlie 53 33, ML L s Pseudomonas putida s ;U
W3 S 85 bl 2 Ll IS i 5 b Sauscmiles S
w VoML ssus= VL glaclale s 13 0 sedltnS 6l
553k 0l Yo hissus

8l Sm 038 S5l w5 ol ples Ll 3w 5L
VU oles Ole 0 5L oMb pland Ll 2 5 o NT L
Olioes ol s (V F) (S5 50 gladul B i o s
S I3 a5 s 55 ) Ko sl b s La b,
G IR E T JE PO T R S EE P SN PV P S U
OISal sl 5550 1S L ke slaaja s e oS
S35k 5 e s 4 ol pde 5 05 S Jes olians]
oS A el plae s fsy ple s cd SalLols s
Sl s 5 oot VT G (5103 2 b 4y 51,8 o
oS oL 5 ateal S J= opl b3 sd o oalizad

by el
11290 Jlgz /U9l o )las /ogs 0,95 -

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

Ol 5 gl yuol

e bl s Na_SIO, 51 sli i Jplome b a i
wVh ol us s T VYN L HClor mL
b Tfh 208 51 s LsINa,SIO; Ll Jylos
oo 4 Sl e 53 N,SIO; 0 gl oy Al 3
S b bl e el d a5 J5 e ol s sl s U
(I x5 a1 53 (V) W T I 31 0 sl il
b s b iz Ol 5 I a5 I35 51 S
Jb1 51 sl b 5 Il slacsln s aly o ol
BAs St 5l Sl g st Sl Ol
G5t a4 Vb HLid Co ol W 5 J 5 il Ao (S
Oyl bslsve Sl G b 4kl Oles 45 P (slas S
Cb s s e 5 (YYO °C sAMPQ) ooy sl J 501 5
sbasle o 51 LS b a D05 STy Jals jlis
() 55 s J5 s

1l dnb g edd e 55T ke S5 s
S osliial b ods g S 3T Sk o et L
Scanning) SEM i, s S oS S
EDX ;U7 siwr 4 3¢ (Electron Microscope
«x)ls (Energy Dispersive X-ray Spectroscopy
U ] L O N P o I SN PP
X-ray diffraction-) .ol 3l 31, mw cib
XRD o&iws s (80 5Y) 20 o350 4,3 (XRD
ks 5 bl slaes S ds sl ADP2000 Jute
Ji ol 5l 5 g3 I35 5T S IS0 50 53 55 50
Fourier) ;s 3 05l 4,5 Jodd v ik SJUTL
5> (Transform Infrared Spectrum- FTIR
Perkine& s Ly frovem™ LS Fov s 0>
slte 4 el 170+ Jus Elmer Spectrum
M ols 55 S8 Glad S50 Sen ot alls
U T 51 s oder Sl a5 3 I3 5T Kk s
Nuclear Magnetic Resonance-) «s bl
A3 S esliwl Avance 200MHZ J.. NMR

® gﬁ/
./A}?Dg J} 1196 Jlgs /Jo! oo /g5 0393

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

S Olse a4 i e el s (NaSI0,) i Sl
(ol ol st b U5 5T e i gl 01,0 ad sl esbe
Sl dosl 5 (2815 ST LN SIO, s > o 3
03,8 4Ll b g a1 55 1S e 1) 5 (Silicic Acid)
b O Culg 53 5 25 g il s sdn A0l B 5L L Al
SS15 0958 o A5 55 AT ks 0 gl oy b
(V) das oo OLES sl 5l L1yl 3 ul) osleds

VSl
Na,SiO, + H,0 + 2HCI — Si (OH) , +2NaCl

Sk 3,18 el 5 U35 5T ol sl Sy a4 55 L
Sda (S gloe JT LS 5 Gl s s OF slads 5
DA ad gl osle b U35, Sk o adllas ol 5
20l 2l 5 (Shs ot 5o T (Shs bt
A Jelse G men o ol Sladae 51 L8 S
S Sl 5 (St il o Solg 3 5 s Bl

A eskle

LSy 93l

toaliiwl 55 40 3140
o35 5al S 5sdn - A4/0 o 1 L (CH.OH) |
51 el (K Fe(CN),) bty il (53 (NH,OH)
i «(H,80) S5l s ol (€, HNO) (5
Sl O5sds (53 ewly (NaOH) ds5 00
(K, HPO,) wlivd 055,08 wulsy o5 «(KH,PO,)
J56H (HCD Sy Jsaul (N SiO,) wdw Sl
Ol S e o8 52 5l Ken (CLHO) o2l 5 (C;H,OH)

5> NaSiO, f+ g 0350 J= Cl,._;lNazSiO3 J s
Nazsi03)’\ °J*;J>¥HMJ~M%JM¥HI\" mL

gl Jsboen 51 O gl A3 gy 0 Il &5 55 0 iladls


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

ol Al oy 5 35T Sk /0 @ e s
Are OO XX e DY) b il slac kil
i)V A pH L 5 @ mg/L sTee ev a0
Ll 15 Olsan 5 oLzl (603 2 45 503 £ omiN OLLL 3
Su oy b s jm I35 51 e pHZPC s (s
Al 6,S sl (V) Ol

e b g el Ol

s f e ol cdr b b5 Gl sl anils

(V\) AL e:@.w‘ Y )\ ‘\JDLM

E :M x 100 ()
Co
Co—Ce

qe = =%V (Y)

o adyl chle C) o o Ol a3 E w0l 5 as
mg/L > b Dol bl C mg/L >,
2ol MME/E o Jols Sl 28 b,
Lo Jsows 2 V @

o 0 Sl 5 St o 5

55T e 2 8 o (St ol 5 e
Sl A eslinal o g3 a5 4l 5 Jol 5o 4 S J e
sslital €503 YO ML (ool i sue ot 31 ke oyl
Aty 2 s ol ke 5 8 bl s
Y 35 s PH o 5l any 55 0 /0 g 5V mg/L
ébﬁj\wcuw;rﬁerpmwﬂpLij@
FO X TN 0 laole) 53 i s i B S osled
s lle3ly 5 e 5 plouil (g Sl VAT MIN 5 )Y S
g ao s dslam s s Sz ¥ dslas s (5,851

(YY) das e 0L L;b Jsles

Ln(q; —q¢) = Lng;—Kjpt ™)

e J395T Sbow (9,5 (o)

Sl gl s
FoNg) b Syl Jsloa b 51 5L 5,50 glaclale
sy ode gl bl g (hais STV er e mL s
s s yo 5 (YoEY OC).IQ:NLQL«J)JML_.N%BM
H,SO, Lu s pH las a2 plsil 4505 YO mL (g 51>
il dsb 53 .28,8 &y vV M cile L NaOH
b liae O5en Lo 5 4 gad 5l gla 2 (2l 1S
Lo 55 3l (2S5 Ole plall 3l dms 035 pn oK
5l 1 sl 510 MIN Sode 4 O v+ TPM 550t 5w
G S 4 gad [ e (S o5l g Jslmn o) pmile
ool s o Ui il J55 sl
3 o5, L Standard Method 5530D s
g dsb 53 UVAVIS e gmi g ol ol8ans o it
Jsl pH ( les 0l 36 .(04) us (g ,Se3lul 0 nm
Sl St Olye 4 b el chle (O3l 55 o st
B R e R e e e e U TS
Kle Oloy cpans 5 wlad Oloj iU s pskie .8 S
Chle b s ool i S s i AT Kk 010 g g
o3k 53 Gul3  aped b 3,5V s pH L 5 mg/L
53 slegdly 15 e Sylgs o 5 plasl VAL MIN GO il
aalsl 5 nd aig Lle Oley 0L 5o a5, S 63l & gal
PH oms 1 i ploil ange 0lej s ol syl
ol sl i 53 I3 3T Shw 40 g e (Jplome 4y
235300 540X spH L 3 mg/L bl
53 (20l aelsl angs Bl 0o B e yas (sl ol gl b
S AE (S Il Jsloes 3 e lileadl 8 Olpe olgs
Slasss codar Al 5o O3l §as Dl oss U s
YNV Y- WYL V) V) STVAD NS PYC N CO NS PN
o sl aslBlus sla iy 53 (Y 2 5)/0 ) /8 /A
s3 s sl Vol adsipH L 5 Ve mg/L clale L
55 Jb e liladl Olas 5 &y 30 (13l 5a0 £+ N OLLL

J ECRGNZ EGRIVES S VL OVPL U SV IR W WS BV VTP ON

by el
11290 Jlgz /U9l o )las /ogs 0,95 -

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

RUL S PR UENWY

2 e Gl Ol e s nl s S Sl 6l
A oslinad (R Sacen o i 5l I 50 K

Laasl
(ol Al g edd s 35T S (S5 ooz
IS 53 e o I35 51 ko 4 by s SEM L
2S5 Lo Cand 510 LS55 Ll a3
I35 31 Sk oo sl el o o3l OLES ol pp Vo
0 2l 5 s Sl s 5l (S ed
bl s S s b 55 L5 S el
Sl ) S Y IS s edd e 55 5T Ko XRD

el ok 5 S RL

Sy ) shd e I3 51 Ko SEM. 5l -\ 3
N gl o VO

® ﬂﬂ%
//%9 J 1190 lgr /sl o losh /g 01

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

oals QLS ¥ aales s EEEESERI St ot alslas
(Y\) Sl ol

t 1 t

@ Kpad) | @ )

o i 3 sl ol 55 i G sskes ol
2 ol Ol s et e b Jlaieq, 5 Q) ang/g
s dshams e St v dslas 5 5 5 o mE/g s
2l el Ko ol SBK s s 0
2 s ek St o UK min” .~

min ce> ol t @/mgmin >

Sl p i)

sl Sk b Sl a5 50 il e L
033193 . esla_ul @JL)))J&)&Y e sl sldas
bl V Ly PH L YO mL s sad o b 2y s0e
CLals A5 305 /0l 3l 555 ad sad plal 4 A
VO D XY N O L Y s e
Lyl ol oy o5y Or e ME/L 5 ¥ e Yee A0 e
U8 Ol Olas ol OLL L3 b 4 S L 53 £+ min ol
(YY) s (6, Se3ll Jsloes 53 s lilessls
:(Y\)Mbddg.)hi\.;‘)ﬂj&‘yr}jﬂ\gk}JDL&AO aslee

; - (Klq ) ( ) ©

rﬁ.k}-b;b‘he.l_wu.)}&ﬁ)‘mq talslae ol 5 a8
MG/ i i S 3 lie e SLeq /G 3L
Limg xSl 551k R e 55N UK

mg/L > 5 k3 Sl clle C,
et oals DL & Walan s iy b o ) o 4 Dales
@ijj.éff”jﬁ\éuc,.gbn,Kf«_iawwl);45e¢_w|

A

Lng, = LnK; + n~LnC, *)


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

14
n

n

1w

17
"
L]
14
12
117
n
"w

Lin (Counts)

0= e e AD .

e J395T Sbow (9,5 (o)

an EL] L

2-Theta - Scale

o o I35 51 Kdow XRD b - I3

Gosb skl L5 5 JanS s5den 055 352 5 o duns OLES
o b e S 5l e NMR il s o ul U3 4
JLSSI LYY PPM oElr 3 3 g ge Sy b Ssles ]
3 g0 Ko s b fenS 5o 05 S 3 g s okias OLES )
il 3 g 5 odasOlis 0 JI Sl Ly V/Y ppm o ab s
Sosk ol Sy b odr s 3 5 b Ssles
s el sdalie LB F S5 55 il (el I35 51

ol s #/8 0l e 5551 K pHZpe

104
100

S
B5{

7%
T

%WT

%53 5 &5 88 3]

400.72

OH 228

o 5l 5 13 0 e I35 5T G FTIR il
S jshilea .l oddesls DL Y 5T s [ s 5 5 4
sl ps yasls ele oy S s S e sdalin ¥ S
8l Sl e DA 5l e gz I35 5T G
d e S1-0 Wsw 0 bg e s V0 CI WL s
WYY em?! VoY oK s i bl b ol
0 S ol s o3l 0L ¥ IS 55 il 53 oS sl
s e OLES |y b o 51 3 U35 5T KL NMR il
VIS LYY PP el 55 3 g e Sy I ol 3

1158
Si-0

3600 3000 2500

2000 1500 1000 500400

Jé e 5 b I35 51 Ko FTIR il Y IS5

by el
1190 Jlgz /U9l o)l /ogs 09> -

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

RUL S PR UENWY

104
1004
95
GH
L (bl 5 e €00
3N l
751 1638 , ! 4‘1\:;“]-
T r
bl O-H Ll kit L
2 e
6] 107
b 3L SLOSE .
a4 (oo il
4 0H LS ‘ 99
40 1155 U.EL...J b)u.'.a Si-0-51
3 50 ¥ |
4000 3500 3000 2500 2000 1500 1000 500400

cMm-
(Fomin ply 215 0l /08 plp 23 555V Rl PH O m@/L i, §5) |3 o 51 dn J55 51 ke FTIR ib ¥ JCs

2282

«

ey s |

5l 31 45 03557 S NMR i 0 S

7.284
A
J5 Kby, f il

I

I

‘l B JSyka ey 8

f

I f

/' 4.7 |
b |

o \/k A A

® gﬂ%
v//%ﬁ J 1190 lgr /sl o losh /g 01

Ol umo il gy pole ozl Liiag Ju ole oolilad N
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

Culg 53 LY L /0 5l Ol lude L Ll sl
6 o3l Olge JilsslaS s b 3 cplidew, 280 &

w\ QML«\..A JJG )‘J_y.u L &_JJO- Ca.:ﬁj-b ﬂJLiA A

L b Sl l8

Y o v q "W
pH

Alp ) bl a8 p dglow pH 56 -Y jls
($romin g, 2SIy 0b) /08 4l odlr ik o\ v+ mg/L

o I I P e PR G L W

=

mg/g o ol ol b
T s
1 g G S

¢

/0 \ /o Y

(8) 3l jlaie

) b o b b 5 a8 il Hlde 50 Y Sls gal
(Frmin l, STy 0Ly v 4, pH & mg/L 4,

150 1 Ko 53 b odr b il Ol ks LU
Voo 5l s clale i il ol Eals 4 A0 4 e
s gai sty J2alS ZAV/O ssu- B, oS 00 mE/L

.M;y@)hﬁi@b«dbj\dﬁgw\@u\‘

e J395T Sbow (9,5 (o)

o gle bl

150 A1 Wb 53 i ol iyl Ol 36

VAS TN B0 63 5doms 3 Lle Oloy 2l 530 13 505 b ollas
0338 b e 3 I3 5T e (S Gl e
FrMIN 0L L3 5 ol LS sl Gty S L
sdalive oS Lanylin 534Sty £ AF/0 550 4 iyl 3
Sl i 35 480 Ll L E aS VA min OLL s e
S s femin Al B gl ol ol 1 sl el

s as S

it e ey o2

1 b Bl s

[} \D \Q Y Yo Fo Y. VA
(min) oles Ol
Js Gl o )b ol S0 =Y s s
Oeomg/L 4, 3 o, pH /0 g O3l i)

(8 Sl ol Il pH 3G

Sl el sdalie BB Y Sls sad 55 andllas 51 2 0l Gu
ORI L 5 3T e 8 ol Ol iyl 3 51 #+ min
S Sosb s, S g il &Y 5l J s s o S5 pH
APV Co s 580 0X JupH s o Gl IS
OllaMe & 55 L del G w4 45/ 540 AF/0 Q)Y
Al e S e sV Cde ane PH eolal 5 ()15 e e
150 AT S 53 Jib Dl 3l Ikl Ol i 56
53 b Gl LIS Ol 55 bl Sl Sl s 36
Y SO Slade Aul Bl Ll sl sy OLLASY HIs gl

Sl L AF0 LAY I s Gl LS 0 g Ls

by el
11290 Jlgz /U9l o )las /ogs 0,95 -

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

RUL S PR UENWY

&

I
w53 (YY) 0l s s Pouretedal « _laalllas s
53015 2,18 5Na,S10; eyl esle b I35 31 Kk 500
ik LT sls sl P2 5 Cd? Cu?' glad <l
arie S5 6L s 5 J5s 5T K o1 0Lz XRD
olL,es 5Shao .ol ¢, L & 5 (@amorphous)
DS o 3115 I35 5T S 355 anlllas 3 (YY)
sV A sl U5 T S FTIR il 3 5 S g
Oolze 5 0,lal Si-O-S1 asy by o 5 5 4z Avecm
Lparfoem! Kb S5 S woal oy bl
SU adllas 3 .ol 035 il ] H-OH 5 Si-OH «
Jodr sl sk e e SEL1SHTY) O
Sl Cwsl g0 Soge S8 FTIR Cad cois oslix ol
AP ol 55 i glail slowl 5l S 3 Sl
ail- C=C Ll s sy aass,mrirem’ 5
et ail 5 228 0lie C-C-0 (—iis Sl )]
NMR il ;5 (YY) 0L, Ken s Gallo sy 55 s
by e Sy Sl 658 5Y gl s s DS 5
ppm G #/¥ ppm a3 Slagyl ail la0ssdn

ONPPM s | S5 0m 05550 a4 by 0 S 5 VI

g

- TSNP ST Sy AUTRNNTCEEE

me/g g5 ol b

4

Voo Yo Yoo oo v

(mg/L) S hle

LR PRI ST SR TECR Y PCHIPL I (L IOV,
(Prmin ,, STy 0Ly v ol pH /0 8 O3> ,lade)

o o I35 31 Wy Job ol 5550 5 S
oL 030 OLLES Y Jpor 5 anlllae 5 ol St w sl b
3 ad St Jo Sl s Sz 8 b o
2l e S o Cand /AT Sien o Lp s
Sk 2 I3 dor b Glats p 5l e (s Bse e
Sl bl opl el ol eals OLES ¥ Jsd> s 5550
g A Kvp gy SUk-Pyv{ YN VISIU | PRSI CH MY T
s S Bb romen (LS 0 (55 /40T I CHINY
mg/g il J5s 5T Kl 5 kb der b b Sl ¥

el ks FV/T

Oremg/L iy 5V ol PH /0 g il 5laie) aad o I35 51 e 2 Job Dl (St ol =Y Jsit

RY K\‘p qY

+/4¥A4Q v/v e VA OO/AS

RY K\p q\
«/OATS AR Y5V

(oo mg/LﬁlﬁJ;.'aNﬁlﬁpH £+ min QL&J’) o“ﬂmdjj}i%ﬁ&jyk &j}ﬁ‘ “r".‘.‘}‘b -y d‘,.k:-

RV Ks \/Tl I{Y Kp qm
+/4074 \/74 Y/¥) +/VYYY o[V fv/va
_/%g yﬂﬂ/ 1190 Jlg: /U9l o)l /082 0393

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

S Jol s b sl s W) 1y Sl sl g
5> S 030l oy 4 it S PH cpl s aalllas
J pland SN plo g ol S 5515 ) sl Jslome 50
s e 32,5 o o 3l B T B 5 o,
S L s, 5e 53 Sledbl (PHZPE) L i «ai pH
Sl PHZPC anlllas ) 53 S o asidio 3l e
das o LS e ey o el oy $/4 00 i J55 51
gl > A e S U LPpH L ) S PH s
Glad showe 534S bl 515 ol St L oy o w0 a3l
S 1l e 13 S 5 ST S st
(TN il S2als I3 3T S

Sk 553 GRIBI L o oo (DS I Sl sl
O Sl b oo e (ool 531 ctas o O 5 I35 5T
gl Sl 5 i o GO Dlse 42 b s e 3
gl 23l oS 550 55 el 3l VL olie s 2l
sedd plal b lad iS50 5 a0 s b s & 3
Lo a () sl r 31 Jsloma 3 el 8 0
S palie gl )3 eliladl Jd (3l Ol e (2153
O3l Ol L2l 531 L sls Ol Slislos bl s o OLES 1
Al alS O3l o Al 55 e O s VTl
Jl Bl 5l 5 0dle pldl e s 4 ey ool e
e b Bl oS eslizad pde 5 3l e 530 g0
Gl a5 s (1Y) 0K s Meena (YY) ol
el 3l Ol 35T S Sl ealisl | S 1308
PH 20 g/L b &3l Olgee (2l 31 L sls OL23 s il
FESER R LI IR NP R PR Qe JpUs
5pS il N, L Sis GLSVY gL Lo sl
35 1y aalsl o,

Lol LS &S el Cid e diasOLES Bl el
il 5l el Jgles 3 ea VT Wyl clale 51 b us
55 ol teds Gl bl s v ou VT e ble
e S b Ly, e VT Bl 13t e el

\a

e J395T Sbow (9,5 (o)

SOt a by e Sy s pl-Y 8 S5 5
S V/F ppm L /8 ppm a5 Ssboy,l ail>
53 5O/ PPM s S gyda 055 4 4 bs 0 S
by S Jsnpl o Y-, S b S
Sy 5 V/F PPM b 55 Ssles,l adl> laois s
A el O/Y PPM > S 5 s 05 5od 40 b g e
S5y Jds A oda Al b ghanl 5o ) Gl b Gollas
1 DU WP [ C PN WS VY B P UNCOW W
O4—s Jat s a4 doles aladh 4 Oy L Ll Al s
O oWl el S Sl ol JLs glaosa
Sl L s 56 5 o o b slad S
w5 ole oo ol 4 Sulg 3 5 SRalS
ot oty lad 550 sliad Lol Ol lad S5
LL b e Sl b eIl s 00,8 e
ozmen (Y0) ol sl (Steady-state condition)
Z AN Gl ¢l (Y8) 0l wa s Khanahmadzadeh
Sl u3spelS 5L pomg/L 1 adsl clale b b
pH &+ min ol 5 Ll 3 o e (b op S-J55 5

VI CSUNV VR I S| PR PR SR
Ol b b ol s SIS 30 sl el 0l s
ssb s el SIS 56 86 o e pH (ol s
Sl st 5 (S LS 5 Ol 4203 2 s
b8 61 PK 48 il 51L(YA (YY) 5,138 o 31 O3l b
il s s 5 pK Sl iy Jske pH 85 (ol 44
Ll e e 5L L sk 5o Jd el g 5 JI
Cd (7)) 0L s Nava o5 lasdlas 55 .(Y4) 55
Ot ol el LIS s el S Aol sy s
ol 5385 | m ws Sl )Y L pH i ) pH
S Qg Do i Jolome 53 3 gz e S Bl 2
o U550 b aislie 534S axils 552> (phenolate)
52 (V) O 5 SU sl (e 53 055 0 Dl g0
PH sl se oo 551 b Sl Ol e L e alllas

by el
11290 Jlgz /U9l o )las /ogs 0,95 -

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

Ol 5 gl yuol

o b b Ol e ol s ol Jlmb gL L
\YY mg/g ol Y4 mg/L s oSl chls s g Sl

el ey

S S 4o
ek g I3 51 ke 2D 2 4 anllas il s
A 4t ol slad gl 51 8 Sl 3 e SIS
3y g 0dd i Ui 51 Ko XRD SEM (gla 1 JUT
L oosh o8 s 2l - ol C3l L S jlt
Khw ¢ 5 d FTIR NMR slacid 55l oL2s
e VY BT o3 g s PH 201530 5 5as AU 1y I35 5
5ol Ol ull s S s G s i)l
D Al s PPl 5 s el
O3l Ol Aol aS s Jl s ol s b G
S b Rl Al e o sl ke
D R R S R e e e
ol e e glaesls b 6,85l ozt 6lls £9°
A I35 AT S (5 581 Sl o b sl s e
L i o8V 1 pH sl o TV mg/g
50 /0g il Ol 5V mg/L Ll sl clals
b 4 sl £ AF/0 Ll )3 5l Se min oLL
Y 4 a8 s i sl 6 S el o2
ol bl sl 1 i sie LT andlas OSG! ol
Ot Al Sl 88 335 o patta o 4 O3
o S Pl g S Sose s (bl
a5 des O35 gl el 55,8 13 4kl 55 ol
L S atlte 31 5 I35 5T Sl 6328 ST b s

33,5 ss

® gﬁ/
./A}?Dg J 1196 Jlgs /Jo! oo /g5 0393

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

"N

Sl pl der s b oa VT Cble 215510 5 es 0 oslize
Jad mla o ol alia b VT oS glac bl 55 il
oIl de b O3l D3 s pe o slac
OAd il gl el sa VT clale 215l L sl e
oI ramen il o SalS Sl LIS 5 A
J3 4 e VTl ke 1581 b odr o B Ol
55 (FF) 0L, an 5 AKSU (ol ke oLsl S 5oyl
o Ol 5 s ,S 5 J5 a5l CBle 36 o lendlas
sdaline (s S cwyodd S (65 ggm Ll b o (59,5
S a0 mg/L w0 sl e ble il as S
Cob b il s Ble Olekily RalS o ps S 5 Jib sl e

38 el ol
G J3s AT ok 2 8l ¥ sl i Gl
S roman US (o (S5 N 0 = sk Jdes ]
St iomad ool s VYA ME/E o q
N T P SIS JENCVRUR VIS U
() 0, 5 Yousef aallas ;3 A8 o as +/4¥AQ
St 5 05 050) b S5 o b e i o
S 5 @l e fonl o5l n Gl Sl
o535 OAAT;MJU.@L:;‘;_LE,\ATWJ% 053 4> 4
3l a5 el Y Sl XS e 2 oSN
oAl e 5o el ol Cder 5L Lol s
Sl 05558 3l w551 AS 0 23 s b
dlail w8 Cdr glacalw Jb il ar s JLl3IL
ke 4 (Y0) 0L, Kes s Guotong .l o ialS
o5n 5 i by 38 ST 55T S slad 515 (8
G5 o Sl sdel Gl S G sl )3 asdllas
il L Galal o i e s A4S S
Sl J518 0 5 Sl ol ol bl 315 1,
4 kb 5 51 b JUal il i e a glls U35 5
5 s Jusl (film diffusion) wsls =, —
Jo ol Sule 5o 5003 Pl dl sl 4 =l


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

@l:.c

1. Hashemi F, Godini H, Shams Khorramabadi G,
Mansouri L. Assessing Performance of Walnut
Green Hull Adsorbent in Removal of Phenol from
Aqueous Solutions. Iranian Journal of Health and
Environment. 2014;7(2):265-76 (in Persian).

2. Kakavandi B, Mokhtari M, Rezaee Kalantari R,
Ahmadi E, Rastkari N, Fatehi M, et al. Synthesis
and efficiency evaluation of magnetic nanocom-
posite of activated carbon- zero valent iron/silver
(PAC-Fe°/Ag) in phenol removal from aqueous so-
lution. Iranian Journal of Health and Environment.
2014;7(3):399-412 (in Persian).

3. Kermani M, Gholami M, Gholizade A, Farzad-
kia M, Esrafili A. Effectiveness of Rice Husk Ash
in Removal of Phenolic&nbsp; Compounds from
Aqueous Solutions, Equilibrium&nbsp; and Kinetics
Studies. Iranian Journal of Health and Environment.
2012;5(1):107-20 (in Persian).

4. El-Naas MH, Al-Zuhair S, Makhlouf S. Continu-
ous biodegradation of phenol in a spouted bed bio-
reactor (SBBR). Chemical Engineering Journal.
2010;160(2):565-70.

5. Praveen P, Nguyen DTT, Loh K-C. Biodegrada-
tion of phenol from saline wastewater using forward
osmotic hollow fiber membrane bioreactor cou-
pled chemostat. Biochemical Engineering Journal.
2015;94:125-33.

6. Fernandez I, Suarez-Ojeda ME, Pérez J, Carrera J.
Aerobic biodegradation of a mixture of monosubsti-
tuted phenols in a sequencing batch reactor. Journal
of Hazardous Materials. 2013;260:563-68.

7. Liu H, Yu QJ, Wang G, Ye F, Cong Y. Biodegrada-
tion of phenol at high concentration by a novel yeast
Trichosporon montevideense PHEL. Process Bio-
chemistry. 2011;46(8):1678-81.

8. Naddafi K, Nabizadeh Nodehi R, Jahangiri rad M.
Removal of Reactive Blue 29 Dye from Water by
Single-Wall Carbon Nanotubes. Iranian Journal of
Health and Environment. 2011;3(4):359-68 (in Per-
sian).

9. Yousef RI, El-Eswed B, Ala’a H. Adsorption char-
acteristics of natural zeolites as solid adsorbents for

e J395T Sbow (9,5 (o)

phenol removal from aqueous solutions: kinetics,
mechanism, and thermodynamics studies. Chemical
Engineering Journal. 2011;171(3):1143-49.

10. Li J-M, Meng X-G, Hu C-W, Du J. Adsorp-
tion of phenol, p-chlorophenol and p-nitrophenol
onto functional chitosan. Bioresource Technology.
2009;100(3):1168-73.

11. Standeker S, Novak Z, Knez Z. Adsorption of toxic
organic compounds from water with hydrophobic
silica aerogels. Journal of Colloid and Interface Sci-
ence. 2007;310(2):362-68.

12. Perdigoto MLN, Martins RC, Rocha N, Quina MJ,
Gando-Ferreira L, Patricio R, et al. Application of
hydrophobic silica based aerogels and xerogels for
removal of toxic organic compounds from aqueous
solutions. Journal of Colloid and Interface Science.
2012;380(1):134-40.

13. Sarawade PB, Kim J-K, Hilonga A, Quang DV,
Jeon SJ, Kim HT. Synthesis of sodium silicate-based
hydrophilic silica aerogel beads with superior prop-
erties: Effect of heat-treatment. Journal of Non-Crys-
talline Solids. 2011;357(10):2156-62.

14. Venkateswara Rao A, Hegde ND, Hirashima H.
Absorption and desorption of organic liquids in elas-
tic superhydrophobic silica aerogels. Journal of Col-
loid and Interface Science. 2007;305(1):124-32.

15. Standeker S, Novak Z, Knez Z. Removal of BTEX
vapours from waste gas streams using silica aerogels
of different hydrophobicity. Journal of Hazardous
Materials. 2009;165(1-3):1114-8.

16. Liu H, Sha W, Cooper AT, Fan M. Preparation and
characterization of a novel silica aerogel as adsor-
bent for toxic organic compounds. Colloids and Sur-
faces A: Physicochemical and Engineering Aspects.
2009;347(1-3):38-44.

17. Gurav JL, Jung I-K, Park H-H, Kang ES, Nadargi
DY. Silicaaerogel: synthesis and applications. Journal
of Nanomaterials. 2010; doi:10.1155/2010/409310.

18. Blaszczynski T, Slosarczyk A, Morawski M. Syn-
thesis of Silica Aerogel by Supercritical Drying
Method. Procedia Engineering. 2013;57:200-206.

19. APHA, AWWA, WEF. Standard Methods for the
Examination of Water and Wastewater. 21st ed.
Washington DC: American Public Health Assicia-
tion; 2005.

by el
11290 Jlgz /U9l o )las /ogs 0,95 -

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


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

Ol 5 gl yuol

20. Su J, Huang H-G, Jin X-Y, Lu X-Q, Chen Z-L.
Synthesis, characterization and kinetic of a surfac-
tant-modified bentonite used to remove As(IIl) and
As(V) from aqueous solution. Journal of Hazardous
Materials. 2011;185(1):63-70.

21. Su J, Lin H-F, Wang Q-P, Xie Z-M, Chen Z-L.
Adsorption of phenol from aqueous solutions by
organomontmorillonite. Desalination. 2011;269(1—
3):163-69.

22. Pouretedal H, Kazemi M. Characterization of
modified silica aerogel using sodium silicate precur-
sor and its application as adsorbent of Cu2+, Cd2+,
and Pb2+ ions. International Journal of Industrial
Chemistry. 2012;3(1):1-8.

23. Shao Z, Luo F, Cheng X, Zhang Y. Superhydro-
phobic sodium silicate based silica aerogel prepared
by ambient pressure drying. Materials Chemistry
and Physics. 2013;141(1):570-75.

24. Gallo RDC, Gebara KS, Muzzi RM, Raminelli C.
Efficient and selective iodination of phenols promot-
ed by iodine and hydrogen peroxide in water. Journal
of the Brazilian Chemical Society. 2010;21:770-74.

25. Bhatnagar A. Removal of bromophenols from wa-
ter using industrial wastes as low cost adsorbents.
Journal of Hazardous Materials. 2007;139(1):93-
102.

26. Khanahmadzadeh S, Khorshidi N, Rabbani M,
Khezri B. Removal of phenol in aqueous solutions
by silica aerogel-activated carbon nano composite.
Journal of Applied Environmental and Biological
Sciences. 2012;2(7):281-86.

27. Aksu Z, Yener J. Investigation of the biosorp-
tion of phenol and monochlorinated phenols on
the dried activated sludge. Process Biochemistry.
1998;33(6):649-55.

28. Lu X, Zhang X, Qu F, Gu X. Study on adsorption
performance of activated sludge to chloro-aromatic-
compound in biological treatment process. Environ-
mental Chemistry. 1998;33(6):649-55.

29. Gao R, Wang J. Effects of pH and temperature on
isotherm parameters of chlorophenols biosorption
to anaerobic granular sludge. Journal of Hazardous
Materials. 2007;145(3):398-403.

30. Diaz-Nava M, Olguin M, Solache-Rios M. Ad-
sorption of phenol onto surfactants modified benton-

® gﬁ/
./A}?Dg J} 1196 Jlgs /Jo! oo /g5 0393

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

\Y

ite. Journal of Inclusion Phenomena and Macrocy-
clic Chemistry. 2012;74(1-4):67-75.

31. Hu B, Luo H. Adsorption of hexavalent chromium
onto montmorillonite modified with hydroxyalumi-
num and cetyltrimethylammonium bromide. Applied
Surface Science. 2010;257(3):769-75.

32. Sulak M, Demirbas E, Kobya M. Removal of As-
trazon Yellow 7GL from aqueous solutions by ad-
sorption onto wheat bran. Bioresource Technology.
2007;98(13):2590-98.

33. Meena AK, Mishra GK, Rai PK, Rajagopal C,
Nagar PN. Removal of heavy metal ions from aque-
ous solutions using carbon aerogel as an adsorbent.
Journal of Hazardous Materials. 2005;122(1-2):161-
70.

34. Aksu Z, Akpinar D. Competitive biosorption of
phenol and chromium(VI) from binary mixtures onto
dried anaerobic activated sludge. Biochemical Engi-
neering Journal. 2001;7(3):183-93.

35. Qin G, Yao Y, Wei W, Zhang T. Preparation of
hydrophobic granular silica aerogels and adsorp-
tion of phenol from water. Applied Surface Science.
2013;280:806-11.


https://journals.tums.ac.ir/ijhe/article-1-5460-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

Iran. J. Health & Environ., 2016, Vol. 9, No. 1

&

HEALTHAND ENVIRONMENT

Availible online: http://ijhe.tums.ac.ir
Original Article

% &
" of Environ®™®

Performance Evolution of Silica Aerogel Synthesized from Sodium
Silicate in the Adsorption of Phenol from Aqueous Solutions

AR Rahmani', F Nazemi?, F Barjasteh Askari®, H Almasi*, N Shabanloo®, A Shabanloo®*

! Department of Environmental Health Engineering, Faculty of Health and Research Center for Health Sciences, Hamadan University of Medical Sciences,
Hamadan, Iran

2 Food and drug Laboratory, Hamadan University of Medical Sciences, Hamadan, Iran

3 Department of Environmental Health Engineering, Faculty of Health, Torbat Heydariyeh University of Medical Sciences, Torbat Heydariyeh, Iran.

4 Department of Environmental Health Engineering, Faculty of Health, Hamadan University of Medical Sciences, Hamadan, Iran

* Department of Chemistry, Faculty of Theoretical Chemistry, Bu-Ali-Sina University, Hamadan, Iran

¢ Department of Environmental Health Engineering, Faculty of Environmental Health, Hamadan University of Medical Sciences, Hamadan, Iran

ARTICLE INFORMATIONS: ABSTRACT

Received: 2 November 2015 Background and Objectives: Phenol is a toxic and persistent substance
16 January 2016 in the environment. The aim of this study was to evaluate the performance
of silica aerogel synthesized using sodium silicate in the adsorption of
phenol from aqueous solutions.

Material and Method: Silica aerogel was prepared by Sol-Gel process.
The influence of effective variables such contact time, initial pH of
the solution, adsorbent dose, and initial phenol concentration on the
adsorption efficiency was investigated. The characterization of prepared
silica aerogel and confirmation of phenol adsorption was determined
through SEM, XRD analysis and NMR, FTIR spectra respectively. The
adsorption data was evaluated via Langmuir and Freundlich isotherms
Key words: Silica acrogel, Phe-  and pseudo-first and pseudo-second-order kinetics.

Results: This research found that the phenol adsorption efficiency
increased by increasing pH from 3 to 11, so that after 60 min, the absorption
efficiency at the 100 mg/L initial phenol concentration and 0.5 g adsorbent
obtained 84 and 96.4 % at pH 3 and 11, respectively. The SEM image and
XRD patternof synthesized silica aerogel confirmed the creation of porous
and amorphous structure. After the phenol absorption, the NMR and FTIR
spectra of silica aerogel, confirmed the creation of new bands because of
phenol molecule at the adsorbent structure. The absorption of phenol was
compatible with Freundlich isotherm and pseudo-second-order kinetic.
The maximum absorption capacity (q, ) obtained was 47.39 mg/g.
Conclusion: Silica aerogel as an adsorbent, due to special characteristics
in the structure and usage, can be a promising treatment process for
adsorption of toxic and persistent substances.
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