[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

ST s gkxe 1A 3099 STy Ky Wi 43 0,10 5 sLdlglgili 8 415

Yoo . Y ) Vo .
¢ gagael ) Cpun sans ¢ (S99 (339 g3 Ol ¢ lumiy (puns
agﬂ:ﬁAJ OJLU.I ‘\" d‘js.d.u.ll? Gﬁlb

b g 3 Ao
o>

-

Ly el s 1 S b () by pl s s S Lame S5 JT ol lie 51 (S 5 (60l 5 ST Lol KK oo
b laoilr cad bl Gl )3 Ol 51605 ol sla by (25308 5 31 (6 bl ST aome 5 S s
4 o)l SS (S Sladl J5b 1 eslital (twdISal gy andllan pl 51 Cota bl gr Waedt VT gl O sl 03 28 slas )18
il T lad gome 51VIA 503 551, 65 Sl 0T 3 s O3l Ol e

595 5 PH Ky adyl clale (DMt St o wled Oloy Caibes (sla galyl 31 5 A plol 4 gyl Sy g 4 (2 andllae nl 395
ol 0dE gy VA o 5 5Ty 6y ol 3 0SS 0 ST (sladd ) 5L

/) O3l 55 AL AL Cela ¥ sl Sl 5 6K Gl S e 4 it g ol Olej o7 55 O3 it Bl
R b e I TN e 4 TAVA S ) s 0 8 e YO adsl ke LVAA a3 5T, 6K, Uploe (g1 ol Okl S 53 p 80/
Lulys 53 08 50 S ha VA o)lae eSS (S Gl Jsl 55 2 VA S0 STy 6K (b ol b b ST S s 8 abte
Oty celu ¥ 0loy s PH=F s 23 55 rﬁdpm 400 SIVAA a5 oS, 6K adyl chle JralS bl estsl GUst (PH=F) gl
O A VAP R

T3 Je 53 a5l e p 55l g es g o5 BB OB Jgl a5 dsles b STy 6Kt 487 515 0L anllan o) ol 105 S 4ol
Snh A s s 53 5 3 4 panmie SIS o5 5 o S S 3L e o (5 S o1 s 4 blal e S 5050V
AL e L5 (o VA a8 55T, 6K ol g D3l Ol 4 o)l ST (S sl It g 8 5 Shes 5 3L b

T Sdsbe VA 03 58 o il o)l S5 (57 sladl 5 SO (SoSlg

M SBUYPE 3l ojle canmy 0l Sljcomla s oo Ghgeol >l gy odemw Sowes o (gilasw 1EL I
821N AYAY s pls) Sl s (2T S gl 312N 308 g8 1) &5y L 0 o4l

VY[V iy sl \WAY/YIYA (8L 8 & 56

Olpl g e Bt g (S ple oKl woatligy odSils ¢ g o 5 Olghosl (S pske ol () Jame Sliiod S 0 (583 gty )

(I35 ki 5) Ol ol 532 3 (s dgd Sloys 2ilig Sloas 5 Soy e 5le o&zils ( Malloyey s dmoms Sl wdige AS ) WL Y
Email: Seyedeparvin.mosavi@yahoo.com

Olpley on Fote ded Sl 2ille Sl 5 Sy esle oKl (g 2Kl dams Sl wdiga 0y S skl Y

Olpl g g Bato dgd Sloss 2l Slads 5 (S p ke oliils il odSls class Sty pilign L5 WliiylS Y

Ol Ol sl UK 5 Ol O K s oSl Ol Als Dl 5T oSl 0

YYo 1P Gl /293 6 slod/ S o/ caodhw pUER Ciligions dloro



mailto:Seyedeparvin.mosavi@yahoo.com
http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

35158, e 53 S slad S5 )8

oy (glolis 5 )b b s cubls sl ol
sl e (Y ()5 Sbdgdgl (5 A ) cusl pudpy
W deg b odmes o gl exe I eanYl Gls
Glo 3 s ol (S clbalggl w@isiS clallas
L (¥ & ) Wlodls lis 265 51 Sz g uﬂ sloss Y
5 oslizal U 1y 5lgs g 5 e VoY o 3 oylSe
s ob ol mls b pbul LS sledgdgl
Gl bl O3 e @ Wl )S sladgsl
» )5 il gl sladglxe Sl S g o Blo
bl cy 4 o)l S sbdgdl bl adlas
S g o3 slp Moy AN 5 VY Gl leadl
S YA Jlo 3 (ulSea 5 Slojyy (V) Ll
I ok Sl o Qb gy a ) ()5 sledggl
ohlSar 5 olS)Hae (1A) wlos)S (35S o] slo Jsloe
Il e 5l el S, Bl (4
WL0)S ooldtwl eaBSISe ojlinns ) sladldgl
Sy Uogy ol 3 edlil S ol L o] adlas guls
S Vb b ol g o332 e igslS (SaSS i
(V) 205 )18 425 3)90 She gy e Olsie 4 Wl oo
5 Ss5 olul wbj pogaste maw ()5 gyl
sl e bl (F) )b S g Y sl
4 pade (S8l g (SSle Oluogad (ogase
g dale ylad Jio gyl le Sluogas (VA=) W)ly (6,8
WS i ) Qo liee Blg5 o0 () sladlglgll s
P Ao 4y Cud &5 oblie e a4y )5 sadlgdsil
Cabbs b dSols sl )b kb oS o
IS ise s Mg 5 b Pl ploj Y Gl
oS S5 ir S sl (V1) 25500 a4 Ulje
oledily wxs > 9 YL Hle ogatie gaw )b
YY) dies ojlirdiz ()5 ladldsl 4 cons 65V
o S5 inyS cloalggil i8S sz oyl o 130 (Y
VA 8 WSl K5, ol (SWCNTS)

Sl 4B 18 oy 1 0y50 o] sloJglma

dodio
P &S s plewd OlS g SLbs )l b,
0305 yobo &y 1SS (V) Wgd oo L (siaio slaclu
glio 5 Stodly (lwdelS (gilop (2l glo
Elpl @ Lo )l8 ol o g (V=F) gy o0 )5 @ S0
s (S99 opped sl (S b 98], ey
Syl w855 g3l 58y SaSs) )8 e
Jtsle 5 & a8 stes Ol Jglxe egtias
2325 4 Ygene LSS, cpl Wil £95 cp e sl
diai sanlp Loy e pglie ila (Sofslen

gl > )y 2929 - (0) Wodeed Bl Johtte Soigloe
suogd | a ) 5 oo (il 1) wdy 598 39 o
cel b)) () F V) w8 e pSsle il plals
o 5 @liol s wg Supd il (55
P al (S sbole mlple () A1) Nsds
e s LS U odd duinal ) baprs 4 adss
V) M talS Lo

g Sl (Sjgden adal b Gl ouae sla iy,
Osmlyilid e oliond GomlianST ()il b phad ¢ gjloasd
Bl ol (S 95 w35 (o b5 (olis
(VY Wl arwy () slacluy 5l oluS 5 o)
g Med (e aps Jlp g pglie LSS,
olely bl BB (Sofglon aniar Johie (sl
it J oy (V) sl e gl Bl o Jod LB
sbdslxe I b, chle yals anl (pycwle
B4 ol 565 eSS, wods anls (WIF) cwl
My 0ylgd Wlgi oo QA dondi 3 g WS e Jiile el
Coj oo b s (polod (o SUiS (Jome ) L o
sanld 505 b awlie ) Clo blie (V) 55 18
(V0) cusl 392 i)l 9 by oy (Sole sl
o Jre Jgere slaodl Gilise Sldllae (98T
Gyl e (Sl SVgaxe ey gy (L
Kl S )8 adlas 3)50 (5pery Slge 5 uager «sjysliS

1FAY Ol /90 o5l S Jlu/ candl plS Olisised dloxo

res



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

Ol)&o.zza 9 @b"‘“’ (o

5 ol 4 e odlizl ( Electron Microscopy
EowgySee bawg oS ) slddyl il
Transmission L TEM) ocxasjpe oSl
gyl Logae mkaw ¢ (Electron Microscopy
Brunauer, Emmett & L BET) <y py55) bwy
Sty cpl > &S 5,5 e JE byl 540 (Teller
CrSopy Gl Caiuo oSighy lawgy ol al)l (claodly
TEM 505 Y JS3 3 SEM jyg5 V JSG cl 0

a3 L5 |y (s 0 iS5 (a5 (sladldgil

b 59,
Joame dallle pl 45 edlitul 350 VAA 0,8 5051, S,
AV Ji 32 Sy cnl sl Sg 29 el gl 8 5
il o (258 adllas S adllas (pl (YY-YYF) Cusl ois
03l obl oBiulojl 3 5 dtwgul yge 4 oS
oy il Glas 5 Sbh pole oKl cublig
S ol o on S plxl 35 Boro dgd
S g Olpl Gl Caiio olRingy Jgae o)l
a5 s > Jolo slaos,S (55 Corbgn oo
Scanning L SEM) 5980l g Sue pgaas 5|

13A 308 g1y &5y Dlasin ) J9u

& bowds HlsLw
OH N/I{‘N NQ
NaOSO;CH;CH;SO;—Q— N=N 'SO,Na
Na0,§ SONa
53T 50 ) g
Ca7H18CIN7Na,045Ss bosds Joo
aFv/0 (g/mol) Jeg0 59

oslus e o sbdglgib SEM L) b

YYy

1FAY Ol /29 o kol s Sl St pl Oliuisxs dloxo


http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

Tl ol 84 Jpamo 5,Sen <Y Fgho Sl
5 Oyl sladigel STy clale  yisviw b edlil
SP- Jae UV/IVisible jiogidg xSl 3l ookl b Jopomo
Job > ool pdlS e pwy 9 3000 Puls-Japan
o) i iolejl pll (YO-YF) ab plol yregil OVA zge
Sl Sl el wl)l @l 5 g )5 Hb 90 b adllas
3058 981, 5y Lls e ol sl Cund 4 slaody

W3,5 duwlxe g5 dolee 31 VAA

")

(CI} B Cej

qE:TXV

VA 508 9581, S5y bl 5 gl ke 35 4 Ce 5 Co
V 5(9) (dpae 0SS 08 dsil 595 M 5 (MQ/L)
Sbdie g cup sl (L) a5 350 Jore o
LSSy sledsle 4 ols e slajey oyl
PH e alisd o) )3 5 <6lo) o)y o5 Lo YO clalé
2 Cele YF Goe @ bl 0y50 sl Jglne gy ¥ ladiges
O A 0> 18 g8y > je0 VAL cud b S (g,
bl tegie Sl gy 4 S5 oxledly slaclals
Pl b goyis Yool SlapSgnl S
G5 ol o sl Sl g oly B o 0kigdinde (A5
Clr pignl sl b Gl Pl o5 glaesh

o)l ES o Syl TEM Y b

B gl VY 0)la S ()8 ladgdal ()l a3
g g segySee Vo gk opesl AN ] s

sl 0332 7 AB ogl b p)S 1 pyeyio Voo pogasi
SOy i 3 pSke Ve Jsloee Tl adllas plxl cox
slp Sgial Jobro cnl g A3 405 VW o) 551,
D3 eolatul Dy90 STy asuie cdale L sladiges cilw
OmS g see 0dd pbdl Ayl S @ dag L cé S
@ g b graes 9 Ky Bl e cilitie lael)l
SOy adgl clale Jod 1 i gl el )l lie lallas
ooles oyloj o LM s (Bl j93 PH VAN 50,8 05T,
Oy e Lz (il ol Cb b8 18 gy 9)90
S polel 2 o)l ST () Al dlewy 4 S, Sl
2l s 4y oo g ke B ol s it sl
plol lp ol o) iy (ladnd o)l
PH b cas +/A N HCI g NaoH ;I 5 s ol

Sob & yd e VO sla gyl il edlaiw] adiges
Voo g s p)S /A g ofF Gl )Y il glajed
B 5 YD s laclile b S5, gl 51 il e
YA B I isee Jloj o3l Vo Wdgy i 40 p)S e
VP Ve a9 b 0l )l Sid (g9, o 4addd
IS o bh o .cd)S Ohao bW aads > y90 YA+

Skd 5l Jglbre 3 adlgdgil (gilulis (clp s oy

VA Ol /P93 6 sloui/ midd Jlu/ Swodhw pUE Olasions dloxo

AL



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

OI)M 9 UJL\M: (e

e 15 ol (soe yiite 02T (5u)S sladlglgil o
o calizee glajed 0 oloj blie o ) clale ol
Cuol cpl Sy jloges cpl il oads 0ol LIS Y jlages
oS P e beg Kyl ey JB e &5
ol g cal and)S Bls o)l )8 cladggil
5 yedkaBl (i) 10 p)S /A 590 b dwslie > +/F G0 &S
59> Qlsis 4l 3 p)S 1P o> dom ) Cul Sadpon

W) 6919 oalawl D90 Al

S5, adgl cdalé 5l

ol b Ky Bl lewly a8 o ol db gyl wls
adol cdale yiulil b ge 5 Wb o ials oS5y adgl clale

(Fo¥ sloyloges) b l381 S5
P s xiglyd  wled Gloj WU

PO e gl Sy sy il gloj b
o1Vl lsie 4 S5, 5l 1) 1 p S e B0 5 YO (slaclale
sl PH )25 ()5 lodlglgil 5l 2 2 )5 <17
2 e glale; Gy o Sl as > Yo glod o ¥

ol 04 0 LS & 9 O F F olajlyges

i Olee 3 PH 51 (o 52
ol Ky Bls e > PH Bl sxslis 0 bbges
oles ¥ PH sl o o3y lis Jlages ;5 &S jebo len
951y, Ky Gl o)linSS ()5 sladgdgl (lajed
L el 03,5 Jos 5550 Vo g V PH &y o VAN o3
TYVIO G /AN e Gls plesly Ve 4 ¥ PH )58l
als ylid gl bYW a5l wyp a3 o lis ials
@i 8o, 500 VAL a4 Voo I LM ol alidl b oas
(F oged) aiby oo L2al3 AT 4 VY 5 i e

bt daly (L85 1B oy 3)90 290KY g g
il 1 Oygo ) 35eS0Y doles
(v)
_ QmbCe
~ 1+bC,
29o5Y bl s pis JS5 Y by 5l S ISl L

Miloe 3 25 ©oge &

de

Jg aOm b Am

OO pu py> 15ly 3 0B 53 ke (e dlasly opl
Giode ol (Dl bl Ce o) 5 p )5 e oo 2
Om i p p)S ke cuns (o Olo jlam Jolore 5
oy J) 48 ol 29055Y el D g e b b st Lt
b e ol ] o cawd 4 Ce Jlie > Cele lage0

1l ¥ eiles 050 4 gliis ) Gl p gl

()
Qe = Kfceljn
Cope & F dblas s S5 YU el ) 6,5 S50
g Wald
®)

Ing, K¢+ i (IncC,.)

dr Jole 3 Sasods edle ol cdale Ce alaly ol
@l )b Qe o) p p)S e e (o x|
S N 5 Ke 5 05 5 o5 e o 2 o olej
5 oy 1 Ske I laodls 3JUT cgs (YY) ol gdiigyd

435 odlitl (Stuan (190]]

Waaisly
508 55T, (5, Gl sl 48 s s adllae ) ol
(ooled o Bl 593 sla e 4 ol slaJsle 51 VAA
5 Sy bS] 5 5 PH 55, 4yl il

T

IFAY Ol /290 0 lod/ w2 Jlol cwodlo Pl Olidses dloxo


http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

35158, e 53 S slad S5 )8

100 -
80 -
3 60 1 —— YO= R A gl cuale
3
2 5. = s
= 40 —— 0 e=Fa ) ol
L
20 A
o T ; ; 1
o 0.3 0.6 09 1.2

(pA)ia 32

9PH=F) il 33 5 /8 /5 ¥ o) o)l s 4glgil alisn (518 393 4 s 5y LB Oloily Ol i L) 1S3
(4283 YA+ (wlod Olo) 9 yud 2 p 5 (o 00 970 &5 dldol S alé

1.2 4
1
[¥:}
A:-q —_—— =
: —m— =
+ o6 4 .
i) P g
‘;‘i — A=
J 044
=
7
0.2
— -
— e
o R . m——— — ]
o 30 60 20 120 150 180 210

(4B ) s G 3
S0 T A ceff ¥ ) 398 g PH=YF) &Ky g g p 5 o YO SHALE 50 Ol d S &5y Cdale Ol i LY 10905

(ol vy dglgils

Al QE&L#HJ bt

0 30 60 90 120 150 180 210

(BB S (a3

B0 9¥0 <5y gl Sdcdals 9 PH=F) 05luar T 5 Uglgib sl 33 57 +/5 395 b Olo) 4 o &5y Calale Ol gk N 13905
(5 2 pFMo

AT bl /98 0 kol w3 Jluf aod ol Olinions dloxo ra.



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

(p 8 p R ba)oly cud

o = N W h OO N 0O ©

0 30 60 90 120 150 180 210

(AR sl Ta

0 9 Y0 Ky ddgl Slacdals g PH=F) oyluaesS oy dgdail pd 10 5 +/% 390 b Olo) 4 S &Ky Do Cud b P 510905

YO Sy gl cdalé 9 pH=

@,\a&j@lp;\h’;

(5 2 P55 o

I
S

100
80
—+—pH=4
EY —8— pH=
:ﬁ 60 -
4 "
40 - - & —8— %
20 Jf/-/_
/
/
1
0 T T T T T
0 30 60 <0 120 150 180 210

(sl
VoY eF) o )la S " detaib sl 38 £ +/F 598 b Olo) 4 Cod &Ky B Oloily .0 315905
(A 2P ko

08 4
0.6 -
0.4 A

02 4

LaBlia) sk

YO S adgl Sl « pH= Floslus S s 5 dolgib i 33 o7 +/5 333 b LWS1 SIAd & s &Ky SLale O i 5 1003
(4883 YA+ Ol 9 yud g p 7~ e

Yo

IFAY Ol /290 0 lod/ w2 Jlol cwodlo Pl Olidses dloxo



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

35158, e 53 S slad S5 )8

Jobxs G @38 s NOM eyl clale ol b )8
(YY) <l juals gl PH (2381 b Lol cdl il 5l
whl sl cle b o gldlasMe B yials uul s
sdigdodr 5 OOl (sl Gl ) PH Gl L
cla ol Gials g adh ggy bl el & cush
lole (slrog)S oS sy o S 4 weSpl Ll onds
@ 23S oo W) ot S adlglgil sl 59y 32 (S5
Ok Ngm ORI cel ¥l iy PH &5 (b
iie )b ol 4 g 02b gl sl g9) OH ™ (glaog S
PH » ) Gls L jials cel oty opl g Limd oo
Luwg (NOM) b Jlslge Gls a8 Yo-V Jlo 2SU
) cllae B3l Jl3 (awyp 3y90 | (S sladglgl
(YY)

)y u.)ls P9 4> g uJK J91 4> M dlﬁ:ﬂb}d
0,8 08l ) Blo St &5 0b )l ol .o )5
Syl S5 ) gyl bws Gl aulys b YAA
(A Joges) basye bas ol &S sl 3 Jgl sy uiSTy
il e Xy Bl yuSly cepw ol snao il
sdggl bwg YoVe Jl » 4 Kea 4 Mishra
S oo Cumd OO gl dayy (iiSTy 5l eosly a8 sl lis
L (V) o) calbe yobs adlbs zols b byl adllas zols
Sba)lages ) & (o gl SYdlae I Jol> s 4 a2y
30,8 08Ty 5y Gla p gl el onds odly lis Ve 9
&8 el jl o)la S )S sdgyl g9, VAA
(RP=+130+) 29aSY g3l }) cwiman 5 (RP= </2M3)
s Al G @l b ol adlbs gls a8 e Cund
iz oS APl Lwgs s 5 ok ol
oS ol s by Geod ol W0 )3 dalllas oud S

1FAY Ol /90 o lod/ S Jlu/ candl pl Olisised dloxo

el bl o3 T3l L a8 sl ot adlls ol b
L S5y Bl plosily ped b (22l Qe g il
Clale Ll b Ge 5 Lials oS5, alsl cbile il
@10 5l eled ploj SRl bl pe 381 oSS, sl
ol Sl e (Jg b e iuli8l lesily @ddy VA
ole olyie 4 4dds Yo (loj cplpli 0392 Jol 4dB> Y+ 5
4 adBy Ve > Qlo STy b b )S b > il Al
D92 05 s Gl Glipe glo nl Sl e 9 Sy S35
Fade JipH jiall L &S 58 asuie cuises mls
A 55 die PH glsie 0 ¥ PH 5 s oo 2331 (o]
() sl PH 5> Bdo plosily (i 52 b a5
e Ll ookl M) e L33l b inob 236
Cowl 0 amBd jd yed YA+ 0 Gl e cpylino o
Consd 29SSV 5 @ddigd Jio 92 2 jl o pygil
(o685 o5l s 4 a8 wad o lis adllas oyl A8 o
4y pamio (S o5 g Mt S IS5 oy alato grbau
g Sl 3 ySlas 5oL sl g STy aoxss )3 50,8
Slo > Db glys @ o)l L) sbddsl
Sy ..\:‘9:@ ol U"‘ uj LSLQJ}l;m )1 J] dLﬁo,\J{YT
GBI L G g Mbie (tals SOy gl cdale il L
(0% slajlges) Wb GRIEI ST, Al clale
Al o o) 3 VY Jlo > ohlSen g (housl o]
oS Sodgsl by sl oo
Cuwd (polio ol 4 ¢ 2l pll (gladllas o jlisuis
Cab b dls o> Lilpl b o) adlae 5> Ll
U <55y adgl cdale ialal b g cusl aiil _ialS Cls

(V) Gl 28l )50
Ol 2 s 8 ey 3j5e ()8 slrdldsl 5 0
dldgil gg) 1 ond s b JT dlge e adllas

roy



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

OI)M 9 UJL\M: (e

hlS @B WA B Y o Sloj alols oS Jls >l
9 ZRAY g MDA il i g3 o5 Jee YO clile 4ly il
3 g JADIA g ZVYTE oy i g3 p S Jee 00 clale (ol
S 3 )8 dlge Sy A loj & S o0 don
aS 05 o Ml Sy 4 Jols loj .l 63 addy Yo
polie o Ve IO a8 ey cuddS b oan YT Gils
el Jobs o eyl aalllas ;5 13l sl claloj )3 i
@l Gl colej cpl J1am (g2 392 4883 WA+ ol 8],
Cuwd & lS b ol adlas gols (Fr) Cuol 039 05 o
Jse Gle &S YW o 3 o)Ken 5 Y0 lawg ol
Cllae 131> plsl o lizsiz (03 Sladlglgil Lawgs 1) 55l
g 4ady £ Gls ago sloy L)Kea 5 YA0 adlas 3 )
(YY) 2 aidy WA Gl isly Pl ol

) B g L

5 (R'= 1AY) 50 (o iapl e 5l e 8y
Cund (RP= INA) gdiigs pyispl Jue J owizges

(Vo) 3y cllas yols adllas gl | & 1S o
22 YT i (gl it oloj ez by slasalyd > Vsl
Gl 0ys3 0 (glorg Cuanl I 5 lailinl yolie 4 oliwd g
wisllao o 3 a1 a8 00 0 GBI s 4y i o
3l 29 Sl se ol S 2585 plej 4l 9 93,5 Sl
Bl L e g 0398 po 4 (gyde ()8 LI
S, G ek yobs adllas )3 36y AnlsS oS s 012,Y]
2 R pS ke 00 5 VO glackle p adlas 55
P CES JB wyp dyse 4B VAL B VD les (glaylo;
2 pS ke 00 9 Y0 slackle (ol iy Yo ola o]
Cawd & LWWIE o TAA Gy 4 S5y Gl lesly )

D il e
0 03 06 09 12

(2.5 )is o

L 3

3l 393 o b e Ol we o Aty Y g0

3 A y =-0.0211x +2.3929
R?=0.9125
2
-

(_;‘ -
N -

o >

30 60 90 1 180 180 210

(4B ubend S

P o YO Ty adgl cdalé g PH=F o lus eSS 2o 5 dgdgil b 50 p 5 < /8 Ol 398 b a3l Jol 4> 50 <o A I3 05
(5 50

Yavr 1A Ll /93 6 slod/ S ol Caodlw pLES Dlinions dlxo



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

S e 53 S slad S5 )8

y =05748x +2.6931
R*=0.9899

25 -2 -1.5

o
4
=

0.5 o] 0.5 1

inc

SPH=YF 50 9 celo ¥F Olo3) s 50 £ 57 /8 +/f /¥ o]} D3l 90 b osluar T 5 H9dgil zmduig B p 59l A sloges
(S 33 P55 (o YO <55 gl il

0.3
y = 0.0193x +0.0525
= 0.25 - R?=0.9508
E |
2 §
3 0.2
N
X
3 0.15
2 -
3 0.1
k]
3
0.05 -
o T
o 2 4

6 8 10 12

iy B\

IPH=F 38 9 Calu YF Olo)) st 58 p 5 /A ¢o/F o ¥ o]} OBl 390 b oyl o Uodgil 9 galSY pFgnl ) H1og03

S (Canwl 0397 ABBD 13 90 YA+ > Bl liue oy yiddio
@l pigpl g b vy OO gl 42> dblee b STy
s (ol S o Can p5eSSY 5 gliin Jao 9 o
obj gaie gaw «SogS ol Ly 4 & w30 L

W )3 9 38 & pasdie SlASLS ol g (e S S

Sodgpl arg LB Shes 5 5bj Hlaws bS]y
I oYl Gls 3 OBla lgis 4 o)l s S
551, K5y Ll s Wy ol ol aol (sl Jobxa
A8l 50 VA 30)8

(138 g Sl
ol el jo L ast glus 5l adls ge p3Y B asn s

d"“’L‘” ‘5"0)&5 9 )S»u oj\ooyg G)L’ YY)

(S 20 p 57 o YO 55 gl cdake

S 5 o
ololy bl 95 Lialil L oS 3 ol adllls oyl gl
LSSy Bl plely e b e ol Qe g il
ag) ke (Il Qe 5 a5 adyl clale 15
YA+ 400 Sl eles gloj Gal3al b bon Gial381 oSS
Vod ode She gsr Iy Shie Rl losly @dds
Sae Oloj Olyis 4 by Yo ol cplpl 09 Jol 4y
Jols 4 i85 VAL > il STy b a8 S e > s
@ D9 08 Jlee Cla Glie loj cnl g e
olshy ¥ a4 Ve SIpH il L as 58 jasuie fuioes
w)S > aige PH plsie 0 ¥ PH 5wl o (]38
S (F) il PH » Glo plosily cpjidey (g2
g b Ol Gl bS] s (Bl L e en

1FAY Ol /90 ol S Jlu/ candlw pls Olisised dloxo

Yoy



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

OHKed g Sl s

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Machado F M, Fernando M Machado, Carlos P Bergmann, Thais H M Fernandes, Eder C Lima,
Betina Royer, et al. Adsorption of Reactive Red M-2BE dye from water solutions by multi-walled
carbon nanotubes and activated carbon, Journal of Hazardous Materials 2011;192: 1122- 31.

Wu. C H. Adsorption of reactive dye onto carbon nanotubes: Equilibrium, Kkinetics and
thermodynamics, Journal of Hazardous Materials 2007; 144: 93-100.

Qu S, Huang F, Yu SN, Chen G, Kong JL. Magnetic removal of dyes from aqueous solution using
multi-walled carbon nanotubes filled with Fe,O3 particles. Journal of Hazardous Materials 2008;
160(2-3) :643-7.

Rasoulifard M.H, Taheri Qazvini N, Farhangnia E, Heidari A, Doust Mohamadi S. M. M. Removal
of direct Yellow 9 and Reactive Orange 122 from contaminated water using Chitosan as a Polymeric
Bioadsorbent by Adsorption Process. Journal of Color Science and Technology 2010: 17- 23.
Ghaneian M T, Ghanizadeh G, Gholami M, Ghaderinasab F. Application of Eggshell as a Natural
Sorbent for the Removal of Reactive Red 123 Dye from Synthetic Textile Wastewater, Zahedan
Journal of Research in Medical Sciences ( Tabib-E-Shargh) 2010;11(4): 25-34.

Gong J L, Wang B, Zeng G M, Yang C P, Niu C G, Niu Q Y, Zhou W G, Liang Y. Removal of
cationic dyes from aqueous solution using magnetic multi-wall carbon nanotube nanocomposite as
adsorbent. Journal of Hazardous Materials;164(2): 1517-22.

Madrakian T, Afkhami A, Ahmadi M, Bagheri H. Removal of some cationic dyes from aqueous
solutions using magnetic-modified multi-walled carbon nanotubes, Journal of Hazardous Materials
2011; 196: 109-14.

Xu. S, Ng J, Zhang X, Bai H, Delai Sun D et al. Adsorption and photocatalytic degradation of Acid
Orange 7 over hydrothermally synthesized mesoporous TiO, nanotube, Colloids and Surfaces A:
Physicochem. Eng. Aspects. 2011; 379(1):169-75.

Kuo C Y. Prevenient dye-degradation mechanisms using UV/TiO2/carbon nanotubes process, Journal
of Hazardous Materials 2009; 163(1): 239-44.

Ai. L, Zhang. C, Liao. F, Wang. Y, Li. M, Meng. L, et al. Removal of methylene blue from aqueous
solution with magnetite loaded multi-wall carbon nanotube: Kinetic, isotherm and mechanism
analysis, Journal of Hazardous Materials 2011;198: 282-90.

Mishra A K, Arockiadoss T, Ramaprabhu S. Study of removal of azo dye by functionalized multi
walled carbon nanotubes, Chemical Engineering Journal 2010; 162: 1026-34.

He C, Yu Y, Hu X , Larbot A. Influence of silver doping on the photocatalytic activity of titania
films. Appl Surf Sci 2002; 200(1-4): 239-47.

Ehrampoush MH, Ghanizadeh Gh, Ghaneian MT. Equilibrium and Kinetics study of Reactive Red
123 dye Removal from aqueous solution by Adsorption on Eggshell. Journal Environmental Health
Science Engineering 2011; 8(2): 101-8.

Riaz U, Ashraf SM. Semi-conducting poly (1-naphthylamine) nanotubes: A pH independent
adsorbent of sulphonate dyes. Chemical Engineering Journal 2011; 174(2-3): 546-55.

Crini G. Non-conventional low-cost adsorbents for dye removal: A review. Bioresour. Technol 2006;
97 (9): 1061-85.

Lu C, Chiu H. Adsorption of zinc (II) from water with purified carbon nanotubes. Chemical
Engineering Science 2006; 61(4):1138-45.

Bina B, Amin MM, Rashidi A, Pourzamani H. Benzene and toluene removal by carbon nanotubes
from aqueous solution. Archives of Environmental Protection 2012; 38(1):3-25.

Pourzamani H, Bina B, Rashidi A, Amin M. Performance of raw and regenerated multi-and single-
walled carbon nanotubes in xylene removal from aqueous solutions. International Journal of
Environmental Health Engineering 2012; 1(1):4

Y00 PR bl /53 0 o/ 0 o/ cundhw pli Dlders dloxe



http://www.researchgate.net/profile/Fernando_Machado2
http://www.researchgate.net/profile/Carlos_Bergmann
http://www.researchgate.net/researcher/81134889_Thais_H_M_Fernandes
http://www.researchgate.net/profile/Eder_Lima
http://www.researchgate.net/researcher/39051350_Betina_Royer
http://www.researchgate.net/researcher/14975055_Tatiana_Calvete
http://www.cheric.or.kr/research/tech/periodicals/result.php?jourid=288&seq=795648&item1=authors&key1=Qu%20S&sortby=pubyear
http://www.cheric.or.kr/research/tech/periodicals/result.php?jourid=288&seq=795648&item1=authors&key1=Huang%20F&sortby=pubyear
http://www.cheric.or.kr/research/tech/periodicals/result.php?jourid=288&seq=795648&item1=authors&key1=Yu%20SN&sortby=pubyear
http://www.cheric.or.kr/research/tech/periodicals/result.php?jourid=288&seq=795648&item1=authors&key1=Chen%20G&sortby=pubyear
http://www.cheric.or.kr/research/tech/periodicals/result.php?jourid=288&seq=795648&item1=authors&key1=Kong%20JL&sortby=pubyear
http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

xf\)&)uu\}-)awﬁéud}}ybb‘,ug

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

IFAY Ol /98 o 3lod/ w8 Jlu/ candlw Pl Ol dlxo

Strong K L, Anderson D P, Lafdi K, Kuhn J N. Purification process for single-wall carbon nanotubes,
Carbon 2003; 41:1477-88.

Chang PR, Zheng PW, Liu BX, Anderson DP, Yu JG, Ma XF. Characterization of magnetic soluble
starch-functionalized carbon nanotubes and its application for the adsorption of the dyes. Journal of
Hazardous Materials 2011; 186: 2144-50.

Perez-Aguilar. N.V, Diaz-Flores. P.E, Rangel-Mendez. J.R, The adsorption kinetics of cadmium by
three different types of carbon nanotubes, Journal of Colloid and Interface Science 2011; 364(2):
279-87.

Lu. C, Su. F. Adsorption of natural organic matter by carbon nanotubes, Separation and Purification
Technology 2007; 58:113-21.

Janus M, Kusiak E, Choina J, Ziebro H, Morawski A W. Enhanced adsorption of two azo dyes
produced by carbon modification of TiO2. Desalination 2009; 249(1): 359-63.

Moussavi G, Mahmoudi M. Degradation and biodegradability improvement of the reactive red 198
azo dye using catalytic ozonation with MgO nanocrystals. Chemical Engineering Journal 2009;
152(1): 1-7.

Ling C, Mohamed A, Bahatia S. Photo degradation of methylene blue dye in agueous stream. Journal
of Technology 2004; 40: 91-103.

Chakrabarti S, Dutta B K. Photo catalytic degradation of model textile dyes in wastewater using Zno
as semiconductor catalyst. Journal of Hazardous Materials 2004; 112(3): 269-78.

QU B, Zhou J, Xiang X, Zheng C, Zhao H, Zhou X. Adsorption behavior of Azo Dye C. I. Acid Red
14 in aqueous solution on surface soils. J Env Sci. 2008; 20:704-11.

Crini G, Badot PM. Application of chitosan, a natural aminopolysaccharide, for dye removal from
aqueous solutions by adsorption processes using batch studies: A review of recent literature. Prog.
Polym. Sci 2008; 33: 399-47.

Ehrampoush MH, Mahvi AH, Fallahzadeh H, Moussavi SP. The Evaluation of Efficiency of Multi-
Walled Carbon Nanotubes in Humic Acid Adsorption in Acidic Conditions From Aqueous Solution.
Journal of Toloo-E-Behdasht 2012; 3:79-90.

Samarghandi MR, Noori Sepehr M, Zarrabi M, Norouzi M, Amraie F. Mechanism and Removal
Efficiency of C.I. Acid Blake 1 by Pumice Stone Adsorbent. Iran J Health & Environ. 2011; 3(4):
399-410.

Yao Y, Bing H, Feifei X, Xiaofeng C. Equilibrium and kinetic studies of methyl orange adsorption on
multi-walled carbon nanotubes. Chemical Engineering Journal 2011; 170(1): 82-9.

Yor



http://hsr.mui.ac.ir/article-1-705-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-03 ]

OHKed g Sl s

Application of Single-Walled Carbon Nanotubes in Reactive Red 198 dye
adsorption from aqueous solutions

Mohsen Sadani !, Seyede Parvin Moussavi >, Mohammad Hasan Ehrampoush 2,

Tahere Jasemi Zad *, Sare Rahimi °

Original Article
Abstract

Background: Colors make many problems and these are major sources of environmental pollution.
Therefore, this wastewater should be treated before discharge to environment to reduce the environmental
threats. Adsorption is one of the usual processes for color removal from wastewater. Nanotubes are new
adsorbents with extend application for adsorption of different compounds. Aim of this study was survey
on feasibility of single-walled carbon Nanotubes as adsorbent to reactive red 198 dye adsorption from
aqueous solutions.

Methods: This study was done in a batch reactor. The effects of various parameters such as contact time
mixing intensity, initial dye concentration, pH and single-walled carbon Nanotubes dose on removal of
Reactive Red 198 color was investigated.

Findings: The results showed the optimal time for achieve to maximum adsorption and equilibrium is 3
hours. More increasing in adsorbent dose from 0.1 to 0.9 g, more increasing in dye removal efficiency
from 91.8% to 100%. It was found that the maximum adsorption capacity of reactive red 198 on single-
walled carbon nanotubes was 7.98 mg/gr and it was occurred in acidic condition (pH = 4). Decreasing in
initial dye concentration from 50 to 25 mg/l in pH 4 and during 3 hours can cause increasing in removal
efficiency from 9/96% to 100%.

Conclusion: The results showed reaction kinetic was described by Pseudo-first order equation and
adsorption isotherm was followed both Freundlich and Langmuir isotherm models. Due to the small size,
high surface area, crystalline shape and unique regularity of the network, the reactivity of single-walled
carbon Nanotubes is very high. Single-walled carbon nanotubes have impressive performance as
adsorbents to removal of reactive red dye 198.
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