Journal of North Khorasan University of Medical Sciences
Autumn 2012;4(3):335-346

Hs Sl 5 (S e o> aloms
FYO-FES(MFATAN Sl

olsaghy dts

Sl 9 WO S 158 & ouw w1 041930 W (55 Slasguigil o U8
ST Lo 311A 305 sl Ky S

Foo. F L. g . .. ro. . Y . L) .
d‘)“u."u[.f“[."ijr""ﬁ}“jd‘*e/"‘594/WJ‘4‘2//}?/‘<5'L")GL§)"\:’M‘<_¢°"') Jus dabols (8O0 i doxo

lgal Gleal jelis saum Ko pole duils coiilagy caSails dase Cullagy (ooordils Dliasd aleSy cwdige 05,5 (5 5SS 0)90 (Sl sils’

!
o
lsal eils gaiz Sy psle oltily woiligy sy clase cuiligy sty Sligind alaTs csiipe 85,5 widl culid IS sammtils”

Sl lsal

Al 39 o ol 3 (K pale oltils wotligy oaSiils o sole Sl gire e Cuilagy sikiges 09,5 (5 5SS 0,90 (Ggmils)
ol e s Ky psle oSS (Blagy 0aSiils ayona Cabliy onkign 03, 1) i lS gyt
Lone Cublagy gwdign 09,5 (Ceblage 00SilS Lt (saiz (Sdjypole oSty lyal : Jgtumo o 95
mohammadshirmardi@gmail.com : 5 =S ey

AR ATRVA S-SR VRL LAV VAT SV IRE SATEIA A RN VT

oS>

=

S a0 (K glodsls adss .S o 1,8 ooliiu] 050 (fdliBee milio 0 00,S ob 4 foiao b S, (b g dieo;
0-) ol deuST 0 lpo Lz 0, (slocsssl bawgi I (slolaza jIAcid Red 18) ARIS) 1A jo,5 ol gl Sy S
Gl 0 S yate 3l g9 O Hhie 4 (0xidized multiwall carbon nanotubes) ( MWCNT

Gy gl il ol oole ke o slho PH ipulad 5loj aiile iliie sl ymizo 13l sz axlllas syl 1o )l s, 5 Slgo
b ode gloools .o cl3 agilildF zgo Job 0 UV/Vis jiogidy Sl olCiws jl ooliiwl b ) oilo b Cdilé .0l )y
5 el 5 525 ST 5 el 5D cslo gl ol

PH ilisl b Ll csl Lalisl 5y Gl ladly, wile oole lude 5 olar oy L fi8l b 45 ol ol dalllas ol gl Hldidly
Cond R=+/390) 33305Y prigss I ARI8) 1A 0,8 auul Gy i 0,5 Ly LialS” Giim locly Sy sl il 5 ol
oS, S sl ge b Gl 4 Waise oS ST o)l Wiz (05 gl o L ddlhe Cn gl i Ao
0,5 S8 soldiwl 5,50

] beme s ig il voder oKy 1005 s S s lS s ey

).)Ji».uﬁ |) o.xjﬁ.&i Lglﬁ;.;" 4 oud adss LgLﬁgL.«.g. )| «5“1"“’ é)L.o o oo);'.mf )9Jo 4 (SLgeae LgLﬁuiS)

Sloog S cp et 3l S 95l s, Y] s
‘u*’b Cogd J.,?J.) 4 S A S Gaan LgLﬁ;iS)
Tl mlio 1 il ;oYL b 9 s 2 cD>

sloosygl 3 5 o5 b, ¥lwss o oolixul

5 15 Ol (oo Bbpl (S5 Glp byl slalaul

bl pild s oy mlo e L2l L
4 5, oMol alss WS e 5 eolital 560
2 Jll geos g Lodals cpl YU Caons Jdo
G 1) Gaz e )y O Ca) e
R «52'.-31"3;| ls Grien -%515"


www.SID.ir

Qb\g@h}s}fﬁm

TPV N WY PR PR A SR P POV (S i 4

Bi> 6y wdle Gl 4 oYL ogill SUls CNTs
Yol wls oMol g O 51 Same g JT slaosnsVT glgil
JN[PSPPSC IR SOMCH [T EPVRN I R PORCR N IR R A &
LYa-v¥] 5,8 o,lal b, 5 wlysls (THM) © ol
VA %5053 sl Gl ) Bl (55, p 3l adllas
S Sloss 5l g ol glale 5| (ARIS)
o0 35 yete (O-MWOCNT) "oty 0S| o lgss o>
PH (ol ol anle il slopite 36 .ol
@bl 9,50 S5, adsl cdale 5 Sl oole e« Jolore
9N 9 (omyn Sy90 8 Iz Slapgnl L85 I3
RECCT S JyNEE

BLRE-TY

3545 il e 3,5 — ool asllas 5 anlllae
saSisls LMol 5 Of oisle;l o Atwgol e
i elnl ol SEn sl oKail Sl
alllas cpl 0 colaiwl 050 S lo gl
sloogs gl ol Lasg o)lps wix (LS Cassl
Sy b o glpl el Cans oRangh lawy (oS
odd ol oledbl gb we S gl lile
5 09 g ol ylpl il Cao JKRing) Lawy
YV m/g bl cus 5 4 ONTs ol o6 asSiheglan
2 owiy a4 CONTg ol Jsb g ks .5g VO#« s/my
ol sl il L3 Veum g V=Y nm glaosgase
5 AL S Bi> sl og 420 b iw CNTS
S oS w5 Sl e ST ol e Jbl
¥ SO sl jo Gl Gles jo cels ¥ e 4 00l
oo ol lawg Sdlgpl 3 aw b jgabeé Ve
SIPH ;o a5 (g sbas ol ool gitands [b (i o
Glod o L i cdlice (6 dd 0RO gl
S 98 50 cele Y G @ ol 8 il as o VY-
Lle SO0 auwl b o 0als aai CNTs a0 )8
alo o5 cile a0 VWY sles o cel ¥ Con
(U1 slos 55 a3 am s (WS, 55
YO o 5 ead 55, oad ojiss ol b bylse oyl

4 . trihalomethanes

5.Acid Red 18

6. Oxidized multiwall carbon nanotubes
7 .reflux

o sl cplple JFX] siab o 1y i
bee 4 455 5l L3 oS s ol diejls S5 (59l
el pl pogdle 0] wed aiar cuslio U3y, S L
Sy G g Caileys (5T cel LSS, Gl
(Ogmlige) (2l Gz 5 Ol S92 Oeizeed (Wigd oo
Slobg, e 51 LIVE] 0 o s apyladl jo 1,
9 Silep man Gy @ Olies S5, B> (sl 252 9e
slooanl B wid i HeewlensT olisl (gile (o
Gkl g (e 032 (ol g g bt (oSS
B bl ba g, ol SIAINS e o8 o lal slad
Sz oy 5 IS alope sloanie 5 culeo Ly
Gauie s pihe Qi G, Wb (Selite
pae g odbe g plol gpal, (2Ll (Sole
Slp Al 5 g aLTE S e Slge 4 sl
i Sdx gy pl pedle sl SL dha
3 48 dled 0 Vbl S b Oliy S Wil oo
3oz 3l gla ol 5 o) wiile (5 pa0 Slge Sy
oS Jed 5l ssaxie slaosls Sl VY-AD sl
wiwg Sl [VF] Sas A st [iv] s
s W] s w5 VE] LS L ey V0] mp
i 8,90 BB 5l K, i ol VA L5908
docilr b olge cnl o 5l ol 28,5 )18 (ralesT
S URS Gl @i Gapenla S S
S5 DAl TSl s TS wilbes daee S
69 B> gl o)lend Wiz cu)S sl Cauigil a5 Wols
@ arg b W ases Jub n)S5 5l 555 eS|
Slee 4 (CNTs) "on S Glowss ol byl aslllas
@ ) e 5l Gl Ay waz g g slocil>
b ez ge slaas¥ slawi b gllas .l 05,5 > 04>
S5 ()5 lacgs g (S atws g0 4 005 slocgs
G peed 0)lp20 Wiz ()5 lacgs gb g o)lns
o9 gl Colas wile oo Fhy 4 425 b Wsdi s
3% 4 yarie JB g5 Ll (S5 ol YL b
wrg b Sl colas g WU Sle plSouial

1. Long
2. Yang
3 .carbon nanotubes


www.SID.ir

FIVIFAYRY Sl

ot Ol 5 Sy g5k ol8Cls alone

ol il osle e 1 el sl 8,5 1
6 G s aS eI8 y IF Y)Y Qi ) Ll
PH 9A 508 sl 5, Jsloxo ) ilihe slaclale
adgl CLale 31 )y g anlllas gl oo aBlol Y sgas
Jsbe 51 Veeml Cis anlp 9, » ARIS K,
Voo 5 VO B Y0) Cslite K, slackile L S,
YL oply PH lade 5o w05 ags (il jo 05 (o
03938l XK, sl Jolore 4y L3> ools 3l Sglaie polas
50,5 5 aslllas 550 S5, adl cdale b ws
sladslne Sl oile silobx sy Jol le bl
Voo aeay g Feeerpm o0 o bl b Joloe cnl (S,
S99 Jle ylad b (Blo I s oD Gody yUle adds
ARI8 5, suile 3l clale .wias ools jsee +/YOUM
perkin-) UV/Vis jiegi8g i8Sl olfiws 3l oolaxwl b
w3z zse Jsb xSl o (Elmer, Lambda25,USA
Sl i85 i 9,90 9 <83 OeFIM L plp
toboy ) oad Li K5, e « K5, Bl wsys [YF
by & @emg/e) Jols ol 55 5 (@ mg/e)
DS Ao 5 SYolee 5l oolazul

M aoles
Koy s da gy = —(C’gCE) x100

o0

D) doleo
_ (Co _Ct)XV
q, M
(C,-C)xV
qe = M (V) dolas

chl iy 4 mgl) Cog Co o¥olao ol 4o oS
WK A\ 9 Mbsa uoL> oole )9 )szbo (g) o>
20 st ey o S, Sl CrJsbone (L)
B uol> $9y ¥ R g_)~.\> g_ii) )Lﬁu (mg/g) YW
ey 5l gl el g a8 g o loged gy g

2% eolew! Microsoft office excel 2007

a5 Sy b yols gt anl)d g ol ools Hee 149,500
aaldl ais csalice (6 i odimd giiwd ol pH o
Sae 4y 05 il a0 VY e gleo jo ol o g ecdly
plsil sly ol 5l g we S Sas 8 0 celn YYF
1) los S gsl> oS LSS, b eolizal oliyles]
ol atlin g5, S, Glae 4 o (N=N-
09,5 o (AR18) VA 30,8 sl a5 Llxil o
Sledl &8 5 5l g s, 5 Obsl andllas ol sl o)ls g5
Sdn Ahal e g w5l (Olrl laes) Sl
95 F5990 039 clond Jgap S8 )15 oslinl 090
@A e sl )l @i gae Job Sl
nm g4 2 ¥IYY g/mol ‘C20H11N2Na301083 ()
J> 5 005 @s Gk il Seral Jslre ol e 047
shie O 0 NVA 505 sl S5 55 0590 polia (yoges
LgLa:‘_blm cola ‘51).3 ‘59*'*“ J9J.>u u;‘ )1 A oole]
ol ol b eslitul S, dilie okl | K,
3,3 UVIVES regidg Sl olfiws bwg o Joloa
Glr Oal S S Ol CSlE ) a8
2l 008 oy Slinlesl 51 G 0 5y cdale s
weels s axdllae ol jo colaiwl 5)90 (olonds Slge

g alBisle;l
o)) 5l ookl b 5 ata bame o i Slioles]
‘;.yc\" 6556,@@\‘& > A ddws O
oBws jo eyl cpl ol bl 0g (S Jeloee ]
LYl \YOrpm g0 j0 5 Sad eols l,8 \Q}o.ﬁ
5 oolizal b S5, claslre asl pH Cé,5 &9
asllos ol jo ol adas Jls Y NaOH 4 HCL
oole e «Jslme PH «poles 5loj aiile oo jzal s
L o5 8 swin oy S5, adyl clale 5 Q>
Jolze Voeml 4 O-MWCWT 51 o3 «/-¥ 0458
oz oles pley b Sglite 4yl glacdile b (S,
VO Fe O 00 D) pakie Sloy olsd s ol
sdslme ol 5l (TFe AL OBe AY- -0 A
5T ladigas cnl 5 5 Sjpo sylop digel (S,
Sy ode anld 6y, 2 PH 5l ems 6lp oaiad
IR O (q 9 Y b X )pH )| ‘Sal,:u Lngogm

1 .shaker


www.SID.ir

Q‘)&“A)L§3j‘):‘:")‘w

s ok A:mflo)leJ.a-&;u}gyL;j)\fY‘Y‘A

B> g5, » Jobme PH 36 :Jglxe pH 5T
b polie glp O-MWOCNT Lil> Lwg ARIS
5o ol asdllae 5 ow,p SO, iz glacdale ;o pH
ol oo g olad loj codle oolo e cliglejl o
d e Ver oS o F g alagl polie g og
69, 2 PH 556 09 0,5 c6le 4> 0 YO 4 aids VO
Sl oads ool led ¥ G 0 ARIS L
oleaily canl oals ooy Hlas ¥ ISE jo 4 jgbyles
YIpH o5 by K sladale dan ol SO, B>

<8l Gl 4

assly
S5y S gy 2 Sl ooy b ol ploy il
&y O-MWCNT Lwg (ARLI8) YA 0,8 ol
Sl 0als ool lid )V ISS j0 Ky calize slacdale
0- (55, » ol @i Ky ke Jolas (jlej alidl L
el sl 00,8 oy Gl by 2,0 MWCNT
S lanl ol o ARI18 Li> e lis

Oley 5o ole 50 5 Wb SR e Sl @
--X~U)Lsﬂ gJQL&S L 4i;5§¢ O Sgd=>

7 Bas slewl,

——25mg/l  —m—E0mg/

——75mg/l  —m—10Dmg/

Rk
[
A o
¥
P
be
—a
Fo
o
Yoo

VA L Y0 oo

(anBo) olej

slacdile 13 0-MWOCNT Lwg AR18 K5, i p oles oyloy 3l 1) S
(PH=0 Y0 °C oo oo )5 +/+¥ L3l oole oo shayl 1) S, calisro

[ Bis oyleadl,
%

——25mg/L.  —E—50mg/L

SN

—a—75mg/lL  —e—100mg/L

pH

Glise glaclile ;5 0-MWONT Luwg ARIS 5, i 5 pH Ll oY JsCi
(Ya OC Loo «‘n; ‘/‘f uob oole )Lx‘d.c Ja.alj...u) ;ij)


www.SID.ir

FTAr)FATaN Sl

o Ol = (S5, p sk oK1 s

5 Bio plesly oy Bl Il o S 4 oS
2,5 o ol sy A 4 as 0 VY

Ky adgl clale 5bF USs 1y aldgl cdake 5T
0O-MWONT Lng 5, Bi> oleil, g5, »» ARIS
L a5 <dlys Gl S8 ool 5l wese plas
S, B oleal, wope K, adyl cdale gl
@ odd i K5 (oaBly e a5 Wiz pa Wl oo S
Sy adgl cdale 201331 L o-MWOCNT p,> sl ;)
YO 5l 5, adsl clale a5 jebiles il il
S8l Gl 2 g e S e Ve e S e
2,5 g rals asye Ve 449 5l Bas leaily vy
3 dels a0 ouls Qi ARIS e a5” Jb> o
Slasles] cpl jo cdlb Lol VY8 mg/g « FY mg/g
g ol g o5 /0 F dgam LIl oolo e

4 PH a5 ol cplosms olas cpl as o8 lag uals
cov Logas i) B> a0y 55, » 475 JB sk
cdly 18 4T I PH &5 ey 2l 5 05 e YD
Aoy 00 4wy A 5 ARI X5, i el
&l asse PH Ol 4 pH =Y (plnly 05 oy lals
Sy 2 ol o3l Jlaie 3l 103l solo Hlade pil
S 238,8 allls 5 oot B0 05 e Vo 5 VD
0- Llade 3l b gleea 1) SO Bd> ¥ o)l
Sl ¥ USs o a5 jebles aes o Lis MWCNT
» ‘n;‘}m YO ;ii) 4....|5| clale LQ‘)‘:‘ Gl o0l oolo
+[+Y 51 (0-MWENT) Ll oole lade a5 Sloj d

.ﬁ‘\

3

) ..

A

)

~ R
Y.

—+—25mg/lL —m-50mg/L ——75mg/L —e—100mg/L

B e

(2l 0 050 ol ooke

¥ "o L I

;3 0-MWOCNT Liug ARI8 5, i wdls sole e 36 0¥ S5
(PH= Y Y0°C Lo :dal 1) S5, calizes slacdale


www.SID.ir

Q‘)&mﬁ}é}fﬁm

...A:vo-l.::w‘o)‘xb%g;g};};u:ﬂ)\f"‘f'

—4—0.2g/L —8=0/3/L —a—0.6g/L

Y. ER

mg/L .« &) oyl cdale

0-MWOCNT kg ARI8 5, ix 5 5, adgl cale 560 i
Los op 8 o+ Ll ool jlado tdayl i) LAl oole calire polie jo

(pH=Y «vo°C

B5 il 4 oads Wi 5, e Qe SY¥sles ol o a5

» X, ol bkt Ce «(mg/g) o-MWCNTs

Cadyk Gm (L/mME) 535055Y ol K (mg/L) Jsloe

Ce Jlie 5 Co/qe sy b 0 Woben o IS5 5l Qs

g o dpuline

@75 Wslee S gdaig b pgnl ipaldig S pyigpl

LY vyl ogs oo ol 5 &5 90 0 g dg 8

q. =k;C" ®) asles

sl 15 g0 i b Alsles s S

) aJolas
logq =1 + 1

0gq =log(k ;) W log(C))

Gl ends i K, Jlade ge Yoleo ol yo aS

Jole ;0 ARI8 clale Ce «(mg/g) wdl> o> axl

et Ny Kp (mg/l) cul Jobs o> 4o

Ce blie 10 e (oo, Jlogas 31 g aiindr Q3> Qi

g oo domloe

Sl Pl Ly iz lap sl i0de Glap gy
L 4682 onigd i oole 4S5 0iS o (attin g Sliwd
Grosin sl Lolul 5 was oo las Jlaiil 5 s w3l
Bl 5By mle 5B e Dz sla sSUse aigSy asy
Pl Al 4y Qdz anld a5 Gl Wsde @9
B I S R
DA V] seo e b4 i ptegw b
oy lp (0SeS g gligd eV lapSgnl
0-MWCNT Ly ol slolaxe 5] ARIS Cis
o oolaul

(PR n eSSy i pignl eSSy p g
3 dslowe ool Qi Gl &S cwl Qds ey
2 e pygnl ol el oals colainl o slalass
ORed LSl b 03l Sy 65y 2 Y SO i (558
b syl Bld 4 5 LSl @l sl dore den a5 ol
dolre bawgs slusl Y 5 Cio [0l axs ply on

D9bio Ol 2
q =—quCe (F) dJoles
° 1+KC,
el 25 Dyp0 ) 2oV Aolas (S S5
c, 1 C,
=——+ ©) dsles

q. Kq, 4q,


www.SID.ir

FEVFAYA Sl ot Ol 5 Sy g5k ol8Cls alone

$ipl A b by 5 (LiME) el Jolss sy S Jels [9eol S pisn) oSl p g3l
Gl cusl Diz gl b e By csl gy —o3lr G oYl g eb bu e a5 ol 5,551
33 e s Tows 5l o g s 5By, k) psy 4 Sl dolas amd e L3 Jlaine | edigd Ldo
won sl gl sl anl e cussy LnCe Ll ol 1 O )50
pronl o b JK& 5TV yo ead S lag Sl q, =B, In(k,C,) (A) ol
Sloyelly wad anile ) il glacdile ol n Dydin Ol pj Sope 4 (Sl p gl (e S8
Vodsazr 5o gl (Stes culid g pyisnl 4w e q, =B/ Ink,+ B, InC, Q) aoles
pgeSY slop Sgpl O ojled JSi el odd 03,4l ol 35 coli R s ool ki sBi=RT/b a5

D23 o0 LS ARIS S5, (sl 1y (Sl g doig B e ke ol Gllae sles T(K) 5 (AYY j/mol k)

Sl g gl s geSY (slap gl sla el )b ) Jgu

Lo el Pzl Joo

\EY qm (mg/g) Y,
|I¥ k (L/mg)
NLEYS R’

FV/- A Kr (mg/g (L/mg)1/n) EARGYE
¥IEA n
VS R’

Va/ay B Sl
Y/4 ki

./ava R’



www.SID.ir

Qb&a&}é}fﬁm ---‘Y’-‘L:'4:*“;‘5)‘}{_5"\;’:@;%{};};U§,ﬂ)l§r$v

.
P
oF
=
& T
o]
W
-
T T
. e ¥ ¥ I} e \g A
Ce(mg/L)
"o
| _/
. [
=
1]
=]
- Vo
oh
T
WY -\ Y . ) \ AR Y
LogC,
\Fooo
+
Voo
VYoo
B Voo o +
g v
S
- [
FooA
+ Yo o
T T T
_r -y - . \ Y ¥ ¥ b
InC,

B3> (sl eSS 5 g8 5o SSY slap gl Jloges 1 S5
oo Ve 5 ) VO B YD ) - S, clale a2y ARIB S5,
ooy ormd o Voo o psF /o ¥ il anle e 2 psS
(colu YF b

WWW.SID.ir


www.SID.ir

FRF(FATAN Sl

ot Ol 5 Sy g5k ol8Cls alone

age PH jladie 85 ol YoV o Jlo j0 51 (o5,
4 5551y o g SIS peaditas 108 SO SS) Bl (s
OSas 5 el izped 03 0 5 ¥ Ll i
SN i sl 55 Bl iSlas wisls i 55 [¥Y]
ke 3N Soookél gl Yoo pH
W3l osle e iz anlp p NS 8T sl
il sole Jlade mlidl b oasdllas ol e ail e
i leaily yud Le Ver 008 /o F 4 pS ¢/ Y
5 Bds plesily weye ol cal el S,
Sgu oo dpgi asS | LI oole lade yiol3dl ases
& i g Colas (0il> esle jlade Ll b aS
IRl 4 e O3 mhaw I ol oS Sl 392
2 elie w0l w0 F e ) Bis e,
a5 YAl ) 5en g ogmel ol o il (L3 ladllas
WY 508 55T, S5y Bdo lp g alwg
S EST Jlade 2l L as wis S slpiiy w58 solial
ialigl cnl Ll Wb oo il san¥T G T Jsle
axly gyl ol Lix K5y ialS 4 e BSlude
Slr oemes bt @l 25300 (Q) 3 pyx
OSas 5 Tlod (g 5ol Loy s €15 agen gy
SilaS Il 5l oud ans Jld oS sl g lal
cble as Jol> [F2] e 5 % lesS Litin bawes
$9) 2 Nlgee &5 Sl olayite Bl 08 (ST,
adol clale gl b oasl SISy Bae anls
S il als Ll g S, Bl bl S5,
sl s slsl s 4 Gas bl mals o
Lol S, VL gl )3 il a9, 2 B
4 oad S S5y Mae I, YL slacdale o Ll
Rl Gl &S 2l 8l (@) Q3 ey 0ol ()]
AV lacdale ol Moy G 3 I e 4y
Ol b Slalllas o elive mbs [FV] el K5,
(R?) Sivod s bl 5 Ive ] el ons
&3y » ARI8 Gl o5 ol (g 5 dls (V Jgu)

2 .Sivaraj

3.Egg shell
4.Eder C Lima
5. Senthilkumaar
6 .driving force

= .
L 5, Bi> slensl, a5 o9 e oamlie VS o
ARI8 5, slackile acn sl ooles oloy Ll
adgl cdale wao oo plis Sloslin cpl o) lag il
Pl Al Gae; lp oY 0l 69y 2 S
adl ol o Vb 5 g iz Glie 205 3B
da 55 et 5 oo S35 Jebs 4 Yoo
EJISEY )910 L LﬁJ:u u.)‘ QLA)‘ CdS b el L3>
23> Ol g 008 (o0 JUSI K5, slasSse Lawss
Sl s 4 ooy G S e a5 S
Sladre Jusl S5, SladsSlse o asils slagy
o IV se Fle JSie jlas J snile BL
Juo o [f]l o Ken 5 298 Lawgs a5 (glasllas
51 oolazwl LIVA 50 8 sl S5, Ba> (g9, o YoV
ERCY ;4.9; rnL?u‘ P 9> )| [ RW Ly JL&B UJ;
ey ol 45 ad B VY loj y0 VA 30,8 anl K5,
5o IY¥L isen 5 (5l st Lawgs 457 (6,50 aalllas )
LgLﬁ.la,;u )| 9l) ul.a.uc ;ij) B> K9y » YoV JL..;
plsil ol wiz )8 slowgs $b 5l eolawl L ]
Al ol aada VY. (K, Bl gl Jol leg cas
PR eS1, S5y Bds gl Jols ey e 5 (Sl
V0« 1) Laagll b 5l solinal b o] sladawme 51 VY-
PR ARSI 8 | ) I e
Joloee PH el Jl35 31 S5, slasSse i 59, 2
s )L‘» 6|)|o @1 6[@J9lm S ARI18 ;ij) ML’LS"
GZEM )Lg 6‘)“5 QT RS 6‘):‘ solawl Sy90 Lg[:o;.;él?
Selials 1S e ol balps [F] sl ot
& 0-MWOCNT Lil> s (ARI8) ssl 5, o
b cns oo Ll 1) cal cote o b slls Lo
b b gladee shas (b Lulye) pH lde 2l
shasi g wbge JRlS D3> mhae gy p ke
Se3 ol 45 WS el il shie b L sla e
solie s Y8 Y0] 055 0 ) Bi> alS o
3 Jie jsb 4 as cl ead plbl Sldlas s o
B> 55, 2 [Y] Len 5 't Lavgs a5 (glasdllas

1. Mishra


www.SID.ir

Qb\gmhjhs:f):.@m

ety ki LS o)l g5 K ST o $U 5, SYFF

G A
SN a8 sl Sy Bl ates by, eslanal b
odd SeuSTo)lgn0 aiz ()5 Csisil bawgi o lae
PH (iles ooy asile glo i il 228 plox
AD sy S5y adg clale 5 Q3L oole e o Jsle
Ayl slacble aan gly ol ol adlas ol ls
Sy JOU 4 aBE0 V00 plo o ol anlp K,
L ad owalie PHY o 5, Gl slenil, gSTas
Sl pleasly Jekxe pH g S5, adgl cdale i3l
proxl WA ed sl S5, Bde il alS

References

1. Yao Y, Xu F, Chen M, Xu Z, Zhu Z,
Adsorption behavior of methylene blue on
carbon  nanotubes, Bioresour  Technol
2010;101(9):3040-3046.

2. Mishra AK, Arockiadoss T, Ramaprabhu S,
Study of removal of azo dye by functionalized
multi walled carbon nanotubes, Chem Eng J
2010;162(3):1026-1034.

3. Shirmardi M, Mesdaghinia A, Mahvi AH,
Nasseri S, Nabizadeh R, Kinetics and
Equilibrium Studies on Adsorption of Acid
Red 18 (Azo-Dye) Using Multiwall Carbon
Nanotubes (MWCNTs) from. Aqueous
Solution, E-Journal of Chemistry
2012;9(4):2371-2383[Persian]

4. Shokoohi R, Vatanpoor V, Zarrabi M,
Vatani A, Adsorption of Acid Red 18 (AR18)
by Activated Carbon from Poplar Wood- a
Kinetic and ~Equilibrium study, E J Chem
2010;7(1): 65-72[Persian]

5. Kuo C-Y, WuC-H, Wu J-Y, Adsorption of
direct dyes from aqueous solutions by carbon
nanotubes: Determination of equilibrium,
kinetics and thermodynamics parameters, J
Colloid Interface Sci 2008;327(2):308-315.

6. Royer B, Cardoso NF, Lima EC, Vaghetti
JCP, Simon NM, Calvete T, <et al”,
Applications of Brazilian pine-fruit shell in
natural and carbonized forms as adsorbents to
removal of methylene blue from aqueous
solutions: Kinetic and equilibrium study , J
Hazard Mater 2009;164:1213—-1222.

7. Brookstein DS, Factors associated with
textile pattern dermatitis caused by contact
allergy to dyes, finishes, foams and

1-Annadurai

S 5500 pysnl 90 b awlis 5 -MWCNT
S odr Kbl oS WS (e Cons 2oV 5]
prgn! 3load aule Qi cod)b Sl Ll 4y
a5 ool pF a8 e VPV sgum saSSY
$58 08555 8 5551, ) Bde (55, 0ol bl
wylps w8 o ol lws ( MX-5B

Al g 08 o0 Caad paaSSY e g5l 5l K, Sde

BID o 55, o] Bds gl oud sl Wi codyls

5 ' 6heoll cizmen VY] 5o FYAY L .l pH-
olews Jgilas, S5, i a5 wsls i 155 [$Y] o) Ken

i Sl b peeSi¥ipssnl 5l plhgtS bawg WY

REC WS Y SRS SRRLETA
preservatives, Dermatol Clin 2009;27:309-
322.

8. Amin NK, Remoyal of direct blue-106 dye
from aqueous solution using new activated
carbons developed from pomegranate peel:
Adsorption equilibrium and kinetics, J Hazard
Mater 2009;165(1-3):52-62.

9. Iram M, Guo C, Guan Y, Ishfaq A, Liu H,
Adsorption and magnetic removal of neutral
red dye from aqueous solution using Fe304
hollow  nanospheres, JHazard  Mater
2010;181(1-3):1039-1050.

10.Moussavi G, Mahmoudi M, Removal of
azo and anthraquinone reactive dyes from
industrial wastewaters using MgO
nanoparticles, J Hazard Mater 2009;168(2-
3):806-812[Persian]

11.Mahvi AH, Ghanbarian M, Nasseri S,
Khairi A, Mineralization and discoloration of
textile wastewater by TiO2 nanoparticles ,
Desalination 2009;239(1-3):309-316[Persian]
12.Jeni J, Kanmani S, solar nanophotocatalytic
decolorization of reactive dyes using titanium
dioxide, Iran J Environ Health Sci Eng
2011;8(1):15-24. .

13.Gémez V, Larrechi MS, Callao MP,
Kinetic and adsorption study of acid dye
removal using activated carbon, Chemosphere
2007;69(7):1151-1158.

14.Mall ID, Srivastava VC, Agarwal NK,
Mishra IM, Adsorptive removal of malachite
green dye from aqueous solution by bagasse
fly ash and activated carbon-kinetic study and
equilibrium isotherm analyses, Colloids and
Surfaces A: Physicochemical and Engineering
Aspects 2005;264(1-3):17-28.


www.SID.ir

YOO Sl

ot Ol 5 Sy g5k ol8Cls alone

15.Mane VS, Deo Mall I, Chandra Srivastava
V, Kinetic and equilibrium isotherm studies for
the adsorptive removal of Brilliant Green dye
from aqueous solution by rice husk ash, J
EnvironManage 2007;84(4):390-400.

16.Vieira AP, Santana SAA, Bezerra CWB,
Silva HAS, Chaves JAP, Melo JCP, “ct al”,
Removal of textile dyes from aqueous solution
by babassu coconut epicarp (Orbignya
speciosa), Chem Eng J,In Press, Corrected
Proof.

17.Gao B-Y, Yue Q-Y, Wang Y, Zhou W-Z,
Color  removal from dye-containing
wastewater by magnesium chloride, J Environ
Manage 2007;82(2):167-172.
18.Momenzadeh H, Tehrani-Bagha AR,
Khosravi A, Gharanjig K, Holmberg K,
Reactive dye removal from wastewater using a
chitosan nanodispersion, Desalination
2011;271(1-3):225-230[Persian]

19.Long RQ, Yang RT, Carbon nanotubes as
superior sorbent for dioxin removal , J] Am
Chem Soc 2001;123:2058-2059.

20.Chen G-C, Shan X-Q, Zhou Y-Q, Shen X-
e, Huang H-L, Khan SU, Adsorption kinetics,
isotherms and thermodynamics of atrazine on
surface  oxidized  multiwalled  carbon
nanotubes, J Hazard Mater  2009;169(1-
3):912-918.

21.Gong J-L, Wang B, Zeng G-M, Yang C-P,
Niu C-G, Niu Q-Y,© et al”, Removal of
cationic dyes from aqueous solution using
magnetic  multi-wall  carbon. nanotube
nanocomposite as adsorbent, ] Hazard Mater
2009;164(2-3):1517-1522.

22.Wu C-H, Adsorption of reactive dye onto
carbon nanotubes: Equilibrium, kinetics and
thermodynamics, J Hazard Mater 2007;144(1-
2):93-100.

23.23. Li Y-H, Wang S, Zhang X, Wei J, Xu
C, Luan Z, “et al”, Adsorption of fluoride from
water by aligned carbon nanotubes, Mater Res
Bull 2003;38(3):469-476.

24.Peng X, Luan Z, Di Z, Zhang Z, Zhu C,
Carbon nanotubes-iron oxides magnetic
composites as adsorbent for removal of Pb(II)
and Cu(Il) from water Carbon 2005 43:880—
883.

25.Di Z-C, Ding J, Peng X-J, Li Y-H, Luan Z-
K, Liang J, Chromium adsorption by aligned
carbon nanotubes supported ceria

nanoparticles, Chemosphere 2006;62(5):861-
865.

26.K. Barbusinski, Majewski J, Discoloration
of Azo Dye Acid Red 18 by Fenton Reagent in
the Presence of Iron Powder, Polish Journal of
Environmental Studies 2003;12(2):151-155.
27.Mahmoodi NM, Hayati B, Arami M,
Kinetic, equilibrium and thermodynamic
studies of ternary system dye removal using a
biopolymer, Ind Crop Prod 2012;35(1):295-
301[Persian]

28.Mahmoodi NM, Hayati B, Arami M, Lan
C, Adsorption of textile dyes on Pine Cone
from colored wastewater: Kinetic, equilibrium
and thermodynamic studies, Desalination
2011;268(1-3):117-125[Persian]

29.Tan IAW, Ahmad AL, Hameed BH,
Adsorption -of basic dye on high-surface-area
activated carbon prepared from coconut husk:
Equilibrium,  kinetic and thermodynamic
studies , J] Hazard Mater 2008;154(1-3):337-
346.

30:Han R, Han P, Cai Z, Zhao Z, Tang M,
Kinetics and isotherms of Neutral Red
adsorption on peanut husk, J Environ Sci
2008;20(9):1035-1041.

31.Luo P, Zhao Y, Zhang B, Liu J, Yang Y,
Liu J, Study on the adsorption of Neutral Red
from aqueous solution onto halloysite
nanotubes, Water Res 2010;44(5):1489-1497.
32.Mohamed M, Ouki SK, Kinetic and
Removal Mechanisms of Ethylbenzene from
Contaminated Solutions by Chitin and
Chitosan, Water Air Soil Pollut
2011;220:131-140.

33.Shahryari Z, Goharrizi AS, Azadi M,
Experimental study of Methylene Blue
adsorption from aqueous solutions onto carbon
nano tubes, Int J Water Res Environ Eng
2010;2(2):16-28[Persian]

34 K. Nadafi, M. Vosoughi, A. Asadi, M.
Omidvar Borna, Shirmardi M, Reactive Red
120 dye Removal from aqueous solution by
adsorption on nano-alumina, journal of water
chemistry and technology 2012;in press.
35.Yao Y, Bing H, Feifei X, Xiaofeng C,
Equilibrium and kinetic studies of methyl
orange adsorption on multiwalled carbon
nanotubes, Chem Eng J 2011;170(1):82-89.
36.Machado FM, Bergmann CP, Fernandes
THM, Lima EC, Royer B, Calvete T, “et al”,
Adsorption of Reactive Red M-2BE dye from
water solutions by multi-walled carbon


www.SID.ir

Qb\gmhjhs:f):.@m

ety odd LSl o)l g5 L ST e 8L 5, SYFR

nanotubes and activated carbon, J Hazard
Mater 2011;192(3):1122-1131.

37.Sivaraj R, Namasivayam C, Kadirvelu K,
Orange peel as an adsorbent in the removal of
Acid violet 17 (acid dye) from aqueous
solutions, Waste Management 2001;21:105-
110.

38.Ehrampoush MH, Ghanizadeh G, Ghaneian
MT, Equilibrium and kinetics study of
Reactive Red 123 dye removal from aqueous
solution by adsorption on eggshell, Iran J
Environ Health Sci Eng 2011;8(2):101-
108[Persian|

39.Lima EC, Royer B, Vaghetti JCP, Simon
NM, da Cunha BM, Pavan FA, <“et al”,
Application of Brazilian pine-fruit shell as a
biosorbent to removal of reactive red 194
textile dye from aqueous solution: Kinetics and

equilibrium  study, J Hazard Mater
2008;155(3):536-550.

40.Senthilkumaar S, Kalaamani P, Porkodi K,
Varadarajan PR, Subburaam CV, Adsorption
of dissolved Reactive red dye from aqueous
phase onto activated carbon prepared from
agricultural ~ waste, Bioresour = Technol
2006;97(14):1618-1625.

41.Bhattacharyya KG, Sharma A, Kinetics and
thermodynamics of Methylene Blue adsorption
on Neem (Azadirachta indica) leaf powder,
Dyes Pigments 2005;65(1):51-59.

42 Annadurai G, Ling LY, Lee J-F,
Adsorption of reactive-dye from an aqueous
solution by chitosan: isotherm, kinetic and
thermodynamic analysis, Journal of Hazardous
Materials 2008;152(1):337-346.


www.SID.ir

Journal of North Khorasan University of Medical Sciences

Original Article

Application of oxidized multiwall carbon nanotubes as a novel
adsorbent for removal of Acid Red 18 dye

from aqueous solution

Shirmardi M', Khodarahmi F°, Heidari Farsani M’, Naeimabadi A’, Vosughi Niri M", Jafari J'

"PH.D student in Environmental Health Engineering , Member of student Research Committee, Faculty of
Public Health, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

2M.Sc in Environmental Health Engineering , Member of student Research Committee, Faculty of Public Health,
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.

*faculty member in Environmental Health, Faculty of Public Health, North Khorasan University of Medical

Sciences, Bojnourd, Iran

*M.Sc in Environmental Health Engineering, Faculty of Public Health, Tehran University of Medical Sciences,

Tehran, Iran.

*Corresponding Author:
Ahvaz, Ahvaz  Jundishapur
University of Medical Sciences,
Faculty of Public Health,
department of Environmental
Health Engineering.

Email:
mohammadshirmardi@gmail.c
om

Submitted:13 Sep 2012
Revised:6 Nov 2012
Accepted:27 Nov 2012

Abstract

Background & objectives: Synthetic dyes are widely used in
various industries. Discharging waste water containing dyes
causes serious environmental problems because of its high
toxicity and possible accumulation in the environment. The
present work focuses onremoval of anionic dye (Acid Red 18) by
oxidized multiwall carbon nanotubes (o-MWCNT) from aqueous
solution.

Materials & Methods: In this experimental study the effect of
various. parameters such as contact time, solution pH, adsorbent
dosage and initial dye concentration were studied. The final dye
concentration was read by UV-Vis spectroscopy at maximum
wavelength 506 nm. Adsorption data were analyzed using
Langmuir, Freundlich and Temkin adsorption isotherms.

Results: the results of this study showed that, by increasing
contact time and adsorbent dosage dye removal percentage
increases but by increasing solution pH and initial dye
concentration dye removal percentage decrease. The adsorption
of Acid Red 18 dye complies with Langmuir isotherm (R°= 0.995)
model.

Conclusion: The results of this study indicate that oxidized
multiwall carbon nanotubes can be used as an effective
adsorbent for the removal of dyes.

Keywords: Carbon nanotubes, dye, Adsorption, Isotherm,
Aqueous solution
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