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ABSTRACT

Background and Aims: Wastewater treatment and color removal is always one of the most important measures
to control pollution from industrial effluents especially in the textile and dyeing industry. This industry is
one of the largest producers of organic compounds and color. For this reason, their treatment conditions are
complicated and difficult. This study investigates the efficacy of ash produced from walnut shell as a natural
adsorbent in color removal of methylene blue (MB) from aqueous solutions in the experimental condition.
Materials and Methods: At present study, effect of various operating parameters such as pH (2-13), reaction
time (30-250 min), amount of adsorbent dosage (0.2-5 g/I) and initial concentration of dye (25-250 mg/l) on
color removal from synthetic wastewater were studied. Also the adsorption behavior of dyes by isotherms of
Freundlich and Langmuir and synthetic of adsorption were conducted using excel program and regression
coefficient.

Results: Maximum removal efficiency of methylene blue (93.25%) were achieved at optimal pH 10, reaction
time 150 min, adsorbent dosage 3 g/l and initial dye concentration 100 mg/1. Data of this study was fitted with
Langmuir and Freundlich isotherms and more fitted with Freundlich (R=0.8500). Also, kinetic adsorption
study showed that for initial dye concentrations 100, 150 and 200 mg/l, pseudo-second order kinetic is more
favorable (R?>=0.9900).

Conclusion: More than 90% removal efficiency for MB dye showed that this adsorbent is an effective
natural compound and also inexpensive for treatment processes. Hence, using this technique and process was
recommended for dye pollutants removal from aqueous environments.

Key words: Walnut, methylene blue dye, adsorption kinetics, equilibrium isotherm

*Corresponding Author:

Instructor, Health Promotion Research Center, Zahedan University of Medical Sciences, Zahedan, Iran
Fax: +985413425837

Email: h.mansoorian@yahoo.com

Received: 15 Dec. 2013
Accepted: 1 Feb. 2014



o o 5 Cubldg aldad
Cublag 0aSiils o (g doged (K5 psbe oKl
00 b YA Silowio VFAY 550 O ojled ) o5

3955 Cowg) S 51 00liiat b gl cohuio K5 y B> (o Sakian 3 I35 &Y Slan axdliae
Toslphe dheas &g daas 3 S wgd b S (6o e il CTOL ) gt (g R0 e

Olaly (a5 pshe oKl Cotligy 0udSLiils cdams Ctlilgy pkign 038 o0 oD sl Dl S 0

Ol Sy pske s ol e il Jaee ol witige 03,5 Lolial T

Olaly (SCi3y o she o8l ot aSisls casms Sty oikige 03,8 Sbsbial «uodlw sl Sliios S 07
Olaly SCigy o se o2l ool aaSails o smtils ode sletass 55 0 s St dige bl lid)ST

o AS>

oy sxieo Sl 5 Jeol Sla ST S Gl e SLIBE Sl o5l 0n SOy Gl 5 OB dal 138 5 wie)
et 4y 5 ms e JS5 1) (S5 5 JT LS 5 0B eS w5 o 5855 5l (S s ol 350 slete (53,505 5 o bed b
Ol K Olse w538 G Sl edd 4 S LS (G ol 5 G el S 5 e Wl aas Ll 3 s
Al o ALl Ll s o gl sl 5I(MB) Sh e ) Gl s ack

O3l e (aids Yo Y00 ) [iSTs el Ol (V) PH i ahes 51108 50 sla e 3l Gt ol 3 1l higy 5 5l ge
S pmamen 255 15 e 3 e St ML 1S, B o1 s (YO-Y0r mg/l) K5 sl ke 5 (+/Y-0 g/D)
L ls pod s 5 L e3ls 30T .03 S 515 sl s, gl Sl St 5 2580V 5 s b Sles sl bav s LSS, Sl
A il g S5 i 5 JeST a0l 5 eslina L

J.puﬁ;”;v O3l 55 5 ak3a N0 Ol e N ag PH s Jgdows 31 50 e KOy Gl LIS o 5YL tlaaidly
LT s 5 5 oSN Vsl Al Jsla (lap 55l el oy A )3 AY/Y0 550V v Mg/l 1505 lale gl oS A2
Sl it 45 Lsls OLES il (omen (R=1/AD) S o (S5 et b Jobe 5 SlilesT ol & s S ealin 5 a2
(R=+/89) 5,05 g s Ctsllas Yoo 5 VO L\Hmg/l@;l;fj)w.éué\ﬁpzae-ﬁ@id:w

Olgns OF 5 015 o oS 3ls 0lis ol Jases 31 5L ze ) Gl 3 0 g O3l gon 4 31 i oS 1 S e
3 S glaet VT Bl g STl 1 enlind 1 3 ped eslinal i gladiyl 3 )3 Cead 0131 5 e b O3r S
.b:ﬁuﬁb%&Té%u

Jthﬁ)ﬁ‘—g&QW—ﬁw&J—jhﬁwﬁI‘Jbojb-\:ls

2 s 0k 35 o 351
LIl Ol ¢ Olaaly (S ke SR g sl ¢ cdls 2l lidss S e

Email: h.mansoorian@yahoo.com
WAY/AYE tdlie 3l 55 ju b

WAYNNY tdlie (o ds o6



fﬂ/bb\s.o.ﬂ:}&\i)ra# 6}‘"".’

W s s olse

-"j‘

5555 3 8 (ol o b Ol oS s Sl ol 615SS5
ol s HLSG O j3 03 8 b b s g3l Lalls 05
‘-;’.L_A'r:‘)t?"l.\wj‘ﬁ)@%.&ﬁ)‘}bﬁ@‘ﬁ)jﬂ
el ol el esls OLES Y IS 5 Jadr 53 o 5w of
33935 G L 4 OLIT S o 85 51 gl 3l 4o
35 Sll a5 03 S S ) gl 5l dn anllles
Sde 40y 5S 5l S Sl am g Ver gles )5 e 5 0l
cvdufmsb-%)ﬁw|)\w.k&e>b)b5(;&b\‘
S o @l B s eals j g Sr=Ver e Sledd (gs]
S35 (K Sl g 4 g 350 Jols
Qb)bjosjsd}lmjﬁbu\f;\rpwjébjb&h
SIS 518 Sl am s ¥ gles 5o OF ool el
L5JJJ€JJ:‘:3L;\':‘\"r?"'LfQJJ‘)JQL:*iL“).wa-M
Cﬁ?aMwﬁdubwwfbu‘\O'rpmjjbbJ&g
A bl de e e 5l de K gl chle o
oSaos b (6308 Jghoms ol Olsae 5 0305 5 e +/¥0 pm
UV/VIS (Shimadzo-1700,Japan) Jus e g5 oSl
DIVT el s P50 NM iy 50 Jsb 3

SLNE-YS)

deS 5 oden Sl eslinnl b Glest Jol s ple o pH (e
Jelse s 8 el Jle i S Sl donl 5
LYNY] a5l pH Slade Jols (fags cpl 53 ey p 3590
JOr min) STy el Olej (/Y =0 g/) Sl 34
osle sl Chle 5 (Fr S Av AYe A0 AL X
(YO @+ VO Nve AYD N0 VO Yo mg/D) 1K,
R aa

b Lld s ave PH on e Slilesl g0
sles 53 5V/0 g/l Sl s 5 Ve mg/l K, clale)
plie 53 03l i L (618 Sl am s YYY oKLl
Coge Dle (G >l e s S fb";\ Al el A ]
clle 5 el Oboy (bl s sl i 51 Ks (SS
Jbe @ 03 (g S ale L3 el oy Wl K
o 5 s8N 5 b slap sl Sl e
03 ekd ol Ky e s S esliel wds e b
5w (R) K, sl L5 (q,(mg/g)) Jsbes Ol
DA e s (F) 5 (V) OVsles Lo

WAY 5L Y o jled

VRV

o Ll olylp slas )8 5 Ky old s w53 Rl
s3hp W (STl Sledlol s 4 e Sler law
Sy lams S T Gl LS sl sl 352 5w oS
o b Olas pl 53 5 93 50 5l ge 5 g5l [V (V] 555 e
(s Jo il o [F] s 3 O e i
(sl plis b (Sl s Ky sl (gile 188
T¥] S e oslizal g 1555 slsn ol Sl s S S
(S aha Jld sl OB adal Gleds,
0= A5 a s O sl 1hd 5 O el ST (i el
5 o35 ol 4l ey Sl Ayl g se glaay S
Sgn 5 K5 S ge s slge S 534S GV feily L
Ol gl WKl e 5l St o B s (JT
S Sle s IAT 3L mlo ol Sl 5115 315
Joie aheas sladil 3 805 a0 S ol Al 3 53 5L
IS e s Cmls s Ol oo o cpl 51 AS 20l 3
(S5 Tl o il o b ) S a5
slge ol 56 OL > olluls 4 s VS sl
5 b o b gl Glasl il e pland
3305 o il sy T slse (VU Sl Ol Aol b gl >
IA O ]

et 3 03 pde 3 (S S i e Jl 0 S
pslie S5 gm ahad 4 Comd &S T sla S5 05
et A3l o e 01 Sl o3le 1l Lol 315 1 e
55 S sl ot S Ll S L (535
Rl 4 K s e b s gla,giS
R ) ol sl V..A‘jﬁ 53 Sl odslis
Sy Bl s 2V e b S e Ol gl sl
Sladlas VY O] sl o g 4 5 55 90 Hloas LU azils
SO s S glailr ann s 5 A, 6l 0SE Sl
Slles & Ol oy ol Sl s fb_u'l @ ol s
AL o 2 g 053 W g S0 Olls sl L
I ki S ol sl g 5 o Wlag (SO0 sy 5 50
@dllas pl o3 VN 0=VF ] g0d o il iy b S8 oK
Ol S Olge 4 35S Sy ol Sl 36
Gleaes 31 5k plae SO Gl s Sl O3 5 b
Dlde e ) pH wiles s byl pioman (A sl o
Lol 20 Sy adsl chle 5 sV las Olog co3lr 553
28513



b ke K Gl Jal SVl andla

sl

ol pH 36

03,50 V Jlaged 53 awg PH o b3l 5l ol =l
Sl 5 155, Ve mg/l clale s bl cpl ol ol
VVA Sl e 5w W B Y SIpH (2l Lo g/l osls
Al bl s Ky Gl Ol o )3 AV/OA G s s
S W BV pH 3 Gl lads s &Sl 6 a0 L
eomed 5 (Ao )3 AV/OA 5 AO/YE 5 5 ay) AL e L
G2 s oS g5don slglale 2158 Sl (g S sl g
€opp GhlBl e 5 s 4 S Jskee pH 05 YL
Gha Jol e 1w S 55 ) e e pH o e o)
A olaS g PH Olge cnl D3 S5l

90 60

. 2|
85 A 58
80 _// ..l..v.. L 56
/" K4 w

Y s e - 54

K -~ & - 52
70 v =

2 S - 50

‘2 65 meret

= =, ... P48
60 e —— e S - 46
55 e ge (mg/g) - 44
50 — 42

2 3 4 5 6 7 8 9 10 11 12 13
pH
mg/l Vv K chle) MB 155, Bd s PH 36 - ls ges

@1 V0 O3l 555 aids 5+ ulas Ol

odd agi 3Lx 593 U
Dle 53 ol Bl L aS s e e odalin ¥ jlosed 4 a5 L
VRNV PP ¥ RS vol e S B COTA S VIRV B /) U5 IR PS
e O 6 /Y g/l 5l Ol e il L Ks ols
ey o3 AYOF 4 OMPA Gl s K, Gl
Loy A0 /¥4 Gletil, LY g/l 1, O3l ang Slde ol il

s . ZF ..
Al a S L s
100 45
90 |- ®rreg: i b 40
80 T —~ L35
.. A
~ 70 Y 30
B 60 | m—a e 2 E
350 .. - 20 2
§ 40 g B E
L i 15
‘o 10
fg —,— Gl T g ® | 5
0 e mg/l sl oK) chle 0

02 04 06 08 1 15 2 25 3 35 4 45 5
g/lodl 5

Voo 155, chle) MB 55K, Gd s Ol Sldie 1LY ls el
(Ve J..JJ._» pH gd.:ja g u«tL«J QL&) ;mg/l

4o o 5 Cublag asllad/oe

(V) dsoles
(Y) dsles

q.~(C,-C)V/M
Y%removal= 100 (C-C)/C,

» S ple s sl cble o C G ety cnl s
Al e (/) Jols Olej 53 el Cdr K5 Sldis q
Lguas\b [\/\] Ju.ibdn JL:M E) ka? )L‘) O AJJJJ u.)o-
3 eSSy e e anl Gl bl Bela o2
i Ll e sl (28 815 s ) s gl

[\Oe\q] Ju.::la‘id ¥ }V o)l.q...i: Q‘Y;Lu J"‘j”

(Y) dolas
c, 1 ( Ce j
e _ 4=
qe qmaka qmax
(F) dales
1
Logg, = LogK| +H LogC,
L@JI )J 45

255 e 5spl st ki (Lg™) sa (Lmg™)
G e sanl slacutm s K(mg L)

3 ot b 3652 s e ol Sl €, (mg 1)
ol = w0 Qo

3l o Ay 3 edd Ol ssle ke i (Mg )

HyC N\ﬁ[w3
H3c/\|[§3: : :s NH+ ~CH,
(MB) sb ks o155, b Hlle —) K2

OV Ty e 813855 (Kb s - gt

Sk ke il gL
MB Jat,a:sl (aU
Methylene Blue RIS
770 Om) wiy =50 Jsb
C](,H]xN3OS3H4O g;}g}” J}‘f’
VY0 (g/g mol) J s e
YA (cm’/g mol) Sy o




M/bl,&.@,b\uw 6}‘"".’

94 60
PN -~
92 A //, \ ..... 50
L
Y % - 40 _
" 88 1 / i I\ 20 \§
2 86 1 4 e
9 ) c
= g o 20
E
I ——Che s ]
-l ge (mg/g)
80 T T T T T T T 0
25 50 75 100 125 150 175 200
mo/leey cdalé

L) MB 155, Bl s adsl 5K, chale J1-F s ges
@1 ¥ O3l 595 A ol pH adds V00 wles

ChlE LI ol b S s e edalie (izes
YO mg/l Slaie 5155, cdale b e il e SO 4l
QY/Y0 sl 4 5 atdls (o gmm Ly Gl Ol Vo0 U
s 53 1355 esle wlale 1381 b aelsl 55 5 dory o Loy
ey go Loy 3 AD/EO a5 5 b o EalS ayl b SIS

ERERS

238N 5 s e anl Jhe g T L cde Sledlb
Osee S5 rd b olpon s (655 sla )y ks 5L
warg Lol edd o 7 50 slajlogel 5 Y Jodr o
Sy i deaSonl 51 8 R 050 S5 5l
A s Al 1 e o i (RP=85) s b Jus 8
Sy Al b sk plae SO b Sl s Jas

WAY 5L Y o jled

ol Olej U
sla bl 5K (S 1505 5 @b G 815 b 0l
S Soskr L e S 5 Jsloe 53 s diledl Gl
(Ao 3 42/¥Y) Gl Ll u_lf‘ﬂb a4 oazds VO Ol s
Iolw A w Loui il b obely OF 51 e 5 Ay o

..L.,:)L;a
98 33
——
96 e -
. 94 /& = r 32
:\-’"\ 92 o i
K ndiF - 31
90 R
88 : —— O S L 30
36 o B e (mg/g)
84 I ! T 29
30 60 90 120 150 180 210 250
&8s oo

Voo 155, cdale) MB 15K, Gd s pwled 0bey 51 =¥ s gas
@MY O3> 595 Vel pH amg/l

1565 s Ble S

s 03,51 ¥ Jlgad 53 sk lie Sy sl sleale 36

Ol baS 8 8w U8 e loged 4 ax g L

Y/l il 550 dds \00 eles Oloy 2 G sl ke

A e 5 il Ky Gl LS L pH

AL e andllas el
238N 5 ks fpignl dde sla eyl l e —Y Jsur
255N 5 LA s QO ol g
R? Qm (L mgh K (Lgh R? n Ky
N YA/Y Y H/AD \AREAS \ YY£Y 355 Cengy maSE

5.00 5.00

4.50 4.50

4.00 4.00

3.50 3.50

3.00 3.00
() (]
T250 250
™ 2.00 — -

: y=2.0713x +0.0283 2.00 y=2.0713x+0.0283 | |

1.50 R2=0.8453 1.50 R2=0.8453

1.00 1.00

0.50 0.50

0.00 './ | ; ; ; 0.00 / ‘ . | |

000 050 1.00 150 200  2.50 000 050 1.00 150 200 250
1/Ce 1/Ce

MB &, Gl gl gdiin f pinnl —F s s

MB &K, Sd sl 2508Y £ 5950 -0l gl



oo K, Gl ol SVsles anlllas

0.8 ‘
0.7
06 ‘L\ﬁ\
208 — — RE=0.9838

g 0:4 ﬁK\\i\NN
503 —r—

—
02 Re=0.9783
100 W150 4200 oo
0.1 =6:987
0 |

30 60 90 120 150 180 210
t(min)

ke 5K, Qe sl Jl s ad S Vs gal

45
\ \

4 4100 W150 4200 R2=0.9%
35 —
(o)) /
3, et
(o))
$ e,
M e
P ,// ///
> | / —_4

05

0

30 60 9 20 150 180 210

t(min)
sh ke I, il (sl pas 4 Ad Kt Al gl

4o 5 Cublag asllal/oY

(g3 5 dyl a5 4d) o S
o ladl B RS el e Sl o S
oy Jol aps ad Jle j3 sl e eslitd b
s oskr by s el > i el Dl S
b o3l adls e 5 gLt il 3 ks b conlins
omod;wﬁ@\@f&;@wgﬁv s e Ol

1wl sl 02l

:(0) dsles
L0g(0,-6)=Log(@,) -t
2.303
il sal & Wslra 53 5 SERE S ad Jde o abail
(8) dslas

Lo,
4. k.q. 4.

S 3 ek Ll 155, Sldie ol q, «=VYslee nl s
Mg/ t Oley 53 s i 150, lAie 4 (@/ME)Jsls
A2l p 53 5 sl ar s S Joles o sl K, 5K
Jodr A 5V slaslsged 53 Jbe 3l (sl edel s 0lie
O3 53 v L PHYY £ Y °C sles) ool Ll b s Y
p33 x5 4k e oS 358 e sdalie ol o 11 (Y g/l

il e (e W Ll ) 6l

155, il glglale ;s MB &) Gl (sl 2 o St il 2 Y it

poS ard 4 Jsl a4l 55, clale
R’ K de(s) R’ K, decs) et (mg/D
+/44% /N0 YY/PY +/AAY VARA ARVAR \O/FA Voo
+/44) f/0Y¥ Va/8A +/AVA VAR \FdARd YA/AV VO
+/QAAY v/ YY/AD */AAV /YYY YAV YY/+0 Yoo
s Sldllas s ams ool 5l Sl Sk, pH 2ulsl L Eou

A3 S edaline 50

2 YN Jl s 0Ls 5 Kushwaha o5 glaslas s
Sl S p oosles Slul Sl Jel d S 6
Lals el JJ Sl 5l Gew 5 b lae) K Y
Ll e il Gl LS pH il L oS 0 st
[YY]

OLen 5 Pavan Loy o 6 s adlas 3 pioen
AY ssa= UpH [l b as i S sdaline 50 A plxs!
IV T le il doss 48 B 1yl s ol

Ol e 53 Sl b a8 5l 0l Slisle3T 51 ol bl
538 Gosh Ll SRl LS AT B Y I pH
L onl o ool (1 AD/YS) Slekily o 5NL Ve Ll pH
et gy SSlls S hiS (358 B s L ols
ﬁuﬁg\;@bj} 3l 3l gles mlS /C@d&;ﬁdwu
LS Sols 4 s b plas Sssl8 SO ol
oirmad a8 ylowe 03 52 e HY 05y e pH 201530
Sl Ole OF Corse 5 L sl B8 OH 0

L3 AVT L o Rl O3l < (655 ke



OF/ 01,0 5 0L gris (5 oo

Sy Gl Ol sl 155, clale 21531 L oS sl ol
Cob Ll il ps ) 28k el s 4 s Rl
Sy chle BIHL (Gl eles by 5 ol laie)
Lo Js asl all 50 Gl Olge Voo G YO mg/l
Sl sl p LS ) Ky chls g min Sl
45 A2l S ol 5l AU Sl (S ¢ 52 50l A
CE e 4 ‘;<3) osle glg 55 5 ‘va} osle p-( slekls s
el Clle s GLIBIL 5 eld ol (Ol e (655
ek oSS Ol 53 il el O plLl 4 e )
52 kil 155, sl iS50 o o sl anils s w0 L
) andllas s [0V VY] das e 2alS |y ol 0o doms
S s e Sl Sos » 0LKes s Entezari L g oS
wd S el S 5 gl Al oS 5 s, L0 L 5eST,
Gl LS (K, clle il LaS cal sl esls OLES
S 6o p ol leallr slaws [y &S b e JRalS
s andllas 3 [¥] cl ol S5 O3l 3l asiie i
5SSV e Cder a8 Wl OLaS 21 5 Khattri
alS Gl pletily KOy chale 15l L eyl St g,
D]k -

b Ll s il GlsSse el e S
33 Wizl ell s e 0L 1 el 5 b 56 o
S waman 5 O3l 5ol pdh Sl s A Cho i
¢ 238N e 3 0] il op o 655 51 b o g
53 503 O3l il el o e3le sl ST 5l Y S
Sladise 5 OGSl 551 s (3l sl sled
Ghlae s b Jde s 5 g o (58 iy S25 5 ol
Sl 5 eas CHIESS (Bl e s (655 s
o) Dalae 5l ol s [T 05 islize o
Y @L\.})J.é i) dslee w o aS 3ly Ol
S S Olge pl by s 15 (IAD) oYL G o
s sl s Y L S sa 5L e K5 Gl
ol 0L, s Gulnaz aalas ;3 .08 o (S5 ,m s
Sy Sl ol pnal il 55 2 VA e 5]y K
INT ol ails ey 5aSY s 5550 b e e
Sy Shle an e gl Ol Saie SWsles piman
oo sk e G588 Ky Sl 8 sls 0L candlls
S pgd ax)d and dsles 3l gui.”.l.aﬂ Sy Jd o S
s o350 0L Sldles L3 glie SLEIS A
ARTAIAR Y RS

WAY 5L Y o jled

Kamal Amin L. g & glaallas 3 mls ool S
plonsl K55 e S, 555 2 ABL Sl el 4 O3 L
G Ol & B PH 3 il b oS 555 e sdalie (s
adllae 53 [A] Aoy o Lo y3 OV 350 a4 5wl alS 50
b w5, Ky Gl gy, 2 «S Siddique by Sos
Cille s 1141 A salie (glamess pior e ol 14
g5 5 Skl 4 Ol e | aalllas ol 5 L 0T 035
L obelily ialsél 5yse s Cumdly cploidls Lol e O3l
Yool s GslS al b SO sldslme pH 258!

Y] Cel okal
S-OH+OH — SO +H,0 (V) kel
SO+ Dye* — S - O - Dye (V) abal,y

sk A5l LUIS (Ol Ole 55 el b anllles ol s
Lo s AY syl a4 Lo 5 OA 1 5 asl ol 53 (_;ﬁf.“ia-
Codly ol s Ol s b, STy Ol Dde o
Lyl i s bl Jlade Ll b oS cdls Slbl Ol g
On VLl 5 Jed sl s 5o s e Gl
Wi G s 31 (55) adipd S+ il
Jud op S St by Cdor e b by s s
5> Ly ol DV Al 28 538 ey 3l ol
g ey S8 K, Gl s OLGs 5 Gong axls
I¥] ol 0t S5 o o Settn OB 1 igns ool ey
S andllas ool laanl 5 6 555 Slallas Tl Oremes
TA O O YF]aS

Lol s Shes o 03 S bl ST el 0L
A0l opl s Sl ool i el (et il 0
b b g Sals Jgeee js silel K e aS sl olis
S5k et SOy Sl 0 VL Ll e SRl o
31 g bl el ey Sl Y10 51 28 Ol s T (sl shoes
Ol oo 503,00 Gl s Aol 3 LS Oley ool s dS
Ll slenle 2als ans &5 culs dsles b= 1, o
Obey il bl s b IS 55k il e 0l w208
OF 51 5 Kle o ol et Oloy SO L3 5 Ll wles
Rl 02 s gt Bl Jslome 53 550 SO n 4 0
Sl s el el e Les Cdr K Lldie Sl
Olalae U candlas -l glaasl [VY YO 5)0s 13 Jslas
LY 7] 550 Cullas ol plodl sl

Gl L b ke Sy o) slehle 36 b



b ke K Gl Jal SVl andla

ﬁj{wtﬁ@&-@\}ﬁgﬂﬁfﬁ?ﬁ@JJﬁ“S
Ol 2 S o L I B s e ol Je Sl
PH 05 5 oled 0Ly o3 550 b aul b 1 s
Jfﬁ.c,.&lsw).(:.a@bbii)ijﬁlw@b
) 335 Congs 5l ol S oS 235 ams Ol
a Llg e (ol e ol b (g5 slis oluly 5 S

o oy Clhg aldad/of

S5 doms
JJ; Cowgy 5l ol 4 2SI oS ol 0L G
sk plae G, Gl s S oilr K LS e
Olge a andllas 3550 2SS ¥ g/l il 2l sleglas
slos K, mg/l Ll o s axdlas pl 3 O3l ang lds
O e ooy 9 4235 \ 00 Qb)o.halﬁdﬂbu.-);\‘\’i\’

e 1555, B s S Ol a3l G Ol
255 ) Al slela 5l 5k

‘;;‘3)43‘9 ’SN:"
fukf.xmifww\ [y vevry) rbu‘«_ad\.l.ﬁb Lfi"zﬂ (:)l& NEGHR 6))1&_5@[.2.:2}& C,J)L;u dﬂ" C“iL“}L’d:‘S’Ju:"
GKA;A.iLA)T {’j:""’ QL\»L&)S)Q\M\) u‘g‘;ﬁ €j.l.9 a@i\) L;J,.Ajﬁ (’J:""’ J:S}LMcaLQ\J rjim C,..ALgJ)‘ J.gb@ r‘)y Jj;-

Juil.q.' b JAL“M 9 L};b).ﬁa JLQS sdle C,.J‘.L@_z oJQiJ\;

REFERENCES
1. Kaur S, Singh V. TiO2 mediated photocatalytic degradation studies of Reactive Red 198 by UV irradiation.
Journal of Hazardous Materials. 2007;141(1):230-6.

2. Nadi H, Alizadeh M, AhmadAbadi M, Yari A, Hashemi S. Removal of Reactive Dyes (Green, Orange,
and Yellow) from Aqueous Solutions by Peanut Shell Powder as a Natural Adsorben. Arch Hyg Sci.
2012;1(2):41-7.

3. Gong R, Li M, Yang C, Sun Y, Chen J. Removal of cationic dyes from aqueous solution by adsorption on
peanut hull. Journal of Hazardous Materials. 2005;121(1-3):247-50.

4. M.H EZ-H, N A. Fast and efficient removal of Reactive Black 5 from aqueous solution by a combined
method of ultrasound and sorption process. Ultrasonics Sonochemistry. 2007;(15): 433-7.

5. Goémez V, Larrechi MS, Callao MP. Kinetic and adsorption study of acid dye removal using activated
carbon. Chemosphere. 2007;69(7):1151-8.

6. Ozcan A, Omeroglu C, Erdogan Y, Ozcan AS. Modification of bentonite with a cationic surfactant: An
adsorption study of textile dye Reactive Blue 19. Journal of Hazardous Materials. 2007;140(1-2):173-9.

7. Zhu M-X, Lee L, Wang H-H, Wang Z. Removal of an anionic dye by adsorption/precipitation processes
using alkaline white mud. Journal of Hazardous Materials. 2007;149(3):735-41.

8. Amin NK. Removal of reactive dye from aqueous solutions by adsorption onto activated carbons prepared
from sugarcane bagasse pith. Desalination. 2008;223(1-3):152-61.

9. Rio Ald, Fernandez J, Molina J, Bonastre J, Cases F. Electrochemical treatment of a synthetic wastewater
containing a sulphonated azo dye. Determination of naphthalenesulphonic compounds produced as main
by-products. Desalination. 2011;273(2-3):428-35.

10. Pavan FA, Mazzocato AC, Gushikem Y. Removal of methylene blue dye from aqueous solutions by
adsorption using yellow passion fruit peel as adsorbent. Bioresource Technology. 2008;99(8):3162-5.



00/01,1K0n 5 Ob gais (5 jin WAY 5L O oy led

11. O GA, S K. Removal of Reactive Red 198 from aqueous solution by Potamogeton crispus. Chemical
Engineering Journal. 2011;174(2-3):579-85.

12. Fanchiang J-M, Tseng D-H. Degradation of anthraquinone dye C.I. Reactive Blue 19 in aqueous solution
by ozonation. Chemosphere. 2009;77(2):214-21.

13. Madrakian T, Afkhami A, Ahmadi M. Adsorption and kinetic studies of seven different organic dyes onto
magnetite nanoparticlesloaded tea waste and removal of them from wastewater samples. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy. 2012;99(0):102-9.

14. Amin NK. Removal of direct blue-106 dye from aqueous solution using new activated carbons developed
from pomegranate peel: Adsorption equilibrium and kinetics. Journal of Hazardous Materials. 2009;165(1—
3):52-62.

15. Caner N, Kiran I, Ilhan S, Iscen CF. [sotherm and kinetic studies of Burazol Blue ED dye biosorption by
dried anaerobic sludge. Journal of Hazardous Materials. 2009;165(1-3):279-84.

16. Khattri SD, Singh MK. Removal of malachite green from dye wastewater using neem sawdust by
adsorption. Journal of Hazardous Materials. 2009;167(1-3):1089-94.

17. Mahmoud MS, Farah JY, Farrag TE. Enhanced removal of Methylene Blue by electrocoag ulation using
iron electrodes. Egyptian Journal of Petroleum. 2013;22:211-6.

18. Gil A, Assis FCC, Albeniz S, Korili SA. Removal of dyes from wastewaters by adsorption on pillared
clays. Chemical Engineering Journal. 2011;168(3):1032-40.

19. Siddique M, Farooq R, Khalid A, Farooq A, Mahmood Q, Farooq U, et al. Thermal-pressure-mediated
hydrolysis of Reactive Blue 19 dye. Journal of Hazardous Materials. 2009;172(2-3):1007-12.

20. Sohrabnezhad S, Pourahmad A. Comparisonabsorption of new methylene blue dye in zeolite and
nanocrystal zeolite. Desalination. 2010;256(1-3):84-9.

21. N KH. Hazardous Organic Pollutants in , Colored Wastewaters. Nova Science Publishers NY. 2008;5:28-
41.

22. Kushwaha AK, Gupta N, ChattopadhyayaMC. Removal of cationic methylen e blue and malachite
green dyes from aqueous solution by waste materia Is of Daucus carota. Journal of Saudi Chemical Society.
2011;1(2):15-26.

23. Santhi T, Manonmani S, Vasantha VS, Chang YT. A new alternat ive adsorbentfor the removal of
cationicdyes from aqueous solution. Arabian Journal of Chemistry. 2011;1(1):32-46.

24. Janos P, Coskun S, Pilatova V, Rejnek J. Removal of basic (Methylene Blue) and acid (Egacid
Orange) dyes from waters by sorption on chemically treated wood shavings. Bioresource Technology.
2009;100(3):1450-3.

25. Ponnusami V, Krithika V, Madhuram R, Srivastava S N. Biosorption of reactive dye using acid-treated
rice husk: Factorial design analysis. Journal of Hazardous Materials2007;142(1-2):397-403.

26. Gok O, Ozcan AS, Ozcan A. Adsorption behavior of a textile dye of Reactive Blue 19 from aqueous
solutions onto modified bentonite. Applied Surface Science. 2010;256(17):5439-43.



