10.22092/1JWPR.2019.124486.1509 (DOI) Jlizs anliz
98.1000/1735-0913.1398.34.16.66.1.1575.1603 (DOR) Jlizmys anliz

(WWAA) AY=YF asio N o ke VF Ul

Ol Frwly Fmlaw (w9 tawsd (Silwdug 1 g0l ¥ Zlg0l dawgds o)l B Lo o 1HI7 =&
Kol 390 5 9 SKkims

rb}&GTwJY&gJTQ;MM ‘*\‘55.1,.2 O S

Q‘jl‘ ‘é)Lﬂ ‘djhﬁcujé_)))wr)lﬁ n&iﬁ\.} (@.:?L CrLA suSzsls g.\.&—\fj Lo swhge 53}? ‘)\i)\.lw‘ 5in..~a o.‘\l...g'jﬂ—ﬁ\

h.sharifi@sanru.ac.ir : s s S s

U‘j‘ td)\-\ﬂ ‘6)\.‘.-1&6\.«}6})3\.\.5"3.\& a\i—&ﬁ‘: ‘g;'..«b c\.o.d saSlls ‘.;\..5\53 S e A}; w\.‘i)‘ K\MJK&S}M\J -Y

U‘J“ té}\.w ‘$)LL¢~LCL«36)J3LJV,1; a&ﬁ\: ‘L;“"‘L CL« A.;\S.w.vl) ‘.A.C\S} e el Lf“w 03; ;w\...&)\s 49}4]&‘2—*

VWAV o it pdy o0 AR BH R E

ouuS>

C\jﬁ‘ )‘ ab\.a......:‘ \) a)‘d\.:- 4.\....”4) @T k_sLbL.:u )‘ jLU.L.-A g_ia) du\’ J\)\S IR M;J\.ka d\ )\ EEYY JJL)"‘ )\ v\-\s‘jﬁ .}L"u‘

5 23l a5 sl b ol K5 cBle 1 U5l shtea 4 pnU Gl n ol 5 asl e mlan gl 2y ey ool 3
b site ol iz sla 31 ol slateny o sy 255 5 Loyl 5o s sslinad ol glase 51 K, Gds 5 pH
ol 4S5l LS a6 Se3ll xSl FEY g0 Jsb o asy Sl 3l eslinal b baaiped K, e as eolin
e caids A (Sl ol id e S e Yo 1S5, adsl ke S5, G b slas 4 ol ol e sl el
ool Jols 00,3 YV/0 5 AY/YA s S5y Bl do S 5 cp i Al A adslpH 5 20 0 SF Lils
olols AT s ol ol gn aallae (gl iz 25800 1 o (Sl e ot et i S 5l s s LT
sodhe (RT=-/AFAP) Wby ass sl ens uiie polie b aanlasl slie 45 sms e ol e o o VU e

sl \‘}ijj i 205k oy 5B O3 lade 5 PH o asfllas o5 pamme 53 oS sl gl c»\.g dﬂ;\ s oyl

45 0 dnd St S0 o) 1 rized a2l e J.f\.aj.f 9 GIsman s Al b samaglis L;J\.J 3 u......f J\J’T S5 sWesls
)l Cillae £y am o 4t (St e b ) 5 S sls olas o3 5 Ul

woda Klges 5 5 St (S50 S0 b e el (s (sl Gl Gl e S5y gl sl

& obls oles Lo 4ly,, (Bazrafshan et al., 2014)
PR C’\*’ 23 &S ot Mg 6 K5 iz
5 Wil (e s (3l pliw (5 55,
Jdoa mlio ol Ol 35S o ol eslaal 5,50 Ol
Sloe 5 o OLS 5 (e 3lae ( olard slse glyls A

dodio
oM @,L?—JJJ@M&) ool tjsj\}a a.)t,gjzb
O PN R\ VRS [t B G
azes o Hlade cpl oo YP U VF Sy s suly
380 plio ol ol 3l 555 oldes


https://dx.doi.org/10.22092/ijwpr.2019.124486.1509
mailto:h.sharifi@sanru.ac.ir

Al e 4 lab SLS 5 58 6T 51 25 8 5 sdmy
Ssla b Sl a8, gl n e 51 SO
SN 09 b hodee Al s bl Syl
sa—ia MB o)zl cadle b J5e 0 S ¥VA/AD
slesls sholze (Ponnusami et al., 2008) »5 8
03 5 LS4 4 5 50 AEK ;PJS&KJJ 2 aS el b?v')
o 90 Sl s sl Lﬂ S5 S5 o - gt 5
sl S5 4 Vgane s 4 Al a5 L Ul

65;4) sl 34) o) Sl cmio s 3\—1@ o

g ge ooliul 50 Ky plsiea 5 2l A (Ol e
SU P S U Y T PRV P W P
Ol 1y 555 s A Oy 50 K O pon 5 oad S
el wily 555 (oS S 3525 L a0
ol ) et (S s el Gl 55 e b
o5 om 3 0l (S Fl il o b ol 2
Sl ooa Al aSo a8 agal s o gasl
20l sl b 56 eas S Gis s~ Sl
(Vargas et al., 2011) 53 5K Jrass G 3 lams
Sl godmie (N5 dom 5 Sl (SN s,
S5 sl 5550 wlio s & ol 51 JT ol B3
sl s ol Colre 5 ol K a5 wlas
o gl AN A S s g3 mansd 5 5lasll
4 ol Ol 5 4 iy gl denS) G500 55) (SR
Maleki et al., ) s 55l 50 cpl dhas 5| e o S 55
s a3l F3e 5 ol Lras K e Gl a3
Ol Rty y ax s 355 g3l 5 ol sy K olsien
5les 8 G anl ol s o ulan § )3
Ciliie mlio Gl 51 ol b Gane s JI s So 4

5 R s e SN, Bd Gl ol 2Bl 5 005

WSS,y B 350 5o sad 83 6 i, ple 5o (2013

Shafiabadi et al., ) el a6 5 [\ 5 4l 3 sy
el )y O3l K5l e Gl 5,0 (2016
shls b -MT)\S P I P V- S PV o
Saosle sl ol ale ooy £5 VL g b

Vool FF s il al SES 5 G ke Sl aslilas

i (oLl e b Gasezs BB Sl ) K,
Lucas & Peres, ) cwlaols o 5oloai s 51 S
5K sbean¥T Gl 5,0 51 .(2007; Aksu, 2005
Sl Sla,s 5 Glony cueal 5l a0 Glao s o)
sbolw 53 JI 615, slse (Oden et al., 2014)
L sl 0Ll st el L5 358 S o
S sl ol iS5 o 5l g e S Jue
20305 5 Glas olse Rl L cnl s edle 5 aiS s
Roohbakhsh Bidaei et al., ) 4,138 . U el s,
S s laama 5 olus) cadles Lot gl 55000 51 .(2018
SINT PPN NECHY G I S S EO
ab el 5l &) G @l S5 clais,
Gl Sl 55 5 Glo sy Comdl 3l 5 50 s, Il
.(Sobhanardakani & Zadipak, 2016)
pl— 2S5 s e 3 S5l S el
S, Ll sl ol o ol Ol 0S5 s
5 e My ol bl Hlwde S ol 53 552 5
S5t «\e.T@ 359k LS as 6 805 Al
23 35mse Slar e sl um 5 S 45 5l 55 LK,
<X, (Abechi et al., 2006) %o 0 sl 5
e (S s a4 S o o eala s
S5k LSS, SIS 5 e (5l A5 e
238 Ky IS 2,5 K55 0l ) \—ﬂy& ($5515)
2ot g el 5 aaliny, A2 a5 asle glas )8
03 it LK, w05 2,8 (LWE) o3 Sim a
5 il Gbiel e aw Sl s Jre glas LS
Sl IS, (K, Ky LB sl il
sh5Ss il wsle Liels palscab 5 5l S5,
(Liu et al., 2007) 1,15 5 ,\S 4o
bl $dels ol oy0a8 5 K nesdle
Gl S aiea YU Ghas slse 5 COD BOD 5
(Narbatiz et al.,1997) aal o 2s s G jlams
Cor ol Sodl 5 K sams JS 25 oS 5
plass o 1 W 51 —am 5 03 §5ime Sl 3218



S Gl S s

Ch G by (ool el Slesla b s
Jels anl 3 g5 Jelse ol S5 550 S
o3le 5laie Byl b sl b el ol oS5, sl e
Lyly, cpizman ail o dt sl Cunsy 5o PH 5 O3
OVER- SN WA 2ol o e Kelinse s Settu

R S BTVl I SNt [ FUREY

L g, g dlge
Ol g 5 3 50

4 &S psio oo 5l ead ag o)l SB Sless  cnl 5o
ad 2B ol el 51 50 Sl e 5 1l 3
LS 3 e i slan ) O3 plsea cul
s3 a5 asly 555 70¢) Al eols 5 e 5 sl
5 5SS bails 70+ 5 azals L, 3V /Yy mm s /¢
e sd—d ganaly o)l S Al s (el < /fmm
b Gl Al Sl SUas aec s Ol as
oy B V¥ OC los H3 el YF KT 5 G b,
S5 s bl s ealimal sl 5 Sas el 055 4
5 dad gl pH ('-J@ Sl At IS Ay
L) deSs 00 A 9 VAR upyb- L) sl 59.)53)-%@
8 esliad oWl S e 080 cale (14874 Lo s

i Jpme s L s 615555 )
28 VA S o2 5 (CieH1sCINGS.3H,0)
salizal 1555, Jele glsieay oWl S e S o el J s
dsb 5o ol wil sl Sholae 1505 i b s
sals ples N IS s 1S5, Sl o #5F N e
(Sharifi & Shoja, 2018) culsas

o3l 35 50 cBel&ins

Jae (Vis-UV) Lzanl 3= 5 e e gy iSml o&ws
&l opl5 SHIMUDZU &S i el PC-UV\£0-
ol ) (bl ol 5o sk hae cle 6,8 o5l
s S

\f

st ol S5, 6,55 sl siktien 655 5 anb
b sl 5 LS 5 5l ealaral (cpls g sl ol
b b cadolil sboils plyea 80 e
o ety S 0l s O me 5 YL Ll
Gl il il iy slse a il e s,
ol 5 (B Sty bl sl i 5,508
sl o S b ey S\ Pl 5 Jol (S
3,15 sage n S L ot S5 sl L e 8 oS
Batzias & Sidiras, 2007; Mall et al., 2005; Ziapour )
oIS s o> ) ) Jiig s .(etal., 2018
$oslp sl 8 s 5 b e Sl pa S asly .
R U P U | PR U UG | U ey WS W
Sl ke asle 5558 SLals, Claay Jel
33 OH oy 8 g Ll Jds 4 o )l SLs i s
53 3550 5 858 5 055 s 6\-%3‘ L sl e 555 Sl
R A WP VL PRI P B PR WSS CPWIN Ui WP CES W
eI r-‘”‘} | 4,
o o) Lo Jdoas & 50l 3 2 lsel SSiy Gl
D3 am 5 3,50 sl odg el Jolate a2y, 2L 4
ssbtea o Saia o i, ol 5l eslial oo ulas 8
el Gl 3 s s ol 5l atitie loany VT G
ol b glsel S LS (Asfaram et al., 2016)
e pltd ol anl 351 s BB Glacs o
(e o3l e 3L L2l 4 ol e dex o 51 &S
3200 e o3l (il s Ol ol il Lrals
(Azad et al., 2016)
Aazalosl ol b s ssli 550 (o5lal sl o
=9, 45 a2\, . (Response surface) CL“ F=b )
e ol p 03 5w Gl Aol 5 5 el
S eSp b Srotn s b Gros ol il
Box-) .S~ ~SL U 4 (Central Composite Design)
(Sharifi Pajaie & Taghizadeh, 2015) sls »ll (Behnken
Slolp 4 Az b sl Pl Sl Gas Gl
O3l il by Of 5l shka K Gis IS



(V) &, Gdm aoss sl ey o e 51 S
Sl Opon 5 Sldemains G S5 Jae B s
it 1) i ol e

(\)

k k k k

Y :ﬂo +izl:ﬂixi +izl:ﬂiixi2 +i21:§ﬂijxixj +

Sk eas gopin b SLY O dola s
(sl ¥ ol Gaios al 02) Jaias b i slaws
2 sdmap s Boazies b e Kby Xj 5 Xi ol
sl Sl ol o saimapLis s 54 B 5 Blj 5 B b
Sharifi et ) wal o blize b 5l 5 e slo 5l Jas
o3zl | and sz Jow doles U251, i (al., 2018
sds Jolaze R? islie 5 R? sialsay ool 5
Jae b ol as S5 oUs,0 s, (R%-adjusted)
PSR S L

P e TS PRy BT e
5 (m0 5 +0) gy eme abai g3 (+) 50 —)) Cilisea CLW
5 ool sl s gl (658 0 akeii s 1SS ==
A adlas (g pdo )l SO A

clle) sl Ji e gl e N ool Joam 5o
Wl olie 5 (PH 5 03l 555w ol 3 oles sl s
sl b kg 5 )3 Ll s 5T e ) shiten oS
JS sl omaloa s asls oLz s 5 esli ol Gl
Sd 233k (Fal) aly ke 5Tl o ls]
(Y Joaz) asl e K,

&

Vool FF s il al SES 5 G ke Sl aslilas

o PH o&es 51 b sk pH (S o5las) )
23 8 oslized Wyl BW-pHS3 Jus BEL ¢S s il
eS o el Panasonic 2600 Jas & ol 3 o &aws |
EBA Jae 550 5l ois 5 o) 4l a2 ooly metige
4 53 i ) oWl Hettich <2 el
A3 S eoliad O3l 5\ sl

N
3\N S N/ :
I |

|
CH, C

C+ N/

CH,
(Sharifi & Shoja, ol olend Ll -\ S
2018)

b islosl (>15b

b oo el 2y 3l osliad b K5 Gl (s5lnate
e Ol S el 5 S0 S b Jae LSS
e 53 3l i 5 K5 clle el gl PH iz
sd s ST a3 ol S il e
el 0del ¥ oosle Jod 5 GBds 250 o enay

slmosls oLssl gl bl mSes 5 Juee &
oalizad | ooy 00T 48 @i 8 515 alinad 5,50 L2l
oslinl L ool 1o o ol Design Expert 7,1 31s 5 5|

Slade a5 s 8 5JUT (ANOVA) Luills 56T o sesl 5

.,QQJ;MJ\;L;@CEMQ\}_&@ p<-/-0

S oS o b s 0o T Gl ead e 20 5 S sl el -\ Jsax

Lb,g.‘:.& 90>
Jie o el Ll Jolse
p{Fues ke o> o=l o a+ a-
. v. v o- \-. (ME/L) o e clale A
A 3 £ \. Y (min) & 50! 3 ol B
v v v N \ QL) &3l 555 C
N v o VY v pH D




S Gl S s

o a4 bsi e gl 5 55 0 S sl (b 5 =Y Json

\§

(b Gis> o3k ~
D C B olesloled
V- ey} sadodnlin

AF/AFA aY/Y4 3 \ A \
AO/ < \A AO/VY 4 A A Y
\2ZARN YA/ ¥ \4 0 e Y
VoO/NY Vo/f4 % ¥ s ¥
IAVARA 7Y /0Y 0 Y ¥ 0
FV/YY ATALZ 4 \ A §
VO/\Y \AZARZ \4 Y e \
FA/N - F¥/A % ¥ A A
Fe/ZA IAVAIN 0 Y A q
AA/VY AN/ YO \4 Y 4 ).
a7A VE/Ye o A A N
VO/NY VE/XY % s 2 \Y
OA/ON AVAYZ o \ A Y
8/ V-/0\ 0 ¥ ¥ i
ZY/YY £Y/0 4 Y ¥ VO
vY/a¥ VA/£0 3 \f \ \$
AY/AA AY/A4 4 Y \ VY
7Y/7Y I4VAS 0 ¥ ¥ A
AF/OY AAN/YO N ¥ § \4
OY/AY £V/0 ¥ ¥ 2 Y.
VO/NY VE/Ys v ¥ § Y\
0F/AO ov/0 v \ § Yy
VO/NY V¥/§ v ¥ ¢ Yy
AN/AD AY/Y ! Y A Y
yY/4 Y¥/0 v ¥ s A1)
VO/NY vo/0 \4 Y 4 Y§
VE/04 VE/Y Y v s \- \
a./4y 4-/0 4 ¥ ¥ YA
go/NY £8/.8 o A \ Y4
VY/\O YY/0 o ¥ A v




Dye Removal (%) = (C(JC_CG ]xlOO "

0o

Ky ol cdale Ce 5 K, adyl cdale Co o s &S
il Sk s

Jas &5 0SS o1 b 1, e sl CCD 5l

ool s S5 oo ool lzs (V) aloles U skal Gty
ads) Jole 5l Jls s ANOVA Luills o Jsis
b Joe a8 e ey [ bale (28 08 5 5 paw iy
25 Sogoh o ol lagses) 5l eas gl Al s

Al g

Vool FF s il al SES 5 G ke Sl aslilas

bolesl bl i)
25 15505 e 5 O3 Jlude PpH uslie oz
i RSM L 5 susil)) uslie b gillae sl
S olol s 4 am s L oLSST (Y Joas) asa s
sshea (V M) aSs50 d— Sen MSa—l
Y o 53 ean S5 clagle) 5y as eslanal pH i
i S 13 Spol b el (o me 53 a1
s sa lal b hete Sis o s skt
WS 51 oMl U s pui e i e 5 5 e 5
sl o S o3Il by sad s e s gh s Sl
= %e\ijéwcygbbﬁb—bw oley 2 53 s
Ao 3l el b Bl a i pola s
P PYICHIIEYR P 5 <P S VS N R o |4

238 o cpem 5 Al 3b Gis a3l

Y %=27.195-0.5986X , —3.259X  +5.135X . +11.807X , +0.0767X ,X , +0.0645X ,X ¢ (r)
—0.2075X , X , +0.873X ;X . +0.284X ;X , +0.7665X . X , +0.0167X ?

—0.2365X 2 —2.133X 2 —0.402X ?

VU Sl Jsanes by Folaie (aiS a0 580ty S 50
sasylas 55 /00 51 xS Prob lude 5 ol
el Jae G35 Sl s
Glm 25k o2 polis el (A Y S
bosioad gnitn @l ol s 1) Sl
s =l Jlasl Sl pes s o ol ¥ asles
o gmd el imaloa a1 (0) Y Sz s by
Ml bt cwlalas fasensSl, osms sammsplai
by el st it polie s (8l olie o

A Jde

Sl s polde suns oz Xi aolee ol 5o &S
dslee ol a2l D ,C B A sb
b ke o 53 1y Cote b 5l YU pH saz il
ijjl{Wum.éw J_vt_a.r O...l.?v.a.h 9 0oy \)‘.}
olie U illas) sl o Sls me 5 Bl LG o YL
(F
UL 5 Petest ol L (F) dobee 5Ll L))
ool e ey p50 4255 Jas ANOVA il
laesls .cnloa 63,51 ¥ Jodx o QT Aol g e
e a2 | a3 a3 Jie ol < 55ANOVA
u-<“\*" Dlade 5l Laesls &1 =il 51 gL ozl

L omls) mls 4 Joas ol s SSosbas ol



S Gl S s

Gls 235k Gy sl ae ol IUT Sl saslcsa (ANOVA) il 50T =¥ Jsas

P lade Flade Slas o 5o g some e
<ofeen \RVA%4 vYov/vyY Jas
/ey YY/-§ YVV/00 A

</ YOV O/YY £Y/%4 B
<efeiy AR OV+/+A C
<o/eee \YV/8A \0-Y/84 D

«/+4y4 Y/Y YV/#Y AB

</¥eYY -/0V /7N AC

AR YY/¥. YVO/£¥ AD

/5. f/\F YA/VE BC

/Y08 /YO Y./04 BD

./+4¥Y Y/\4 YV/8\ CD

o/eYYY¥ 7/FA A7 A2

YIS Y/ A Y¥/0¥ B2

/e DY \./%- \YF/AY c?

AT §/+Y V+/AO D?

v ()
33
4 =]
e C
AFIO | 2, 4 3 _
3 3 g
% 3o f
H g Ve Eﬁﬁ:‘
% LA - =y O E
: ENR
3 .
4:3 5 T o E
a -~ Y+ 3 g
b/ b | E ]
o6 3 ]
] [ |
Y
fY
I I I I I I I I I I
YYid HAIAF YYny AFIOY AF/AF -YI¥y -1N¥ ¥ \IFY YiFd

2y ol (wag (y30) owilen3l oud Jlo i polis

A

#33 omt Jho sl Ly s o Szl e () o) Jua ualie o 2 La5T Ly slis () Y IS

sholse Si>



V4 Vooled Pl ol S 5 O oo Sl asliad

adllas 6l 2o > pmel il 5 ama s gl Sl 235k G, 2 ol sl e S
e Gl a3k s s adlbaesyse sla i sl 25k 65, 2D sC B A) ol cb le
sl b K J\J‘NJQ(YJJS.&L&\LA)MM; Y USe g as g bcwlas ool oLas ¥ JSCs 5o G

Dlis o ey iitls Gl Bt e 00 S Gabte Gl e sy p S8 ams lgie (O) 5 ()
g ol ol e i Bl (203, el Gl a3l s
ay
AL
3
3 \1 P2
3,
A
9
_'_"_;M\M-
£V
A S S S A S

(mE/L) gl oyl cdale (mMin) &gl b oyl (g/L) oil> 330 pH

Sl 235k 6oy ol sladele (Kl Ll Y U5

M
Ve
“ o
3 } sy
Ee) R}
oy
¥

) CBle el slie s © ol 0l 5 il 53 () e Sk ohite 1555, G o el il i —F S
SO OIL) O3l 5es ol slie L3 S e clsle 5 pH (0) (V) PH 5 (Fe MO/L) 5k ot

(F min) &0l 3 ol

elond 03551 ¥ Jsam 55 o] s 45 conlonz ol ooyl (ot Aslae s L sltaas



S Gl S s

| Uas| ok snlin HERPH Sl b ol Shphse chls oolad
(%) sl N3 pH (g/L) (min) (mg/L) s
V/NY YN0 Y5/t8 \f \/0 q \0 \
2 A8/VY AF/AY \- ¥/0 v Y0 \
f/FY FV/8Y V- /YO y ¥/0 Y Yo ¥

e sty ) ol gt b 6l ol s
355 il ams ot pll ag Ll s 5 )
B JJA .L_my bv\_wa’.uw L;\J’KJJ s_;v\:- )\.,\.a.a \4‘ L’ﬁ)';'

ols g .L;\Jw

a1yl 5 s
b ol ol G kol 1K, G ¢l

Sl b e aig olie 4 olaws 3laaig 5 (bl
53,50 0 Jsdar L3 3learg el sl ol G,

ot 15855 B anr Tl s fely e 5 b el gy palie -0 Joo

() [Uas sslis ot ol 55 ol b ol shpkss chle
oA oA (g/L) (min) (mg/L)
\/¥Y 0/5¥ 47/AY ¥ A Y-

o2 il e J S BB ol s Gl vy ol
S0 2 ok ste Cd )y P93 4—~f~§—--—-é=->

Sl 55 O soa oIS
t 1 1
—=——7+—t )
q kzqe qe
Ceway b blis 5o t/q Hls g0 3l P93 Az i dlslae
2 0 S e) ) 2 s e St ol Ko ]
s gad dblis sl 5 ot 2 b 51 Ka 5 Qe sl o (423

(Beltrame et al., 2018) x5 5i oo oy

Sl 50 5 asllas
J-215) VAP EEIWINEIS PRt 6&.‘\:{;}4; aallbs < 5
A oy aS,UJJf Dldis e L ‘_;i,,a\_;i;f; u'\—"\
(AH) slwlead sl o3l sz &le il byl

(AS®) >)lastiel 5,581 5 (AG®) s lwslimnl 5131 5551

ol St adlllas

I &12“ R TGN LR CA L 'S W g;.\u')‘ sl
Sl sl as 0 St dblae Hlasla ol | ol g5 o
e sl a8 pes a8 e St Abslae 5 dals o b
P SC S VY VSR - S SUVPS 8 W EY W PR A
gl g sty i 3l s G2y, by
S8l e ) e Kt ol a4 S u
B A -“Jgs‘ oslinnl 358 s o5l by ol st
g ool Gl 5 &)k Jsl 45 e St

it ()
2.303

A bl saiode sl St (b5 0 8 e) e 50
ol Ky s Dol s 5o 5t ey s O3 rﬁ
Sz 2 b Lol e (4ids) Jyl a0 S

In@Q, —q) =Inq, -

Saige o U e 53 1IN (Qerq) Ll sa o 51 K1 o Lo



AR

258 o deelme s )y 5 b 5l 58 AGY Sl -v\»’a.j@
AG®° =AH° -T AS° ()
s 0sly Lt o3 5 Sl 4 o der S 0 IS s
2 de Satte Sl s 5l ssslcamssy Sledlbl ool
St aalllas 45 5505 flgie Wb ol sus &1 8 Jpus
Solwdia 5 b 5l o i Gl O
2 hohie Ol Sealusge i bl awacal e asie a1l 5
Ot V s 5o ool el Sl oslal o)l Sl (5,
oda Al el sdal V o 55 4S5 bolea il ool
e 3l ey Sslize GO (3 pam e (LIS,
S Som P92 As p St

\
(a)
y=-0.27x+0.37
o R*=0.88
-
-~ .
T
g e
7]
=)
- ..
Y- .
Y
Y A\ 4 A \+ Y
t (min)

Vooled Pl ol S 5 O e Sl aslihad

.,\J}wda Mbu J") b\}) )\ oslaz \; AS° 9 AH®° jb\.ﬂ.&
{(Daoud et al., 2017)

nK, =257 _AH” )
R RT
q
K, =Je )
Ce

2das MYVE) s Sl el =R Luly, ol s

5 2 e Joboe Sl m a5 =T (S e
(25 2 A Ke
Jskome 53 bl oaladly e ¢ 8 1 p S b o
G b N AS 5 A slie ol 2 0 8 e o
5ot oo S UT Jla 55 1N Ko s s g o
Cewddy il o 5550 Slages o dsles lase 51 o 2

O3 (g, sddds u-‘-j Sl o

®)y = 0.1997x + 0.0653
v R2=10.9995
[
= .
.
V- .
'
Y q Y
t (min)

P33 a0 ded Cda Seitew (0) (S 45 0 408 o Kt (a) :0Vsle (5lu s Jlssei -0 IS0

IS s shokie Cla s ol (b St Staed 5 Sl il —F Jsan

e b el S 59
/SYNE Ki )
Y/vY (ge)cal
P/AD (@e)ew
- /AAYY R?
KAk K2 £33 4
O/ \ (Qe)cal
¥/A0 (@o)ex
-/440 R?




B PR W K E S P Yy
oIS ) n shokae Cda s Sl e 5 ol 2 =V Joax
AG® AS® AH® 3
(Use ¢ Js3sk) (oS s 2 Js3) (Use st Ja3sk) (0n k) Lo
—F\4+/VA YA
—FAO\/AA £5/\\ \O/0N YA
—00VY/AA ¥AA
Y
v e
E .................................... ']
=
-
y - v =-1865.533x + 7.952
R2=0.0898
of e evy le.xy oo exy feer¥
T
G&a@:}p; duﬂ\JQMdIﬁI/T w‘ﬁlnkd‘#J‘b}aﬁ—? Ji.z
02 e > S8 ol I LYUSs 4 4 s S

Fooles 5l am g 4l ()5l Bl ss s O sol b sl
b iy, ol J glacole pus 5 4 a5 L aiss
Sl Jdoa ol oley Gl 3L aSs)sbay 5,8 s
s Y o3 U 855 slad Spe 5,00 4 sl
Do g Sy oAl
Gl do s (F IS2) Jolme clale 2] 351 L rizan
Sy o dm g 458 cnl Ol Lzl b e malS
SV P | EE| YO WV CONIIN Y S CORCN -1 g CH [
Cdxr b6 g S ol b o i e oS Kyl
S U o ol L5 A ao s Ll ol e
s Ooleay aal wilg e S, al slachle
NI U iy N FOVN VG TS NG PG S P
Gl oS Johons S5 SISV 5e & e Sl o

P ke as e ot ¥ Jsar Lo sas &l s
2l e o /0 3l maS ead L)) 2o ax 5o Joe sl » value
el s 5 sa s w) S a8 apLs uS
Jae R 5 R pslie .yl tesien 1 ALty Lo
T R C v PRt VA TR T I VAN f\V RN 35 P Y
Jae a8 s oo ol bl o el S 5 e
el s 5l L;b\fh&e.hﬂ el s sl skl
claosls U 1K, Gls ol is </AFAS Clis
Ssdige odls i 5 2L
Jde aes oo plzs aS s VA/VE Jus a6l 4 F
b sl el ol ol 5o ol Sl e WS b
D? , C2 A% 43 as 5 b wl,l sl aas D 5C B A

s Jae sasle bl BC LaShle bl s



Yy

GalS o O3l e e oida 5L 5 Ghodae e
02 Lls Jdoay o)l i e shipdie Glag s
0557 sl b xlgi g 053 Skl ;5 OH slaey 3
sl S5a,a Kam shokae Jlal 5352505 555
Tengong et ) s3—w sl 1, 455, Gla Jos 5 4l
.(al., 2010; Mona et al., 2011

45 o At SWolae Sl Gl St dolae s )5
it onl Lol ealan ) pps g e 4 5 Ul
e oz P9 A5 o A St dolas a8
5T 651 s Jolt od (Salin s 5 sla el
SRR QR ] IYCH VP S | I CH OO 4
ol sl o g e 5 S 251 6530 005 ke
dil e ol )3 o SL S 5 oo an s sais
Rahdar et al., 2018; Sharifi & Shoja, 2018; Rahimi )
etal., 2018

b iy 4S5 S S e Olsie cnlgn
5 LomlsT 5 bansa 008 oS 5o w8 g, (oales]
5 algoslasa b uize Jlize Gl 51 (s b orizan
50l e (SO K plsea Kly e ep 0 IS
solizal 5550 o s o 51 Hhkie Ky Gl s 1K
RS

ool 090 ol

-Aksu, Z., 2005. Application of biosorption for the
removal of organic pollutants: a review. Process
Biotechnology, 40: 997-1026.

-Asfaram, A., Ghaedi, M., Yousefi, F. and Dastkhoon,
M., 2016. Experimental design and modeling of
ultrasound assisted simultaneous adsorption of
cationic dyes onto ZnS: Mn-NPs-AC from binary
mixture, Ultrasonics Sonochemistry, 33: 77-89.

-Azad, F.N., Ghaedi, M., Dashtian, K., Hajati, S. and
Pezeshkpour, V., 2016. Ultrasonically assisted
hydrothermal synthesis of activated carbon—-HKUST-
1-MOF hybrid for efficient simultaneous ultrasound-
assisted removal of ternary organic dyes and
antibacterial investigation: Taguchi optimization,
Ultrasonics Sonochemistry, 31: 383-393.

-Abechi, S. E., Gimba, C. E., uziaru, A., Ndukwe, I. G.
(2006). Comparative studies on adsorption of

Vool FF s il al SES 5 G ke Sl aslilas

(Rahdar & Ahmadi, 2017

Taherkhani et al., 2015; ) c—.! [.5 Gl o) ol e

ol S, Bde a o (O3l e il
Loats Jlal 5 JB el [l 3l Jdoa oS ol
Gl ol SSosb 4 aal o O3 lude 2l
25 kb ol Bl O3l e 311G WIS, (ol
e 53 g alea s 53 (6 i pde sbplSe
5 Jl ol gy SBL s & Vil 3l S
Al 1 Bl a3 O3l e s gl
.(Bazarafshan, 2017; Khoshnamvand et al., 2017)

e s dolos 2l bl o0 L5 ¥ 1S s s
5 S B8 pken 3ot ga oss Slaser Do 4 O3l
Ky VL cdle s o3l Ol 28l oly o S
PREUREIN SR NNV PE ST S SLIS Ry e ﬁ\*
bl Cds a oy adle il ﬁ\* R
RPNV S

PH il by K Gl 6l Jubl oo siege
el e b e 55l 4 e Sl PH i .ol
NS AU Gl Sk )y s
Ky G ol il Lot ¥ S s &S (6 5boles
olas adlllas ol 51 Lol C.\..J RGN PO PR o] IPVR ALY
ceb A LY sl ol Gl g Laose pH Ol oi o8 Jas o
Lu s shohae Gla i Bla ao)s ol L2l
ok oo o (REAOX) uSos, 281y Moa oIS
S Y JUR U W { Y W I W PP I WO
)58 s O pPH )3l L v\—w\-*@ IS 53 39250
wd; VU 550 Jokoe 55 oS0 g o ee canlllas
5 S 3l gy O3l i s s i e el ol
o Ol 5 eady s Ol o ke Dl icnla
b 6‘)“ “SJ-LULM 3\3) o g;g‘::Li'—M‘ﬁj&” sl
Cda ol Jbsa 5 Ll 3l o5l CL’M PRS- PR
2 de ol s il alie ol 58 K
Slag s db st o5l S mhan o said 5 (ol sLapH
Lo om Sl S anls Joay &Sl o gy



S Gl S s

Research, 1: 21-8.

-Mall, I. D., Srivastava, V. C., Agarwal, N. K. and
Mishra, .M., 2005. Removal of congo red from
aqueous solution by bagasse fly ash and activated
carbon: Kinetic study and equilibrium isotherm
analyses. Chemosphere, 61: 492-501.

-Mona, S., Kaushik, A. and Kaushik, C.P., 2011. Waste
biomass of Nostoc linckia as adsorbent of crystal
violet dye: Optimization based on statistical model.
International Biodeterioration & Biodegradation, 65:
513-521.

-Narbatiz, R.M., Drost, R.L., Frenandes, L. and Ball, D.,
1997. Process for treatment of kraft mill effluent.
Water Science and Technology, 35(2-3): 283-290.

-Ong, S.T., Keng, P.S., Chong A.W., Lee S.L. and Hung,
Y.T., 2010. Tartaric Acid Modified Rice Hull as a
Sorbent for Methylene Blue Removal. American
Journal of Environmental Sciences, 6(3): 244-248.

-Ozacar, M. and Sengil, A.1., 2005. Adsorption of metal
complex dyes from aqueous solutions by pine
sawdust. Bioresource Technology, 96: 791-95.

-Ponnusami, V., Vikram, S. and Srivastava, S., 2008.
Guava (Psidium guajava) leaf powder: Novel
adsorbent for removal of methylene blue from
aqueous solutions. Journal of Hazardous Materials,
152(1):276-286.

-Rahdar, S. and Ahmadi, S., 2017. Removal of phenol
and aniline from aqueous solutions by using
adsorption on to Pistacia terebinthus: study of
adsorption isotherm and kinetics. Journal of health
research in community, 2(4): 35-45.

-Rahdar, S., Samani, S. and Ahmadi, S., 2018. Efficiency
of Arachis hypogaea Ash in Aniline Adsorption from
Aqueous Solution: A Thermodynamic and Kinetic
Study. Journal of Health Research in Community,
3(4): 21-32.

-Rahimi, A., Hamzeh, Y., Abdolkhani, A., Hejazi, S. and
Izadyar, S., 2018. The use of lignocellulosic waste of
rice straw for textile dyes adsorption. Iranian Journal
of Wood and Paper Industries, 9(3): 397-409.

-Roohbakhsh Bidaei, M., Azadfallah, M. and Yarahmadi,
R., 2018. Adsorption of rhodamine B dye with
activated carbon prepared from beech wood, 289
Iranian Journal of Wood and Paper Science Research,
33(2): 280-289.

-Shafiabadi, M., Dashti, A., Tayebi, H.A., 2016.
Removal of Hg (Il) from aqueous solution using
polypyrrole/SBA-15 nanocomposite: Experimental
and modeling. Synthetic Metals, 212:154-160.

-Sharifi Pajaie, H. and Taghizadeh, M., 2015. Statistical
Optimization for Production of Light Olefins in a
Fluidized-Bed Reactor, Chemical Engineering &
Technology, 38(5): 931-940.

YY

methylene blue by sawdust and walnut shells carbon
coated by ZnO, Science World Journal, 1(1): 33-35.

-Batzias, F.A. and Sidiras, D.K., 2007. Simulation of dye
adsorption by beech sawdust as affected by pH.
Journal of Hazardous Materials, 141(3): 668-679.

-Bazrafshan, E., Zarei, A.A., Nadi, H. and Zazouli, M.A.,
2014. Adsorptive removal of methyl orange and
reactive red 198 dyes by Moringa Peregrina ash.
Indian Journal of Chemical Technology, 21(2): 105-
113.

-Bazarafshan, E., 2017. Efficiency of combined
processes of coagulation and modified activated
bentonite with sodium hydroxide as a biosorbent in
the final treatment of leachate: kinetics and
thermodynamics. Journal of health research in
community, 3(3):6-17.

-Beltrame, K.K., Cazetta, A.L., de Souza, P.S.C.,
Spessato, L., Silva, T. L. and Almeida, V. C., 2018.
Adsorption of caffeine on mesoporous activated
carbon fibers prepared from pineapple plant leaves.
Ecotoxicology and Environmental Safety, 147: 64—
71.

-Daoud, M., Benturki, O., Kecira, Z., Girods, P. and
Donnot, A., 2017. Removal of reactive dye
(BEZAKTIV Red S-MAX) from aqueous solution by
adsorption onto activated carbons prepared from date
palm rachis and jujube stones. Journal of Molecular
Liquids, 243: 799-809.

-Garg, V.K., Amita, M., Kumar, R. and Gupta, R., 2004.
Removal methylene blue from simulated wastewater
by adsorption using Indian Rosewood sawdust: a
timber industry waste, Dyes and Pigments, 63: 243—
50.

-Khoshnamvand, N., Ahmadi, S. and Mostafapour, F.K.,
2017. Kinetic and isotherm studies on ciprofloxacin
an adsorption using magnesium oxide nanoparticles.
Journal of Applied Pharmaceutical Science, 7(11):79-
83.

-Li, Y.H., Wang, S.G., Wei, J.Q., Zhang, X.F., Xu, C.L.,
Luan, Z.K., Wu, D.H. and Wei, B.Q., 2002. Lead
adsorption on carbon nanotubes. Chemical Physics
Letters, 357: 263-6.

-Liu, H., Yang, S., Ni, Y. (2007). Using dyes for
improving the optical properties of highly yield pulps.
Pulp & Paper Canada, 108 (10): 25-29.

-Lucas, M. and Peres, J., 2007. Degradation of Reactive
Black 5 by Fenton/UV and ferrioxalate/H202/solar
light process. Dyes and Pigments, 74: 622-29.

-Maleki, A., Daraei, H., Khodaei, F., Aghdam, K.B.,
Rezaee, R. and Naghizadeh, A., 2013. Investigation
of potato peel based bio-sorbent in reactive dye
removal: ANN modeling and GA optimization.
Journal of Advances in Environmental Health



Yo

2015. The optimization of aniline adsorption from
aqueous solutions by raw Bentonite and Bentonite
modified with cationic surfactants using the Taguchi
model. Scientific Journal of Hamadan University of
Medical Sciences and Health Services, 22(1): 55-64.

-Vargas, A.M.M., Cazetta, A.L., Kunita, M. H., Silva,
T.L. and Almeida, V.C., 2011. Adsorption of
methylene blue on activated carbon produced from
flamboyant pods (Delonix regia): Study of adsorption
isotherms and kinetic models, Chemical Engineering
Journal, 168: 722—730.

-Ziapour, A., Zare, A. and Bakhshi, M., 2018.
Application of Bagasse as adsorbent of acid orange 7
from aqueous solution. Iranian Journal of Wood and
Paper Science Research, 33(2): 244-255.

Vool FF s il al SES 5 G ke Sl aslilas

-Sharifi, S. H. and Shoja H., 2018. Optimization of
process variables by response surface methodology
for methylene blue dye removal using Spruce
sawdust/MgO nanobiocomposite. Journal of Water
and Environmental Nanotechnology, 3(2): 157-172.

-Sobhanardakani, S. and Zadipak, R., 2016. Removal of
methyl orange dye from aqueous solutions using
NiFe204 nanoparticles: equilibriun and kinetic study.
Iranian Journal of Health and Environment, 9(2):247-
58 (in Persian).

-Somasiri, W., Li, X., Ruan, W. and Jian, C., 2008.
Evaluation of the efficacy of upflow anaerobic sludge
blanket reactor in removal of colour and reduction of
COD in real textile wastewater. Bioresource
Technology, 99: 3692-99.

-Taherkhani, F., Leili, M., Azar, M.T. and Faradmal, J.,



Iranian Journal of Wood and Paper Science Research Vol. 34 No. (1)

Improving adsorption performance of sawdust by ultrasonic wave: Optimization
through response surface methodology, kinetic and thermodynamic studies

S.H. Sharifi'", S. Archin?and L. Aghanaghifar®

1*- Corresponding author, Assist. Prof., Wood and Paper Science Department, Faculty of Natural Resources, Sari Agricultural
Sciences and Natural Resource University Sari, Iran, Email: h.p.sharifi@sanru.ac.ir

2-M.Sc., graduate student, Wood and Paper Science Department, Faculty of Natural Resources, Sari Agricultural Sciences and
Natural Resource University Sari, Iran

3-Bachelor student, Wood and Paper Science Department, Faculty of Natural Resources, Sari Agricultural Sciences and
Natural Resource University Sari, Iran

Received: Dec., 2018 Accepted: Jan., 2019

Abstract

One of the most important sources of environmental pollution is dye from industrial
wastewater which is harmful for human health and environment. Therefore, the aim of this study
was to evaluate the removal potential of Methylene Blue (MB) dye from aqueous solutions by
saw dust modified using ultrasonic wave with response surface methodology. The batch
experiment was conducted to evaluate the effect of dye concentration, contact time, adsorbent
dosage and pH on dye removal from aqueous solution. Response surface methodology was
applied to appraise the effect of these different variables. The dye concentration in the solutions
was measured by spectrophotometer at the wavelength of 664 nm. The results showed that the
optimum parameter values for maximum color removal efficiency were: dye concentration 20
mg/L, reaction time 8 min, dose of adsorbent 4 g/L and pH=9. The Maximum and minimum dye
removal were obtained at 92.29 and 47.5 percent, respectively. Analysis of variances test showed
that the quadratic model was the best model to explain the interaction of variables. Based on
analysis of variance (ANOVA), the coefficient of correlation value (R =0.9116) was high,
showing that the experimental values fitted well with the predicted values. In addition, the
statistical analysis of the results indicated that in the range studied, dose of adsorbent and pH had
a significant effect on color removal efficiency. The Gibbs free energy and enthalpy data verified
its spontaneous and endothermic nature. In addition, survey of pseudo first and second order
kinetics models presented that the adsorption process was compatible to pseudo-second order
kinetics equation.

Keywords: Methylene blue dye, adsorption, ultrasonic wave, response surface methodology,
central composite design, Kinetic, thermodynamic.
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