[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

93 4l
Olrawd ) (S pole ol KLS1S alxo
MY_AYS OTAF 5o OF 090
=T s el 31 (RO16) V7 gyl gus 1 Ky b S (8 lwdug

Gl e 593 3 08kl b ol Mol U1 STLET ddly Lawgs
S ¢ 5733 3918 ¢ (S Lawg ¢ Oy T IS¢ W ol  driwus ¢ (2908 Olog Ylous

(B S
QFIVITD o b gy AFIVIA oy 3 31 4ol cdl 33 AF/FITF i2Mol Cagr otimg g5 & Ao Jloyl  AF/NF/F tallie ol 50

/ e..bS."\
SRk a4l 8 col wilsz ) ol (hime Cuy M Sl Dlay 5 o il )0 K5 9zg 1 daR g oo
sl le o aS cuwl oo bg, 5l (SO cwsd oly) slaodl sl eslaiwl 5 daw Lds w005 Bis
ladslre 5118 sl 551, Ky i waalllan ol alool 5l Bam il el 03,8 ol 355 a1 oob; Sl
Gl el haw bs, 5 ooliul b (CoHisCLNO) lS F pguigel au,dS b oot 3ol ol Kbkl adls bawgs

Al oo (Box-Behnken) S WSU Jow

A s s & atusalb Slilofl bt ool sy el alKilef] alllan Ky ik ol s 9 9lge
gl 29y 5l lialesl el (sl )8 plasl uled (lej 5 @dle Jlade oS5y e PH Jols e (slo ie
25,k Sy ol s LT 51t eslizal bnite ool Jlite Sl bl jstane & Box-Behnken Jas slice » ieuly
A oolawl eosls Jd=s g 4555 gl

Sl oy el PH 2alS b s dle e 5 wled ey Gl b de sleadl, aS ol ol b sbeasdly
Joleie R 5 (£A0IV) RZ oYL jluie 4y 4z g b il o 7YY 578+ cad i dh B oy 0 a8 5 (i iy oo
s by bl sl e ceslio brosls Jloxs (gl oty il Jow S g3 oo ey gl Joro 45 (134 /F) o
Sl e anlllas gloenie iS00 (et Sl S o S Jae ol plas (p<e /e ) Wb

59 lgi e 00 3ol plo KLl alus g wily 3o S5y Bdo (giludingy gl Wl oo oly s g 1 S A

Dgh 4185 IS 4 ) vkl

Sl Joe ool b sy on 2ol o, KldT aBle VF g5 5l 55T, K o axbaos i 1 gl slasls

Ol el bl (K35 psle olRals o (Sl 0aStils caome Colige (suigee (2590l 09,5 il -

Ol el el (St pole oAl « Sbiplr 0aSiils chame Culiligy (oo (g0l 09,5 st Y

Olnl el coylis (S pale olRidls blagy oaSiils dawme cblagy (65550 (gemidls Y

Olrl gl (ohasle (S pole ofals chazms Cudlagy (guwiigee 08 (ol )5 (gg2miils

Shplolsaly claaly (Ko pole oisls cweds olay )| wlaass 55 10 dase Clilage owiigs 53)'5,07 095 ey —0

Olnl el (bl (i3 psle olRails oetlagy cigles clagmme collagy (gutige 98| Ll )57 (Jsins o) -5
ghasemimehdi61@gmail.Com : Ssg mSIl o o+ VY FYYTEAVO 155,90 o VN YYYYYAVS - pals

-



https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

e 013 ST Bl b 5 T slad glows 51 (RO16) V8 551 5681y Ky (o i 5l AV ¥

oolainl 8 50 (lud Caio ;0 (rwg Ol 45 g Wlooys
2 550 09,8 1o V7 iyl 55T, S5, IVT 08 e 15
095 Olpre 4 (oo JSlglilaw 5 89095 (lsie
965550, w50 0058 b 4 ) ol el 9351,
TAD 598 oo ooliinl &5 g a5 el S5,

Sed sy Jed 5l il wihas slat,
OgelienST sla g, Sy slaghy, (i)
Wiy HgemlienST s, ($505 ) (alest
4 0508 9 ¥ 55195 9 SN (GBS 928 & o5 ki)
Sl 0,0 0925 mlio slacluy 51 K, Bdo jlaie
ozl jl eolinul (S5, Bl slo by, (nFsene
Locwlie @3l Jd (p)5 wdboe (v o2
Sy anye s a bl el 5y i gz YU Jeily
Wil s adp0 4y Ggyke golaidl Ll Sl s )ls po e
[a-n]

slodlr (8l ln ok B 3 sladle o
GoostaS waly Slge o Goytws LB g celio 50
a o, Skl oLS el 48,5 & g0 K5, Bl Cu
2 olpl 2 ol adg yalas Wl slge 51 (o lgie
o A ol e ) gl g o5l A7 YT L
039 ,LSB ;0 pSelS AV e o Slee bangio b S
alo Jolo o 5 ouiXd sle ol Y] e
axgi b g ol oo 1Y+ g LYY YA Ll 5w gl Kbl
L ond w85 ln ) oot 8 Sl 5 cnl Senl
V0] wilows Ol dos cpl slp Wl oage p K,
Iy

oS dlwg 0 1) by flie Sy i 1)K 9 Gong

23ols 18 gy 9550 S s Sl b a2l

doddio

9 S Gy (amex oanld ol oljes 4
ol JiS cuenl p p3l ol jo 65,5laS
OO Sgame dy ax gl b g 09 oo 00938l Cuyy lame
Sazme b3l g ahal Oj9p0 ol o el O mlie
Ol 3l el 00,5 gy ol Cuenl Bras slao]
b cais (s Caio ez (nlie il mlis
e @y g5l oz Cato (glug,lo o (5 5LudelS
OB WS 3)ly 51 555 aleard Slgo £55 5 B s
Doy sl oo sy e 45 (S5, sloasYT

&b ‘_;aeﬂ bl 5l sleed 6155, olge jga>
59 3985 5l 6 xS sl (ST adgi (50,8 gte (o
2 P pl Slogzge 59; » Coew Wby
Loy Jls 5 OOl aiar calises Glapinew 2,8
czge [355) Slge (rizen Sl azg 950 2SS
O9enlSidg il oday Ggp 4 e g odi) Slogge S pe
LY-F] 598 0 0 pdy slacT 5590551 jo 55

Cato ;0 d3K5) dlge Brae e 3l 51 (S
Oly () olge 5 Ve sgas dle o a5 cwl lus
oy 15, olge 1VD sgas 0] S o ST wlie
@ 3 g oz lad GYE (655, 50 plez 5o 0l
U oot Bl cus 5 (K olge 09500
ST oily aSTEl g5l Gl glaaias
o5 Bl Gl g 0nd g el LB ngdld
§ e i goD i (gl guST, glaaiws
S, syl 55T, sl [Pl Wgd o s opué

sl 5l Bran g Olul 605 sl wpbs)

WA Jlo v oybed ) F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

MO

3, s Ol Ylie

Ms B uol.‘> oolo )L\.o.a 9 sja) 4...]5‘ cdale ‘u..:l.o_v

e 095 9 Olgo
34 Cul alilegl aalllas Sy 3 o]
d=b (Sl eaSiisls oBislesl 5o g pas
ol ledl a8 s 51 5y a8 plul WWAY Ll [l jo
RPN LPPEUWIRVINW PYRVE R VLS SRWE N W P
el 00y )5 ags llTMerck oS i 51 a5 F pgigel
lro—b Jo—e,8 Slyl0 VF gl ST, S,
zo— Job s FAVIOY JsUgs 59 CooH17NsNaO1Ss
JoSUge sl [AlaCsl oo jiegil FA5 T oy SLe

ol oals ooly Hlas VSS9V 6l 55T, S,

(o] o Ao
s 1} /:‘B_ e D\._F’ONG
NaD 6‘\0/‘\_/3 S 4 ._f“_-——r‘!_._._/.oq-o
HO i Ry Sulfonic
Vinyl-sulfonic _ ik
/
he 24
3 /
J—MNH
o]

17 geissl 95y &Gy J3Tg0 Slislo — ) JCS

Golw i gl Qb)igt’.ﬂ adlo > cEle gy

aBlo lawl legs § Bio 5l liabl gl 0u0,8 ags
ol saal [0 e e SO sl ojlail 4 g 8,5 Sl
sboords 2ol (6l 0ad ool 18 o 5 ile ax o
NaOH Jgloo jo 1) canlo aBlus p,5 0 ¢ )lo,SolisT adle
g oosls JI3 5Ll ax o 0 asds Vo Sue a4 Vee gz
poisel  isn S92V 5 Joloe g
09 @ |) (C6H15CL2NO, 65% w/w Water) ..\J‘)lf

ol;@_‘b FES Y. 59 celw ¥ oo 9 6\-‘-"L') in.‘)u

s A s Al ead ol gl oS Gis s b
Swwd a3 e e il a p S e YV
2 &S s e ol Sea 5 Bazrafshan [V#]ass sl
S5l eslanal b VAA a8 ST, 5, i g4,
1AF sgux 1, S, Bas leaily wsls plol g wlasly
Lyl 28] Cews

liglesl >hb s eolinul 5,50 5 ] sl Jow
99, 45 abb oo (Response surface) wuwly mhaw (g,
00 date lp weoslal g anieeS ke wole
) ol slecaie Ko sl calize slaan ]
e Sz ool LT bl cllBa g
0 Lol (S e85 aige Ll sl 5 Bi> 2l 5o b
Sy S b ey % Ol 1y Ghey cnl S
(Box-Behnken) S WSL L 4 (Central composite)
A Jhaw wds o, Ken g Zazouli [YA] sls plol
gl Joo bang g0 055 dwgy g Jlb (05 alwges
g wols JI3 ) 5,50 Box-Behnken s, 5 b
oS Sl @bl Bld & ly o Joo a5 wsyy g
Lilps b gye o565 atug Glp g Gh> Ll b L
5 Ol Glgme dhl, GiSeey g xS (o>
S Ey0 155 gy bawgh A Jby 032 (e
DAl el 526 g o5 Jlows Jlsd 0,5 &

Slold a4 arsi b Gdo Gl pll 5l S Gl
plo oy adlhs sae g loysis o olo,Solisl oLS
Bl bawg Ol 51VF gl 551, K5y Bd> oyl
oolazwl b a5 F pouigel o IS b oo ol ole 3okl
Sl s Box-Behnken Jue sl uly gl (s,

Sley PH Jols 0T 3 5 5o Jiiew slo pate Jolise

WA Jlo v oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

e 013 AT Bl b 5 T slad glows 51 (RO16) \$ 551 5681y Ky (o D s laiingy AN

CodS abl oo Bolar glas € g X Jatuw slo eS8
O colpo ool b sl wim Joe dolee 3510
Adjusted R?) ouis Jolse R y0lie 5 R ool cows
D9 oduzmin Jow Jliel b el azd 5 )15 o550 0500
Sl o lagilel 4l Slaglesl >k 5l ax
Sad g ol 5 il ax 0 YO gles (s Jeo YO
9y s ele .uo T plol dids o g0 VY- LS
) Sl Jolome G35 Goybo Sl S 0,50 slacdile
aed ke ol e Ve LG o a8 e Vo)
el gl sle 5l esliiul Lo pH  edas ol
bl Jloy SG o 2enS g,000 a5 S 1S g 000
IS, g Pl e o g LIS g i3S
(nl5 ,9a8 cole) HANA-HIT90 SOl S
A ool
Ko lawg dwiged «uled Loy plesl 31 o
g Jlo (Gl g8 cslw) SIGMA-301 §gi sl
colw) DRAO00 jiegighy Sl oliws 3l oolawl
Jsb 53 Jsbws e i s (LT HACH 5 10
abl) g (V) Bis> leall,y g <818 FAF 2STas 790

[al W3S el )
Y(%):%xloo

(o]

S, el adale Co 3 ) adol clale Gy o] jo oS
b ge ouled 3l an Joloe 5o
A5 e Minitab 33l 5 liolel bl o
Bl o by Ul 5 \F ak.s SPSS
& 1o Jake 3,5 i o b (Oneway ANOVA)

oolaiwl Wosls Jdow g 45520 (6l o )lo cixe dans (Jlgie

Oley Do Gbl Sl am oS o0 )l He8 JB I o
i ds ¥ Do dy g atd Shaie Ol L) il (15T
A0k Saled 50 a5 SIS g e a0
Gyt 1y ons 2ol il g dids ke ST L 1) L3l
ol )8 sl ax,0 00 o el Y Soe 4y fal Ss
Iyl RS o0 5,8
Weog VO ) oles oy Jitane e )l
Gd o p S e VY 5 20 V) S5, cdale (addo
SV ) PH 5 Gl jo aF V0 5 Ve ) il e
Slp (V) o5 5 (+) Lwgie (+)) ol maw aw ;o ()
Lol 0,90 Sliole;l olaws .aye S bl ol
BOK- Joo (5,505 & b el s (g, 5 eolicn
N as 0o 8 pss N=2K(K-1)+C  akal; ;| Behnken
abais slaws C g o prie olows K iolej] diges slows
Slowil ol 4y oad (el Slialojl adlge (53550
slas 5l 6 Fel> Cum sl ool V Jgax jo Bi>
b pbnl Bola ©jyge 4 Slagles] Seetan
B Gliee 00iiS ks (bl S w0y Joo al o
Jie layesth o See lyie @ (b)) X,
Bl wops lp Eul gleprs IS e wile

@ R e iz pg S, Joae B (V) K

Iy vyl o @il Jitae sle piiis 3l onls & 50

Y =b,+Sb;X;+ShiX%+Sh;X;Xj+¢

o555 gl 51 e o 5l Gy it Y 51 0 o8

5 Bil B ol oo b slae 5l (o0 By (B> asy0)

SS9 pgd 4z (b ule ci g 4 A8

WA Jlo v oybed ) F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

MY

3, s Ol Ylie

.t
ol

Joe b oad el ki cov ol

o s a5 ub el 5 lasbiwl by, 4 Box-Behnken

ol 00 °‘>)3—‘ \ Jﬁ"\} o

Sl owyp slp 9 Kolmogorov-Smirnov  yge;!

ol oolaiwl Levene ¢ Bartlett ygo5l 5l la il g

ol

17 eisgl 51y &Gy S (5l Box-Behnken _sa; doltao o plovil (slo isloiT oIyl G il gulii — | fouts

wo,0) Y @3l 599) X4 wlei glej) X3 o> 3 audgl clilé) X o Lo
(B glonily (5 30 05 o (aindd o> (5 59 p 5 o PrXs ool
Y \- Yo Y. AR \
oy I\ Yo 7. Y Y
0o \- Yo 7. N Y
YA e Yo Yoo V) ¥
\id VO Yo e Y o
of e Y. 7. Y 4
yAa VO Yo 7. Y \4
70 e Yo ). Y A
v VO Yo ). Y q
Yo I\ \Y- 7. Y e
N Y- Yo 7 N )]
9. \e \Y- 7. Y \Y
Y- \e \Y- Yoo \s v
09 Y- Yo 7 N ¥
\n4 I\ Y. 7o \s 0
g I\ Yo Voo N \#
O\ e Y. e Y Vv
va e Y. Yoo Y A
AR e Y. 7. V) 4
Y VO Yo 7 V) Y.
Yo I\ Yo 7 V) A
A VO \Y- 7 Y Yy
Yy e \Y- Y- Y Yy
oy I\ Yo Y. \s Y
INd Y- Yo Y. Y Yo
O Y- \Y- 7 AR \i4
\n4 O Y. 7 N Yy

WA Jlo v oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

e 013 KT s Lo g7 T slad glows 31 (RO16) 18 551 5681y Ky gonas codr (8 ooy AVA

Y =57-19.25pH-7.08C+16.83T+6.33D

5 O ) e g gl glaadlh 4 4 L
4 Box-Behnken g, &0 K, Bd> ao,0 (o yieS
59az a5 dal Caws 412 g VY o)leds tolesl yo cus

sl 0353 YN 54

Ll 4y Jow dad o 5Lid ¥ Jgoo a4 (6 5b Lo

ke o5 Wb K s U 4 ey bl

Sl b gme akly e byls Locl p<e/e-)

oo Cawd &4y abaly 3.l

0@6}4&/0/&,@[@7@[.« g 15 gisgl sy )y Sl ey (Sl (haw gal Sho Jgww 5 o[y —F 9ol

P lade tlade 8 lailiw! slas eSS g o3l
<efee VEIOE \TARE ov ol g o
<efee SVNY VIVY BERI pH
ofe e RN \VIVY -V/-A C
<efee vy VIVY VEIAY T
ofee¥ Y5V VIVY gIvY D
N “YIVE Y/OA 0/0f pHx pH
IASY Y Y/OA - [£0 CxC
N3N -/ Y/OA VY =T
<[V —+IV¥ YIOA -1/ DxD
VAN V/EY Y/aA AN pHxC
YN SVYF Y/aA -f pHXT
IO\ - I8V Y/aA -Y pHxD
N2\ -/F) Y/aA VYO CxT
VAN SV/Y Y/AA RN CxD
NN AR Y/AA VYO TxD

(R®) s g =720

(adjusted R? Youds Joleio cpri’ G yo=724/%

Sl Cews 4 P>+/V0+ lade Kolmogorov-Smirnov
D Joges g oo anls atuly st a9 Jboys a5
5% eslodilo b uil)ly g Sl (28 (o2 12
PR gl omd (gl Wiy, Hlogei (nl )3 &SS9
Soged cnl jo esdoe a8 pdy ma ubyly g b
ol OB oS b G 8l eaisS (L o5 pols Wiy
3 oml)ly O3 Sl (B8 e 0gd i ons aBL

28 el Cews w4 Pe/ed a5 pl @ a5 L Levene

b sloJas 5l solital 5 Lo ileyl Jlos o

oz (o d)lo (S Slogrie slo)h 4 Jue Ll
oSk U Jb g moe5 slyle (Residual) owile 3L
Jits 5305, 51 oo 3l 5 @) cult il s oy
was oo ol b o8l gyl 8 0 ) jloges ol
Sl onile B 509y Jloyi sy 8l 1C 5 VA Jloges
odile Bl g Jloy o (Bl &5 ol 4 4z by
0l 1) bonibe b 09 Jbop (5,8 o cod 0dsd

ovsl el en b e Wl e

WA Jlo v oybed ) F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

A4

3, s Ol Ylie

odls plxil (Multicollinearity) oo ,s, o b2
WSl YU g, dsles Ky o bt er ST el
et S sloyesie (o &S ol (e
Joe R 5353l 3925 b ool (5o 5 3,05 3525 (VL
aS ol 0939 b K0 &ojle @ asls oYL Lael sl
Jo slo e Sils (Jg a0 Sl 4 cenlie e
Comdy als &5 (pl @ az g b adlb oo 5,0 e
Jiwwe sloxe 5l SO 2 sl (Condition Index)
o sh e 392y el el cavs 4 VOl xS
S50 g0 an s Jites sl iie

9 ) loged Ll a4 axg b ggerme 5o cnlpln
oo Joluie R g R 5l ool cows 0 polie cpuimen
Durbin- o)Ll cpess 5 ¥ Jga> o (Adjusted R%)
Jelos glp oo Ol Jaw e lei o Watson
Db oo casline aosls

a: Normal Probability Plot
99

90

50

Percent

10

-10 =3 0 5 10
Residual

c: Histogram

6 [

Frequency
EY

ZJ_r

0 . v . . . v

-75 -50 -25 00 25 50 75 10.0
Residual

L

Residual

Residual

o Sy N lagei 25digo anls laulyly (sslus
Ol odnlin Oy, el boaile Sb ML
P8 s (nl 53 (95 (ewgie wile sy, 435S e
2B g,y Jloged (nl jo 0sd oo aipndy 50 Sl 000
038 3,5 o, |, laoaile BL il 5,8 1L g oS
D9 o
lalas il ow,y slp Durbin-Watson g0
bwgs odd (gow Gy polie 5 (o8l polie G Doli)
ool )l ke (92 5 euds plaml ((ygems,S, Wolas
G VO dlols ,o wwel Cews 4 Y/V a5 Durbin-Watson
Sy balhas (o (e 929 pae (58 )lo 1,3 VIO
ol gz 905 eslitul g5, 5l Glgios g S9b oo
Sl g T ool sl 0¥ Sloghe 5 (Ko 23

(i gloyiin G (Shaed ooy Glp

b: Versus Fits

10 ry
°
5 ° °
° °
° °
ole Y e ©®
L . L
° o °
5 ° °
° °
-10
20 40 60 80 100
Fitted Value
d: Versus Order
10
5 A 7/
0 W.\‘Jf\ A
A N
-10

2 4 6 8 10 12 14 16 18 20 22 24 26
Observation Order

15 &8/ o) &5y S (Sl OM‘;«':q‘_ég)gdﬁo“jg&)éw’:g[ajr‘_;&cdb‘;g)ywjﬂ—f BILYY Y

WA Jlo v oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

e 013 KT s Lo g7 T slad glows 31 (RO16) 18 551 581y Ky oo codr (8l AY -

WOz bge el ) o e S e Ve BT

Ve B Y. 5l wles pley Slidl b Bds as o opl

ol 0 e SN0 B0 5l OOl 590 Al g aids

oads ool LIS Y loged jo a5 (g sblen Vgl

5551, K, Bl woyo a5 casly bl les e ol

e Ky cdale ldl g VY B Y I pH 2l LVE gyl
DataMeans
pH Concentration

704

60- .\

504 T,
®
E
6 30- T T T T T T
=y 3 7 11 20 60 100
© Time Dose
§ 0
=

60 /0

50' / ./-

404

30+ T T T T T T

30 75 120 5 10 15

3980 (3> 193 ¢ _pwlod Oloj Ty a9l clalé PH ) Ao (Sl piio Lawsi 15 o9l a5y &5y Sl oy 1uGlo I —F l390i

oles oloy PH slasste U aslllas ol o

Ol Sl il by L3 py 5 S5 gl il
Slye el 00ty alol WIE ¥ pggelay IS L oads ol
e bl Qb)i.’t;g Bl Jo gjslas wl;
Gt b s Lelse iz el oS wiily o ol
ol adllas )3 39800 (G558 S5 g Sl s
SSS) g5 5117 gl 9551, S5y &5 (pl b4z b
sl sleodls Gix g sl o it ,b sl)lo 5 Sl

St Glp a8 ¥ pagel WIS 5l sl e cuie L

=054

O35 85 sty 5l (S e slecdld o

2 el Slislesl (b 5l eolatwl wise ¢ ioles]
ohgy gl eslaul L sl ] ol adlas
Jgaz b Slislesl slass a5 o plil Box—Behnken
ol ST as Shge,0 el cas a4 islesl YY
Sl (D) Y0P 4 clasle] slaw wi s plol

ol 00gs pdo D g ]juﬁj :L:,.Lm.o as uﬁLGA

WA Jlo v oybed ) F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

AT

3, s Ol Ylie

Olealy lade )00 Vb Q3 L S5y e JsSse
o Sea g Tripathi [YV] 0gi o i 5, Bis
Ligs Box-Behnken g, L1, o51 &5, Bd> a0
8 asdllas 550 casls £ 5 Y uled (yleg ,o b 0,8
G ocelo ¥ ool jo ]y Bls veyo iy a5 wisls
LyAl 285 Cewsd

@ 0 e Sk Ve 5 S, Bl as e als
Sl S gl s bl & ) s S ke )
Olse s Sile 4 adl dlg e S5, o bl
Comd &Sl Jdo @ oy Lo slbadkle o cus
o ool o8 Jsloms S5, Cale 4y Gl Jlab o
olize S0 adllhs L a5 cul o5 Bi> wo)
Ivaylsls Slsspa

A 50 Ll L S, Bds vsje Ll Lo
slaws Gl 590 ol b as ail cde cpl 4 Wiy oo
S 5o Al e a8 Ll (55, i Jlb slacole
a5 sl adlae yo [V Wb oo il 0,8 13 K,
Brilliant Red 2BE X, B> (59, » o ,\Ken 4 Silva
BA> e do )0 AT Waw ) ai ol 4 Wols plol
Ol 3l 50l (dome Jlake b O3l 590 (ial33l b T,
Sy bl gl 05 o sloiis [¥Y] Wlese culs
Cixly g atwgn Olislel ware jo Gubss ol
slo S, Mol sladises L ol an (desorption)
g plowl oo laize (Gguw sanl ;o walise
Ole oo Box-Behnken g, slacosgass ¢ pioran
ey e 3 () 50 o)) mhae an o Gilesl pll o
ol e Gln a5 0p pb Qe St 5 93]

Sl aal3l 1 oligles] malan 5 olass wly JSie

IV RGN Iy W P 000 IR E S PR PR
5 Gl s, Bl 55, » s 5 Teng o5
powigel SlaS 5 oo pdlol gy dsgy bawgs 58
cdo Gll cel (b 4 Gl ouls 2L
a5l oSS, Gl tals 5 sl s,
b O (Selinls i8I adle (59,05 1, o e a5
swils Sel slKs, e ,b g wdlr maw Cute
Bi> 59, p a5 lasdllas ;5 v ol Sen g Xing [Y-]
poigel Sl L ook Mol pusS ol gy Sy
a S | 00 ol oS iz b b ldl ol
Ivy] wo 5 0wl b oS

Sl e slaysiSB G St 5l (S PH el
ol adlhe mls el 880 Cas anls a8
b oo il B> lewsly pH ralS L oS ols las
shls ale sloog S 0929 s & gl slapH o
S35 o 4 Ky e [l (SFONHC) e
Aoy il Caely g aiis oo il e iy 4l
Ramachandran .[Y£-Yo] sl céllas 5o 5 ONg
Vsl 5T, 5, B LS s e o Ses
8 i 290 obS S 5l AL Jbd 0n)S by |
85l Cawd A 1) S5, Bas gl PH o e g isls
s |y o] cde a8 5w cillas ol adllae b as
Ivsl el Jd oS abaw PHape isbo 4

Slopte 5l (S ol a wle pley S aels
el 0099 ABBS VY LYY 0 Lol Gadod o Jaiewe

095 p ol Sl Jdo 4 el pley aalid L

WA Jlo v oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

e 013 KT s Lo g7 T slad glons 31 (RO16) V8 5351 56581y Ky ondas ollr (5 jlvsigy AT Y

5 ) e 51 6,500 sleoan VT Gl s o 0
S & Celdge Djso 3 5 ey 390 pie SIS
OlFse atl bl o eizes 5 ad)S
Aol gy Gilesl (b (g, &5 0,8 (5 pS Az
Sl oy g 03 Slilesl 5 leaize 0,5 o5 0
Sl i Sy o ) bowilg e byaie Jlae
S ()b dly e s sl yesie
SI10y98 9 S

pole olRasls Blidod 35 0 5 (5 )9kd 5 Slindos Siglas
Sy 9 ol glacales b 4 Lb g oliile (alage

e Jos & o8 5 S5 o 5|

Jod BB oSlos 4 a4z L g alol> mls ulul 5

oSl Wil Ll bug 5, cwlie Bis
oS o3l G lse a1y Q3 nl Gle o eaiEdal
o ool apar o YL OIS L g anje
iz glgl Jl 0 b az 510,01 Ol 4 S (55l
Otz Jawgl dxie sl K, Bl g Lol
Sl Res glgl b jeie Lol w485 )15 ) 9590
Jolge B> ey jo s Shos 4 4295 b il
GVl ase 4 azgi LI 0,8 S8 w950 00tV
il @ wyiss oS (izmen 5 St slacdlr
slodle sle g L3 opl 5l colatwl w)lge el o

References

[1] Liu C-H, Wu J-S, Chiu H-C, Suen S-Y, Chu
KH. Removal of anionic reactive dyes from
water using anion exchange membranes as

adsorbers. Water Res 2007; 41(7): 1491-500.

[2] Atia AA, Donia AM, Al-Amrani WA.
Adsorption/desorption behavior of acid orange
10 on magnetic silica modified with amine

groups. Chem Eng J 2009; 150(1): 55-62.

[3] Singh KP, Gupta S, Singh AK, Sinha S.
Optimizing adsorption of crystal violet dye

from water by magnetic nanocomposite using

response surface modeling approach. J Hazard

Mater 2011; 186(2): 1462-73.

[4] Mohan SV, Rao NC, Karthikeyan J. Adsorptive
removal of direct azo dye from agueous phase
onto coal based sorbents: a kinetic and
mechanistic study. J Hazard Mater 2002;

B90(2): 189-204.

[5] Ahmad R, Kumar R. Adsorptive remova of
congo red dye from aqueous solution using bael
shell carbon. Appl Surf Sci 2010; 257(5): 1628-

33.

WA Jlo v oybed ) F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

AYY

3, s Ol Ylie

[6] Emami F, Tehrani-Bagha AR, Gharanjig K.
Influence of Operational Parameters on the
Decolorization of an Azo Reactive Dye (C.I.
Reactive Red 120) by Fenton Process. J Col i

Tech 2010; 4(1): 105-14.

[71 Ghaneian MT, Dehvari M, Taghavi M,
Amrollahi M, Jamshidi B. Application of
Pomegranate Seed Powder in the remova of
Reactive Red 198 dye from agueous solutions. J

Sh Health Sci 2012; 4(3): 45-55. [Farsi]

[8] Ghanbarian M, Mahvi AH, Nabizadeh R,
Saeedniya S. A PFilot Study of RO16
Discoloration and mineralization in textile
effluents using the nanophotocatalytic process.

Water J 2009; 20(1): 45-51. [Farsi]

[9] Kumar R, Ahmad R. Biosorption of hazardous
crystal violet dye from agueous solution onto
treated gingerwaste (TGW). Desalination 2011;

265(1): 112-8.

[10] Ahmad R. Studies on adsorption of crystal
violet dye from aqueous solution onto
coniferous pinus bark powder (CPBP). J

Hazard Mater 2009; 171(1): 767-73.

[11] Rafatullah M, Sulaiman O, Hashim R, Ahmad
A. Adsorption of methylene blue on low-cost
adsorbents: A review. J Hazard Mater 2010;

177(1): 70-80.

[12] Rashidi M, Rezadost S. Examination the
effects of the various leavels on the quantitative
and the qualitative charecteristics of irrigation
sunflower figures. lranian J Agric i 2005;

36(5): 1241-50. [Farsi]

[13] Chakraborty S, Chowdhury S, Saha PD.
Adsorption of Crystal Violet from agueous
solution onto NaOH-modified rice husk.

Carbohyd Polym 2011; 86(4): 1533-41.

[14] Mona S, Kaushik A, Kaushik CP. Waste
biomass of Nostoc linckia as adsorbent of
crystal  violet dye:Optimization based on
statistical model. Int Biodeter Biodegr 2011;

65(3): 513-21.

[15] Rassam G, Rangavar H, Taghiary HR, Taheri
A. Study on the Possibility of Using Sunflower
Stalk in Particleboard Production. Iranian J

Wood Pap Ind 2012; 2(2): 83-97.

[16] Gong R, Jin Y, Chen F, Chen J, Liu Z.
Enhanced malachite green removal from
aqueous solution by citric acid modified rice

straw. J Hazard Mater 2006; 137(2): 865-70.

[17] Bazrafshan E, Mostafapour FK, Barikbin B.
Decolorization of Reactive Red 198 by means
ofpistachio-nut shell ash. J Birj Uni Med ci

2012; 19(3): 266-76. [Farsi]

WA Jlo v oyl N F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

v 313, KT Bl w5 T slad b 31 (RO16) V5 o9 55, Ky ol i 6 3loting AYF

[18] Zolgharnein J, Shahmoradi A, Ghasemi JB.
Comparative study of Box—Behnken, central
composite, and Doehlert matrix for multivariate
optimization of Pb (II) adsorption onto Robinia
tree leaves. J Chemometrics 2013; 27(1): 12-

20.

[19] Zazouli MA, Veis F, Veis A. Modeing
Bisphenol A Removal from Aqueous Solution
by Activated Carbon and Eggshell. J Mazand
Univ Med Sci 2013; 23(Suppl-2): 129-38.

[Farsi]

[20] Teng SO, Keng P-S, Lee C-K. Basic and
Reactive Dyes Sorption Enhancement of Rice
Hull through Chemical Modification. Am J Appl

i 2010; 7(4): 447-52.

[21] Kumar A, Prasad B, Mishra M. Optimization
of process parameters for acrylonitrile removal
by a low-cost adsorbent using Box—Behnken

design. J Hazard Mater 2008; 150(1): 174-82.

[22] Zzazouli MA, Tilaki RAD, Safarpour M. Nitrate
Removal from Water by Nano zero Valent Iron
in the Presence and Absence of Ultraviolet
Light . J Mazand Univ Med Sci 2014; 24(113):

151-61. [Farsi]

[23] Xing X, Gao B-Y, Zhong Q-Q, Yue Q-Y, Li Q.
Sorption of nitrate onto amine-crosslinked

wheat straw: Characteristics, column sorption

and desorption properties. J Hazard Mater

2011; 186(1): 206-11.

[24] Wong SY, Tan YP, Abdullah AH, Ong ST.
The removal of basic and reactive dyes using
guartenised sugar cane bagasse. J Phy Sci 2009;

20(1): 59-74.

[25] Ong ST, Lee CK, Zainal Z. Removal of basic
and reactive dyes using ethylenediamine
modified rice hull. Bioresour Technol 2007;

98(15): 2792-9.

[26] Ramachandran P, Vairamuthu R, Ponnusamy
S. Adsorption isotherms, kinetics,
thermodynamics and desorption studies of
reactive orangel6 on activated carbon derived
from ananas comosus (l.) carbon arpn. J Eng

Appl Sci 2011; 6(11): 15-26.

[27] Ghasemi SM, Asgharnia HA, Karimyan K,
Adabi S. Adsorption of Basic Blue3 (BB3) dye
from aqueous solution by tartaric acid modified
sunflower stem: Kinetics and Equilibrium
studies . Intl Res J Appl Basic Sci 2015; 9(5):

686-94.

[28] Tripathi P, Srivastava VC, Kumar A.
Optimization of an azo dye batch adsorption
parameters using Box-Behnken design.

Desalination 2009; 249(3): 1273-9.

WA Jlo v oybed ) F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

AYD

3, s Ol Ylie

[29] Sales P, Magriotis ZM, Rossi MALS, Resende

RF, Nunes CA. Optimization by Response
Surface Methodology of the adsorption of
Coomassie Blue dye on natural and acid-treated
clays. J Environ Manage 2013; 130(1): 4107-

428.

Arthy M, Saravanakumar M. Isotherm
modeling, kinetic study and optimization of
batch parameters for effective removal of Acid
Blue 45 using tannery waste. J Mol Liq 2013;

187(1): 189-200.

[31] Tilaki RAD, Yousefi Z, Cherati JY, Ghasemi

SM. Eficiency Evaluation of Natura (Crude)
and Citric Acid Modified Rice Straw for
Removal of Pb (I1) From Aqueous Solutions. J
Mazand Univ Med Sci 2015; 24(120): 220-31.

[Farsi]

[32] Silva LGd, Ruggiero R, Gontijo PdM, Pinto

RB, Royer B, Lima EC, et a. Adsorption of
Brilliant Red 2BE dye from water solutions by
a chemicaly modified sugarcane bagasse

lignin. Chem Engin J 2011; 168(2): 620-8.

WA Jlo v oyl N F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.10.2.8
http://journal.rums.ac.ir/article-1-2468-en.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1394.14.10.2.8 ]

e 013, KT Bl o 5 T slad s 31 (RO16) 15 03 35, Ky oo i S oy AYF

Optimization of Dye Reactive Orange 16 (RO16) Adsor ption by M odified

Sunflower Stem Using Response Surface Method from Aqueous Solutions
A. Amouei’, H.A. Asgharnia?, K. Karimian®, Y. Mahdavi’, D. Balarak®, SM. Ghasemi®
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Background and Objective: Existence of dye in water resources and wastewater can cause the environmental
problems that must be removed from water. There has been some increase in the use of low-cost adsorbent
substances as sewage treatment over recent years. Therefore, the purpose of this study was to optimize dye
(RO16) remova from aqueous solutions by quarternary ammonium chloride (CgH15Cl,NO) modified sunflower
stem using Response Surface Method and Box—Behnken methods.

Materials and Methods: This is an experimental study. The batch experiment was conducted to evaluate the
effects of independent variables such as pH, dye concentration, dosage sorbent and contact time. Then
experimental, Response Surface and Box-Behnken methods were applied to appraise the effects of these
variables. One-way Analysis of variance (ANOV A) was applied for data analysis.

Results: The consequences showed that dye removal efficiency intensified by increasing the adsorbent dosage
and contact time and decreasing the pH and initial dye concentration. Maximum and the inimum of adsorption
rates were 90% and 21%, respectively. High value for R? (95.7%) and adjusted R? (90.6%) show that removal of
dye can be described by Response Surface Method. One-way ANOV A showed (p < 0.001) that linear model is
the best model for determining the interaction variables.

Conclusion: Response Surface Method can be useful for optimization the removal of dye and modified
sunflower stem can be used successfully for dye infiltration.

Key words: Adsorption, Dye reactive orange 16, Modified sunflower stem, Response surface method, Box—
Behnken model
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