[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

9y dlo
Ol ) (S y pole oS!y alxo
14481145 ATAD sl ND 093
b 89 bl™ S30 5! .,\;.1!)9 3 (s plo N ol oo &S5 bGi>
2 a0 O §d b oz Mol wanls ygab59s Cand G
C 2 105 ¢ wlodl doddes & Jlod P 31ga (5 W1 dnows ¢! (5 K b B

WK lin opdy  A0/11/8 tokimggi 3 adhol ol 33 40/1+/1Y 2ol Cagr ok g & o Jlosl  AO/T/VY 1o b 53

( a2
SLIs (e s ool o odle ol OB 3 ooliit il 5o (oleard Lo, 1BUB g 4o
oLsS plooy Dame ;3 0055 Sldgrge 1 (5 de Ol ST gkt adb s 5 (Rl 5 (ol S
316,950 (505wl d sl eslaiwl L o bplie S, Bis (g3lwaigy asdlas ool 5l Bus o)l agalss
Taguchi (s,Lal Jocs 5l 50,40 L o jmee i U ouiizdsl ol 5 ool U >l olio oML

D99
el 855 Spgo aisnl (5305 55Ty S g 48 95 (I tlej] g5 5l adllas (ol :La g 9 Slge
5920,5 gamasl Ve .l (American Society for Testing and Materias) ASTM o, laibwl S L
52z 590 oa ¥yl clalé iSly olay Jolt sl ¥ 5l s S 050 e s b T 3Ll
B8 1B ey 3590 TAQUCNT (b9, L-16 (oS 55 (S ils b SeS ay alitbeo o ¥ y5 4l pH
o Loosls 5JUT ays 5 csl s agils PEY zoms Jobo 45 ytagiby Sl 5l ool Ly a1 susle Ly clale

b plol (signal -to-noise) SIN )l dwloes g 48, S il lg 36T bl

PH a8 10 olas ol 5o sirlte S5, Giis aigy byl 5 dLaosls jJUT 5 Lol> bl 5L :asdl
) 9 el s a5 oy S IVl 95U 90 5 s s S ee 00 sa¥T Ayl clale Ve
oty Sy3me Jals oy 3 SIN (lsme 51 ol s olasl s 0 i, 155 78A 55, GBis o]y Lyl
g &S e ao, YA LPH & bgpe 138 568 5 7OVA b oles olos & by o 13l )l o0yt

A S So plsmean Wil e ool el Ly (50050 sl b as ol L aalllas (ol gl (g S At
il Fge (s OALSL Clay jlshihie cdale 2alS )0 goleriny

ool pg e Sl cololiie «(6595JBLT (G503 rguads” sWroly
§ Y,

Ol cOlaad Olten (S psle o8tils cobligy odStils can Sy (i 03,5 il -\
Ol S il Sl g Sl 5 (i psle ol oty losT a8 cdama cuiligy pwikign 45,1 Lulis 87 -
Ol ) Olias Oliasn Sz ke oBtsls S5,k ol 3 el Dlide S (3 smatnl 5 (e SUT 05,5 ltils ¥
Ol sl lonl iyl g (S psle ol bl odSiils (g ytils Slighnd 4 claes Sligy 51875 (gl -
Ol cOliad cOlaan (S psle o8tils (otlgy a3 cdamn Ctligy i 03,8 el ol )87 (U siun oy ) -0

s.3kbari 26@yah00.CoM : S35 Sl cmy ¢ Y81 00\ 5,55 0 YSXTFA Y 1 ils


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

e O3 AT B 3 (s mlio OB 1 kit K5y Bl ) - A7

b ol ol ocul abal 4 pglie slaoasY]
Jriliy a5 ol JuSg 00 JLS0ol, 0
Lo Sos T 5l ooy amizs 50 YL (gelipns]
o5 oanSa S S leeay o5 o] sl
Sy>90 polie g 53> slooa ¥ | 5 ls Silg3 oo
s e (Hy s Bis |y (ol sl o
ol SY¥gazme adsi 5 GglonnST (o5 >
3 Sl 0l d2lge slalusgase Ly ol opls
48 35 o 03958l sl ole S (6,95 5505
Slyeay Jsb Lo JUSal, sl 5 o5l 4y Ly
e 4 Gl @3 [P as o Jae cnJllS
S Ao a0 A8l i o bl pae
Wy S5 Gl g 2Bl e (oS 63358 I
L ol loy Sae g )3 ojlasl iadgl olgo g45 4
Wy yslis T 5o cl (S ] sl g
v]

o d mry—te Ol Sldgls e zen
YU o5y w5 odz cd )b VU 6 iy i Sy
TAD 59 soliial ol Mol (gl wilgs oo

S s0ged o Gladlas yo ), LSen 5 Asgari
a2 Sy 9 lSI (lssany el Sl oslai
aome 5o 9 S e il il Ay Segee wl
otel S oo n¥T i > o g o5l s 0,5 590
5 YUaN by 45 (5,500 oy o 18] 0l s
L s, S Sie 6l VoY Jlo o ol e
QS g0 L o bools i Sy el 5l oolar ]
O b plasl (6595051 (55051 il B 50 )

a8 leasily (e dBlS 0, LS 4 S cwl oud ools

doddlo

ol o as s glasa oVl sl ey > Laks,
au 1355, lgo 0529 g o 00l ot &
S P ol 3o as 195 3445 o5l poe e
s 4y e i S g s, Slae
55551 3 U 5 gl 5T 00y S5 o]
Sled o (oo Sl Sl g o0 S50 sL_aol
vl Slod oo 3,y G 3 Jazme 4y (6 3Ll e

S5 5 S (Methylene blue) ¢ L L
P ednS jebasas el gladlas Sl
olad () SE) 0 ,F e 51,8 soliil 50 mlio
e 45 00,5 o o |y iz Gl sbilile b
iz 50 ) @ mbol—r 5 ol o
sloul Gas Vel wlooi o Oliles> g Loyl
Lo, wpas 5o el ul (g i oloml S
ol o Coagas oo 5l LislS gagie o (Dlae

Doyl el X,

N :
'\\
[ :[ +

Hacf \CHE
V] boreto (J9Tg0 slibo - ) S
aum sla by, b gime LG 51 S5, Bl
Ciz (ol b (55155 i 5 (59T gm

LY=¥] el 5305l (6,95 4326 g ooxbaw

Sl P9y (S e sy iy (e wlailS]

oealS g s OBl jo Sy eusile S i >

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

Y-y

0y 5 ¢ K 0L 3

s ger 85 sl s \YAF Ju o o
) SO andsl eble ader i lise sla il )y
Vo) bed gloj «Gd oS (e B0 (Yo 1O
ol 355 (Ve A DY) PH (@B 10 N - D
Sypme (i) sy oS IV e ¥ /D e 1Y) suipd sl
Dl s 5 18 coyp
29300 5l o e 4 Jol ad> e 0o
x> A 59355 S el 4 )3 eadeslail
ol (V US2) o axs b g mlyb s s B -
g dlgiol b a5 oS iz Sl 55
ssbate an (S0 a8 05 () YL 50 4y 90 6yl
=97 S Al e i 4 (6,503 5 0l 9959
e Of o o5l ;e sy jedate 4 ad asle
99,9 Ao sl ) premts S 6525 2l 5o
9 ol Lagtolasl als plodl gzl i ]
09> S5 (Bl a3 Ve (gl jo [l 90 S,
Sl Jodore g o ools 1,8 celw ¥ oo a4 448
EUVIVRIE PRI JUFRIPUIE ST PRS
IS Ve 9 N0 N e B sl sl
PH 5 o0 ad S il Jodowo 51 aslyy) & )9—0any
Jboy S 09w 5 Soga) il jlosliiul L diges
25155 51 03l LS el g [Pl o Las
s> L COG-1A Jue il 525 oL ARDA
Al ool wl A g 8o o ;o] e B (699,9 (eS|
iegidg yiSwl jlesla Wl Ly S5, e lale g
oS 3l o g ()T je—iS el DR 5000)

5 5=l Gl 5l Jegls PAY e S 29— Jsb

S oo Gl glatamdle By basy 1) (505
Iv.]
ool sl sy, alozsl Taguehi (iolsjl b
g 9=dgs ol 8 5l laig el crul o8 4 s el
Sy lp st am a g L) Hlais e Ll 2
wils 04290 saiploml jiole;l ;51 > (o)
Jw o oS g Anbia [V V] ol o s
PRETEIRE-N NP (NP0 WP SV SRUEH U MR R
Taguchi ysg, 5 eoliwl b (ol Lo odoe 5l ogux
5 S Ll gl ool 8 aalllas 5,5,
5 e Ol L8 BA > 0wl ol (o as
C—wd a0 Taguehi g3l—wa g os, 2,5
e 3L a4z L DY T g g lulyo o0
o —Shoe o (>l bl ol S,
ol FEl—Slo; Pl g Lpp—ul)lg S

Adal Gy dar e 4 a5 5l 8 Wb ool

0L sl Ls il 50 (6ol Lo O e
Sp)S Gl ah i e S She g0l B
35 et Jis a3 S0 L g (Sofedem sloonl b
Gilwags Baa U addllae ol 10 VY] il ons
ol b 695000 (505 b bl S, Sl
L ol OB 5l o e Ol i L il

A plesl Taguchi s Ll Jow

L gy 9 dlgo

aS 05 A iolejl aslllae S aalllas ol

9 u] olf W iLo)‘ )é 4 9...;[; ( = ) g_))ﬁ_»od_v

S5 po—de oS _iile i ilagy caS_iils M5l

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

o 3 3 T2 53 (s mblis IS 31 bk Ky B 1+ AN

Memmert- ) G uSUlo)sS )0 ,55lSuws [0 ol S

a0 00 sl L (el j4i8 el JEB
DY w3 Aol cele ¥ a4 ol 5 il

3= olg—ean (Point of Zero Charge) pHpz
Yo laie ol s 95U Slvgas (pege
sae oy Jlayofo ) alab S Joloo 5 2o e
31 oolial L Jylomo PH 5 4 (5,5 sbes 0 o)
Olo 00,8 4 BRI VY LY o0game ;0 Sgus 5 Sl
LA Lag ) 51 olacS ;8 4 oty 31 05 10 ooy
ey b i 59y poelu Y o o lass 3
Sy (ol PH G (28,5 )18 4i8s 50 550 1Y
Slozms epH leslaiwl b g3lwcdlo 51w b))l
5lhase 5 eald (Ll jeiS el Jenway-4520)
alags L;’LQ” pH J_)‘).: 3 pH d._an‘ JJQLO.A )|~>9_o.: )
Salslas Jelge 23l rizren a8 aad el PHzRG
2 (Pl Jonidhes 8) JonSgy000 JSo0l) adgs )0
171 288 )8 (o 0)50 S5y Bl p0 aige bl

Bl 0, Sae oy o jodiin 4y Gudos ol jo
PS50 S5, Bl e aeieie s b ez dol el
5 A o o 0 a5 L o 2l ¥
oo 45|l V' Jgaz ,o Taguchi g, 4 &l slp Loyl

Lol zo—s Job () 55 el S (momie s

O

I sl i &Gy S 0 ooliinl 390 yo ) <Cilad —F JCS
i Dol

S8 b bagh Gudiod cpl )3 03lituld g0 sl diged
Ol Gl st Eud g3y ol 5 g Glnl 5o Bewgs 0331
3leolawl b g oads o, = ol ladiges (ol 00,5 dgs
Gandlo Ye-Fe g ojlail LASTM o lastin] slasd
L oaipdlsl g ol uoly oS 5 sl S L0
(X-Ray oSSl gy SiST 51 o jmin Sl 5
-F+ 2390 ,o Fluorescence Spectroscopy) XRD
Al ool loes oBiils o gax o Y-
e O 1) S 50 maseie Sl )5 VIO la|
Wlal Joloxo ay Jloyp ¥ oges yid oo ¥ s 0 J>
5 03Bgaipalily el 0,5 B0 an al> o y0 g 0D
158 el dKA-130) S bhwgy cels ) Sue
5950 Jodore Ly aids 5o j93 Ve ey L (Ol
Voo las Uy 58 40 sudlaz sl iy 8 bglike

3o g ol Sis el YT Coe 4 0l )8 sl az 0

2 ld M I by plaio Gy il yinlo 5T gyl (Sl oSG ilisko -glaw 9 4 [sT— ] k>

Fobw Yabe Ygbhe gbe oo g yalyly (1) Jole
Y. V0 Ve 0 (aiiBs) JSlg b Jol 4!yl
v VG eSeke YT el pgs el
v /o ¥ A () 395615 390 Py 4,1

) A ¥ v pH ke )

W48 Jlo VY 6Ll (VD oy


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

0y 5 ¢ K 0L 3

aS aidl hoos el @b Sl mls @8
3=l sl as (§) 51 e codle caid & jgoa
S 00,5 e ool wl g o oy o5 (N) Ll
o=l 00,5 e a3 4ol & js0a SN
az ;2 bl = SN (e o)l mne s ol

Iyl a0 ,5 Ol g - 35S

| 1 n s Level —i
Mon= M Lo T N
Factor —I —g, n; 124 N factor -1
]

9y a— phlsjl (b ol iy s,

V] BEDNY I ¥ U S B . "L16" Taguchi

(&

pl=dl |, S5 L, ¥ Lo Taguchi os, 4 (golpi—ion
L Lo lefl s (nfile Sl 50 5 b5
A bl 8 e Sy Minitab 16,15 3le
iy S F Y Jago > 008 at e BA_ >
I, Taguchi s ,Lel Jao L sais =1,k sla iolo;l

&yl J—ds sl Taguchi g, 50 oms o oL

Taguchi (b9, (wlo! 1 2lai IS S gl sbio <y S (Sl sirlojT >yl -1 ek

polez 4l po a1y p9s al,l Jol 4l o)m_

bl
Y A \- 0 )
AN O I Y
A N Y- I Y
\- <Y Y- 0 ¥
). < IY \e \ I\
A A 0 ). 14
0 <Y Yoo ). \4
Y <10 Y- ). A
I N ). VO q
Y <Y 0 VO 1.
). A Y- O )
A < IY Yoo VO \A¢
A <Y \- Y Wy
). N O Y. ¥
Y -IY Yoo Y- AN
0 A Y- Y- \#

ol bl pael Cawo @ 4880 VO age ploj s
Ll 5 el ol ead oSy iyl 5UT 51 ol
Sl yial b Jgl ol 50 IVING (e 4 o9 38,50

d 5 5 sl

A 5o il Gl plyea oy el axdllas ol o

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

e 33 3 T3 53 (s mlis BB I bk Ky Bd VY - -

)_||).1 SIN S Ay Jﬁ"\’ o IRWIRIN ul.m.s LS)LO—‘ ).JLJ
o Ve ol PH a Glie (wlal (ol aS cul Y/F
8 6, 3 Cuglel oy T e el ol el Cews
ool PHZPC 5 ¥ jloged ol p (izeen (285
BN as )#uw Al ey NRIAUA L)).:‘).s oMC)La‘
Jslgcs 15 00,5 adlal cuwl ouls ool (ylis ¥ loges
TAN 51 S5, Bds awo o Jline olgieds wad oo lonily

ol 00 ob)9—| A )|J5_o.§ O e u‘IH.; l.' o..\..i‘;C)La‘

wll eegs plgieds gl § 0 53 K, adgl cldale

B 89 Jae ol oy Sl g s S Sl
IN o b )Tl o 5 Dbl 1) 5 05 (oo
SOV 55, Lis mgns L 5 8 cale o YUY L,
N3 g Soaglyl yo S, i 4 g 18,5 Ll
Gyl ez plgieds CundBlS 550 iz polis 288
Jgoz 50 sasliawsts s olul 5 ab ad 5 La o
599 Ao odale 0 Y ol SIN ces b gl T ol ¥
po— oS 2 i oo S IV Gl a0 Q3L

G 285 sl LYNAY 55 e v b g (6,138,500

SINO a0 daaslmo 9 2 bai IS I gl shito <y Sid> Ol juo gurlis -1 gk

SINSibe SNy SNz SN2 SINL (DF glesily (D)) glowsily  hleT ojleus
YA YSIOF  YVISY  YAISY  YVIYA Ay 1 )
YAIYY YOEY  YAAY YY) YavY A ay Y
YAIAD YAAY ¥VARY O YAfY vary vs vy v
YA YA'ED  YARY  YA/NY  YavY 54 A ¥
Ya/vy YUY OYAYY  YANY  vavy Ay 3. 5
Ya/vs YUY OYAFY YAy YA/SY AQ qf 5
YAT'S YARY YV YAAY  YASY AD q. v
Vs YSIFD  YAAY  YOISY  YFF 54 Y A
YAV YAFO  TVAY YUY Yavy ay 1) q
YARY YAIRY  YAAY  YAYY  YA/SY ay 1f B
YA-Y YUY OYAYY O YOSY  YVISY AY Vo T
YA YAYY  YAF) YAAY  YEOY AA AY W
YAY YARY YA/ YOSY  YAvY ay 1) W
YAV YAIYD  YA/-Y  YAAY  YA/SY A ay ¥
YAIVE YUY YAAY YY) VSV ay AS 1
YAITS YUY OYVes YAYY  YEOf AA A Vs

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

RRR

OLKen 5 ¢ Ks OL

Al
-
’” i g
i an i
|
i ]
- - |
a
b
n 'l ! Ilﬁllh I"| | ! |
L 1 R AP T oy o
| Mo R Pl dugtda it bl

T = A% -l =) i

a1 T

o2 o Sy b oMol Lol § P ol XRD —£ /3405
(i DB diai y0 b o Ty S 40

& ’
.

sbaauld o a8 5 sla el )b 5l STy ol

5Ty s ol s bl 3505
by 5l (S b (Rl ST, i lead,
oS Sl (6,956 (S50l wl s hn eemlannsST]
SrRoSly oo & JouS jg0e JS00l) wl B cnl 5o
Oyg—odm Y szl s gelonnsT Jmuily
oley ,05 L aes o STy (JTolge b ol e
S JLSool) sloasss adgs cu ol w55
Ol oS a ST (sloassS (il Ll oo Gialisl
S gy JLSGl, Ly oa VT 2y 55 5 (ol

9 B> oo}l_, u,..u‘)JI (SRS 4_7Lu.v o9 J_!T‘SA p.%b.‘i

D0] 58,5 oo sbwl (2STy loas!,y sl
sl S5 adgl cale (AlEIL adlas cnl 5o
S oml) mdge ol b oo RalS i IS
S5, adgl cdale ol 8l L aS 88 o ()l o
JLo 03 o=l il os e 65515 50 ) slaeSdse
ol odg JeS 5,000 o JS0sly 5 (5 590 a5 e
=0 Ol Gk sl gt oo sleiniy B bl e

Sl— O3l 599 505 ol Uil Lo (50!

35
L
- ._/.'*\ . Sy 2hia
.'/ "\.__
y L3
r b
2 —
) e
_.-/ v
¥ ~
.
T T
¥ 5 I 5 ¥ T 1] 51 o
N
a e
& -
'_.--"'. -
/,,.f ' \._‘_\
—_ "\\r/

[l %1 L] iF 3 3 [ n

) S 4t 50 (5L yi0l sl SIN G g Lid — | 313505
sl IS I 3b o

1 1
—_— — L
10
i b
ol
G #
i 1 i
2 ¥
o
1 b l d 3 10 12 14

actd pll

29 oo O i b oSS! _punoll PHZPC pni -1 Jl907

1~
1z "

B ;

£ i " e
i y SO b
"
] A m 1a n
FEE TR Sl
" aw

S 0356y Jailigrs 7 NGOy 0kisly Oino w7~ s13505
CLl 45 10 Oloj PH=1+) lui NS I sl phiio T
CLle S g o /Y b 33 ) S A 00 Gy

(S0 ko 0 JIGOs ockirby

W48 Jlo VY 6Ll (VD oy

Oy S5 f}ua&m;‘u,,u


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

o 3 31 T2 53 (2l mbs OB 31 shhin Ky B 1) - Y

PYTOv WO VW) K VIR 3 (VWO S OUIPS SR g A
L8] )18 JS s om0 S0l b o5l alonsgay oo yuS
0,8 i VYO L ol eai Ml ealy pHZPC
ol g 5o el sloog 5 pHzee 5 SYLPH o
Swgiad Cools Gl cel ul 5 Wsd oo 415208
3logdes o3l STy S BN g (el slaog S
cel ol Jole slaog,S ol o yg,sSdl ols cows
ko g STy S8 i 5 03l J9Nge 4 (9 SN Jlik]
DIV 058 go sy grbans 5 JUab jlms SIS0, @ )
503 AU ez 3 G S 5 Bl Sl o
s kb, ol gliaegll 5l ooliial b andllS
(oaSg 0 JUSool; adgs Jds 4 aSTalh asine
035 (gl 5l iy LB PH 5o ) Bis oI5
JaS g 00 JUSGoly qls ol ol o [¥-] el
cld o g gole cdls jo il e STy yo LI
S9d oo 2 38 ST a3l Sl Jelge
STy S e JonS g 5000 sLoog S L
2 S g 4ol 2STy lgieds 1aSTy cnl 45 G o
o] 00,5 oo (i Jlab oS 5,000 sla 5201, oy
Jolse 9929 cde @ JBGol) oaily, Jelge jpa> 5o
L piiSTy 4 pol8 o3l Bl s 1 Salsloe
SnJBl o 5 39290 (aw JouS'g) 00 sloog S
Sy Sz o la STy Azl 40 5 99 waley
Slesle Bl LIS 5 048 0 Ji5e (Jled sla IS0,
s, 2Sly @bl il walys 2als lais jse
ISl kg asl p o p oo VX Yz b3l
4l o o e Vo0 P e b fSg 000

9 laalas ,o ol ,LSen o Rahmani [¥V] ol

Sy 452 5l (AU gads by DleS 5 gelanns]
aallas 3l soelewsan wlos VPl sl il
LYAA 5, 581, K5y By i, K 5 Moussavi
g2 e ST la Jliay S5l L nJBS 5503)
DY Gl oo 0l 1) sially cnl o 08 506

390 il LY Jlogas o ool Cowddy s bl
599 Oleli8l sl e il 8l S5 leadly g5 LSS
953558 (e colae Gl il el 45558
Sy Azl )0 g 99h 00 3l @i lp Jd glacals
235015 g 353 il n I3 oS 3,000 SIS0,
955 e am (K (659550 (5051 5o
s Y] sl aa ST Ll 8 g o sms Sy
LU iy 3 5o 5 QI anlllas 5 osalcewsay
S5z 5 poirngl ST il JBIS Clad py

Sl slas STzl ;0 09250 JouSg 000 sloeg 5

=305 Oledily 9 5956 590 o pdtiane bLS I (5518

DAl S o 0l 1,
=05 9=l 50 e eyl 5l s S
=505 Elppims )3 45 Cwl PH (5550
et 9 O3l 42 )0 ol G (Seal (5595001
L oiobajl ol jo 0)ls bl mhaw sla Sy
S0 bl ol b lae K5, Bas lewsly pH iol58l

FERNESRUEH J P UPR VO I W U RSP 1| LN

B> ) pellns ol ool 5 s (gl S|
Ao sleaily og Y L8 Lol b yo i )le s XS,
JESesly oy g pediiae o gn—lonST Jdo
Jeily, S g 5000 JLSG0I, [val el SS9 000
S5 bt oS 5 0ls o3l 1 YL GaelannS]

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

0y 5 ¢ K 0L 3

=

S S Axas

=0l as ol s asllas ol s
Jods @ i Dl b ol dol sy b (5595001
oo Juiliul el 5 K5, clale pals 1o YU lend],
Sl Soe Sy S Olsmean Wi oo armetany
ool uizred 0,5 108 oolaiul 8,90 lus OB
3Sbos 5 095 O3l ekl sy S 4y enisdlol
gz 3o )5 595Ul SO lyieas Wil oo 4z g5 LB
28,5 oolawl gyl a3
Soyad g i
S5 psle oSy (haghy Sislas ) allie nl (St

5 Sas JS gyl 5 b coles s & Glaes

Sylaly glsjad

ol s eami Mol el L VAA 5251, K5, i
Lol assges solaiwl Joligo 5 Salsle 5l 6505
b e )9l (S50l al B A Weges 118
ol il 5 95 o0 il S5l 35l (6 peRaitr
IVY] ol s pué oy gumlonnST o b 5o 5o
Sl 0o 0ol LES T jlog o5 0 a S (5,5 b len
Joe 2 L 3,15 5l pls ely Sl ovee Coond
Sl Sl cplaS cl a5 SIO2 o lows
Sloolawl L i 10 99590 S dunlio g ioles]
oSy saalin 0008 s o luiliwl slas, i
54>,0YF g V& a_>l o ooipol el jo o
oai yLid o juie ol yis 0 lailiwl &S Lo T dus L
0d— sl o jude Ol aliwgdy usly a5 cnl (ol

Dye] ol

References

[1] Wang J, Li C, Zhuang H, Zhang J. Photocatalytic
degradation of methylene blue and inactivation of
Gram-negative bacteria by TiO 2 nanoparticles in
aqueous suspension. Food Control 2013; 34(2):

372-7.

[2] 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.

[3] Mezohegyi G, van der Zee FP, Font J, Fortuny A,
Fabregat A. Towards advanced agueous dye
removal processes: a short review on the versatile
role of activated carbon. J Env Manag 2012; 102:

148-64.

[4] Ulson SMdAG, Bonilla KAS, de Souza AAU.
Removal of COD and color from hydrolyzed textile
azo dye by combined ozonation and biological

treatment. J hazard mater 2010; 179(1): 35-43.

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

o 3 31 T2 53 (s mblis OIS I sk Ky Bd 1) - F

[5] Akbari S, Ghanbari F, Moradi M. Bisphenol A
degradation in aqueous  solutions by
electrogenerated ferrous ion activated ozone,
hydrogen peroxide and persulfate: applying low
current density for oxidation mechanism. Chem

Eng J 2016; 294: 298-307.

[6] Asgari GH, Almasi H, Faradma J, Ghanbari F,
Darace Z, Akbari S. Optimization of catalytic
ozonation process for removal of Reactive Black 5
dye with bone char ash modified with magnesium
oxide by Taguchi experimenta design. J mazand

univ med sci 2015; 25(122): 41-8. [Farsi]

[7] Asgari Gh, Ramavandi B. study of phenol adsorption
from wastewater using pumic modified by Mg/Cu
bimetaliv particles. J health field 2014; 4(1): 1-4.

[Farsi]

[8] Moussavi Gh, Khavanin A, Alizadeh R. The
integration of ozonation catalyzed with
MgOnanocrystals and the biodegradation for the
remova of phenol from saline wastewater. Appl

Catal B-Environ 2010; 97(1): 160-9.

[9] Asgari Gh, Feradma J, Poormohammadi A,
Sadrnourmohamadi M, Akbari S.  Taguchi
optimization for the removal of high concentrations
of phenol from saline wastewater using electro-
Fenton process. Desalination Wat Treat 2016; 57:

27331-8.

[10] Yuan L, Shen J, Chen Z. Cataytic ozonation of p-

chloronitrobenzene over pumice-supported zinc

oxyhydroxide. Wat Sci Technol 2013; 68(8): 1895-

900.

[11] Ramavandi B, Asgari G, Faradma J, Sahebi S,
Roshani B. Abatement of Cr (VI) from wastewater
using a new adsorbent, cantaloupe peel: Taguchi
L 16 orthogonal array optimization. Korean J Chem

Eng 2014, 12: 1-8.

[12] Zolfaghari G, Esmaili-Sari A, Anbia M, Younes H,
Amirmahmoodi S, Ghafari-Nazari A. Taguchi
optimization approach for Pb (I1) and Hg (II)
removal from agueous solutions using modified
mesoporous carbon. J hazard mater 2011; 192(3):

1046-55.

[13] Moussavi Gh, Mahmoudi M. Degradation and
biodegradability improvement of the reactive red
198 azo dye using cataytic ozonation with

MgOnanocrystals. Chem Eng J 2009; 152(1): 1-7.

[14] Asgari G, Rahmani AR, Barjasteh Askari F, Godini
K. Catalytic ozonation of phenol using copper
coated pumice and zeolite as catalysts. J res health

ci 2012;12(2):93-7.

[15] Asgari G, Hoseinzadeh E, Taghavi M, Jafari J,
Sidmohammadi A. Removal of Reactive Black 5
from Aqueouse solution Using Catalytic Ozonation
Process with Bone Char. Jundishapur Sci Med J

2012; 2: 22-30. [Farsi]

[16] Pocostales P, Alvarez P, Beltran F. Catalytic

ozonation promoted by alumina-based catalysts for

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

AR

0y 5 ¢ K 0L 3

the remova of some pharmaceutical compounds

from water. Chem Eng J 2011, 168(3): 128-39.

[17] Rahmani AR, Asgari G, Samiee F. Evaluation of
Performance Cataytic Ozonation with Activated
Alumina in the Remova of Pentachlorophenol
from Aqueous Solutions and Study of the
Intermediates. Sci J Hamadan Univ Med 2013;

1(3): 77-85. [Farsi]

[18] Qi F, Xuc B. Influence of aluminum oxides surface
properties on catalyzedozonation of 2,4,6-
trichloroanisole. Sep Purif Technol 2009; 66(1):

405-10.

[19] Tehrani-Bagha A, Mahmoodi N, Menger F.

Degradation of a persistent organic dye from

colored textile wastewater by ozonation.

Desalination 2010; 260(1): 34-8.

[20] Erol F, Ozbelge TA. Catalytic ozonation with non-
polar bonded alumina phases for treatment of
aqueous dye solutions in a semi-batch reactor.

Chem Eng J 2009; 139(2): 272-83.

[21] zhai X, Chen Z, Zhao S, Wang H, Yang L.
Enhanced ozonation of dichloroacetic acid in
aqueous solution using nanometer ZnO powders. J

Env Sci 2010; 22(10): 1527-33.

[22] Rahmani A, Barjasteh Askari F, Asgari Gh Samadi
M. Degradation of reactive red 198 dye by catalytic
ozonation using pumice and copper coated pumice.

Fresen Environ Bull 2012; 21-9.

W48 Jlo VY 6Ll (VD oy

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.12.1.8
http://journal.rums.ac.ir/article-1-3242-en.html

[ Downloaded from journal.rums.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.17353165.1395.15.12.1.8 ]

e O3 AT B 3 (s mlio OB 1 kit Ky Bl V) - F

Removal of Methylene Blue Dye from Wastewater of Textile Industry in
Catalytic Ozonation Process by Pumice M odified by Magnesium Nitrate

Gh. Asgaril, S. Akbari?, J. Faradmal®, H. Almasi4, Z. Dar aee®
Received: 01/05/2016 Sent for Revision: 01/01/2017 Received Revised Manuscript: 28/01/2017 Accepted: 18/02/2017
Background and Objective: Chemical dyesused in thetextile wastewater besides having harmful

effect on the environment, have carcinogenic and mutagenic effects. Methylene blue has harmful
effect on living organisms in short period of exposure. The goa of this study was optimization of the
catalytic ozonation process by pumice modified by magnesium nitrate in removal of methylene blue
dye based on Taguchi statistical model.

Materials and Methods: In this experimental study ozonation process was in a batch ozonation
reactor. The prepared pumice was crushed and pulverized by standard ASTM (American Society for
Testing and Materials) sieves at range of 70 mesh, then modified by magnesium nitrate. Effective
factors such as reaction time, initial dye concentration, adsorbent dose, and initial pH at 4 different
levels were considered using an L-16 Taguchi method. Residual concentration of contaminants was
reed using a spectrophotometer at a wavelength of 663 nm. Analysis of data was performed using
one- way variance and calculation of S/N (signal- to- noise) rate.

Results: The results showed best conditions for removal dye were at contact time of 15 min, pH of
10, dye concentration of 50 mg/l,and adsorbent dosage of 0.7 g/L and efficiency of dye removal was
98%. Anaysis of variance results indicated that the reaction time was the most important variable
influencing the dye removal percentage with the contribution value of 51.8% and pH was the least
important variable influencing the dye removal with the contribution value of 3.8%

Conclusion: The results showed that ozonation process can be a selective method to reduce the
concentration of pollutants in textile wastewater effluent.
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