92 1333)9)8 Jo d)lasd (@33 § Cauy 2)9s ol (Sibjy eole slEiily (alc alas

(2395 5 31 23Ul b gl St (62 Ky 2 g0 Jolgs oy pr D
D.\aj} e “’:.« s «IUG )9@ ): & i"').é

4 . 3 z . 3% T . N L. 2, L1 . .
FoP S (SOl p el dl )l F s Lo CGkas 65 85

o) csSiby gl alSuishs oblo oSl o bl 89S (1
S oS (osSby ogle a3l s cblae 89S (2
Sliwp) csSubp pole aSuis) wedblng sxsuiih e bl 598 (3
Clowa sSubj ogle sl dblag s3Suil o cblag s9)S (4

91/8/13 : 2y a6 90/12/13 12l 55 g

o4
ol ol gl )3 e 5 3,15 5y Slogl nliond S5y S b oo g oo odlitl s golies 5 2K
Gl (AOP)azb ity cpsrslipns slosnl f 51 (o lsis 4 atid 95 2 39l s b UVIZNO s
85 )R (s 290 gk Olite

099 4 S 05 (gyuml) dtosal sk 4 o (BT sl > gy cul [ sy, g S
oS oSamgySae AXRD)X antl LiiS1y, i 5] oslitl b 505 s (sl A lomiao 59y 55)ly>
e b 15 5 gl Ko B ke (TEM) g i) seopyin  (SEM) iy
2 Foe Jelse b 5 <85 13 oaliiul 3j00 (6 SOy (e el S (b shyglem (Fpe y9 phegiBy S

CedlBlS Sle > il b Jole oS Saghy ul 5l Jols sl 4l ol dag B (slo 4l
J31) S5, 01258 agios ol Jole bl as e 4 Ly cbly oad s it (5 Gl 4y 2 g, dguS]
u‘ﬁﬁ)s.w 3950 L)M\JL (AW 9 7 )J‘)J pH Jel ]) Sy &;) u;).u..ul.w ‘CJL‘" J.Jl.o.: ..\4.195 uﬁlf b)‘.).:‘ L ‘) (Mﬁ),\&b
Crdn S0 Sy pilie yieS adol clale U135, cla Joloa 0l oylis 4885 120 oloj b 3> @pe yio (Slo p
Sl glis

5 3 S) P ) o3litanl b Slgiso s hete 135, 62 ) cdia] b gl 3 S sl 5 o
Gilels 9 bbb 4 5L wandBlS (0,8 o5 s 4 gy cpl ;30,5 plsl UV-C gy jouds )5 0l s
sl olio 131 5l e (50 S5y a0l plo (oo oo Jelse (il aine b ol b il (o3 )35
b el 5 S5

CanllS Capets eyt LT ¢y 3 (2395 eoly (ylito T SIS (W 0319

i) Ky ke oKl (il 0082005 lams Sl 05,5 [ gms 0o 68
Email: shams_lums@yahoo.com

®


www.SID.ir

0h5as g s30T )b pnad @l s -... Jidighd (395) ) sxlaim) b oy plais 51 ) 1 ¥¥gs Joloc )y

ey b GgnolinST Gl 9 (BB G2y
ole 5 lge 4 g omd ool JI bS5 )
(0F). ol onis g ylan wae (63l dos

4 Casl pSae (U5 AT 55 95
S 39y B A Gamilgw b odd Coui KB
208 03 ea b co 5 by cwe JBIS I enlazul
B (Globir 4 jl5 pas cle 4 (LU
F 8ol g oladl gy b 5> il ) an
ol eas glo b pgps 4 arg b (T)wcul
Sl g o plite Ky Blo )y «SegR
b adnd (59) 2 odd Can (55) ST (U g8
)8 )8 wyp dy90 UV-C g5y 5l edlal
W (99, 9 3190

ool Syo 2855 gl e S9K S,
5 sk oo ) ebewd YLl b gl
Jotr 5 Lojled S5 0 S5y Joslo ot
695 S 3ol sl o0 ool ot 1 ojlas
YL yel 96 S i 51 Guis ol )3 o3l 390
OiS ) G bl esliil b g 3 gyl 5 (oo
(Philips PNA-analytical o\%z.s)(XRD) X asdl
Gops Sl CSwgShe o diffractometer
(FEG Philips- CM 2000s5_:_s3)(TEM)
Sl a5 e gl S8 LAt
Tobaw A CoS (S5 gy gy S
4 dag L) luon Sl Lroad casdly s (gl aded
Colo 24 S 4y g 0 g (350 59551, o
dny 185 18 et S 9,00 1.0y3 50 Jglors 5
it e T i oo 4t scls 24
ol B 0jg oSSl e i
$9) ST S35 5l 80> 3 gpmilige dl s
J4e) i blio 3en (59) 5 4t
03j wie el wu e 4 (IKA-WERKERCTB
59> 3mST S ol 0.8 5900 (sl o 31
Sguwl gl plos 5l aids 30 e 4 (Jobo
50 wils, L (W 35-18 starsonic )
A5 odlaiwl G slgle zlael I cow 5imelS
gl ol 3 a8 103 3 gmmiliges ol ) uges
Py 55y oo o B ] 01 i K0S 1 SLels

-

CVRY-VY
Sl a5l (g3 (ogiae slo S,
(Swiels ¢ plus mluo ) 63 jokay &5 Wi
g Sty o sl dol)] dlge ( £Ld > Ols
Cawl 0045 u,o)l)f .).:)5 «° )1).9 oolaw! d)y90 u)b&
@ a5 050 32y (55b8 S5y e bas I i oS
S92y s JoSlo cuwlio Cu pas cle
S ol U 4 6555y 5 el alio oM
(Gl i bawgs pasets BB o2 ¥T o) S5,
Al oo b OB 1y 135K Alts (S i
b ol oM G s ol Sao s S,
SV) $95 Edlad 59y » o9 d—b LialS
2B {53l alS g 5 Slas > S 5]
gl Blge (Il (ol ol oddy (05
4 Cusl (S i o 9 5K 80 o Ol 08
w9 Sy cse g Bl ow bl (S8 el
g b ol j Sy Gl cas ol bsd o
AU lal 5 6908 Gl (5wl HSE
Jds 4 Sy ol cwl sl mlo ) wre g
(Se5Pon 45 4 polio ¢ o WL (39 Siilag)]
at] Lo StV g5 pmolignsS] slodi]
o I (alaygjISE j9—a s > pi b
S5y eS| g possS 5008 (63 paliisns o
claa s 5l ey J o LY Bl
g 90wl @bl e Yo J & el
4 9y wS] 0jgpel (Al w5 JE ols
¥ S5 it 5 0L (51 b
(P92 Jgloal o pie plend 5 6y (S2)
(B 58 CblB g (nblinng il glgel I (anmo


www.SID.ir

92 135)0)8 «Jol 2)Laid (@53 § Cauyy 0)9s

ol (Sibjy eole slEiily (alc alas

S ad el (alilef] bulud ) (adblS 5
@l e g e Ol okl b Jlejl oy
3y e 9 wdal ) S plie 4 () Jolee
Jotoms 5l cilieo Jloj Jiolsh 53 (s 45,5581,
o S ygo )by dges HeiSTy 5D dexge
o8 ) ey Sy e 6y ojl
s 2100-vis Jas) UV-Vis jregidg Syl
olis 2120C 3, (wlol p o5 s elial (5 el
Ol oy 5 ol Slilojl sl sla b,
SOy Bl doyd 9 SOl Lo dipad )3 )98 ol
SISy s Sy il sl (B)ass pasuis
Pl yiagls 63 pariSle cse oo o okt ol
2 iz Jelge 56 Gaios ol ) sl 08
s 4 s b el sl it (605, Azl
539 8.7 5 3)pH (3950uwWiem2 il i)
45 4035 yoxs vox- 10)s, adgl cdale (11
Gl e o b g (3 5 e ke 50
(3950pW/EmM2 o ¥+ ¥+ FAT - XBY+ XYY+ )oY
PH s (sl 35 gy 0 cilizee sl lsj 2
g ULN o I8 sl g o 208 90000
piY . oolatwl lJl cals 211 Hana g pH
9 A5 5SS AT ye dw Slinlejl den o Ewl S5 &
il g a8 (dly ol B Sl )l (ke
Olise Gl 0ad odlaiwl JuST 58l e 5 51 cle M|
2 Al 5l ool sl L (R)S,) Gis awyd
5 S5y adgl e bile 5l 5 CO a8 0 b 4 wlxo
Gy dg o jlada >d a0 S5y clale C
(9)- 1L (oo
R(%)=(C0-C)/C0%x100

CElESy Hgb & ond g 5 St b A ]
50 1 40 (sl ,> (DSL60) g3 5> § 39 oo isu
b oas aslis cels 6 cse 4 o5 slo a5 p
@508 50 ol 5l dw g N S al)] 4 s s
)y olS sl a5 110 lod o cels 1 @ns
a0 450 clod > el O Sde Ay o 2533 ,S
(Elctric Furance FT 1200055 ,» o5 b
o 9ily b b SUS Gl e g gulind jlada
oS Cads LSLQ Auld B AW )9 (TEB].?)S)

olye by 5 5as 03l iy casiivagll Jush b
58wy, Sue)SEM  islosl (7)esnss osliwl 905
@l 9 » (Leo 1455 VP g, (g
B Lype dind (89) 3 0Md Cul (5 eS|
Oyeo & UV-C sla oY gl i b cn i
Yok (6 o ol S5 Al yd ol D g VY
(0959 UVC-254  Ja o) couis olSums
29551y 35 ol )3 (2 ojled Jga2)- 0 (65 ol
SUe 0o b oIS (sl i Sl ooliial 590
Sy Gy K 4 & oad ale 1)
LMs| cqs (Heidolph pump drive 5001)
ol 8l o Jate 5581y (1900 53 Jole S
Q& Jol Cuomd &S 39y Iizme Cuand 9> gyl a5,
oAl Cut Sl Adid (185 )8 sl sy s
Olyie 4 &5 (Gdn Cod 5 S (g9l Jobre
Phb g b o g 58Ty (1918) Sgg e
P Y B O S 4w LSel & g ok
213 (2 o)l JSi).cuily 3939 o by oyled
Sl p jledlazal b gl plze liS) odbo g S

ol oie JoShe Gluogas .1 o jlond Joua

K,

M e cuMle ) g9

s b e Jgb

o o s MB

S

663

Jse 5319085 C16 H18 N3 CLS

Methylene blue


www.SID.ir

oh5as § 34T )b puaid Al O35 -... Ghiiyhs o33y )) estatwl b gly plale sp Gy 1 )ge Jaloe Ly

Hat

| CI; | !
Hyt A ‘ X S“\ i N‘\CHa
s N/‘f S

H

ob olate S5 (2 boww jUS L 1 o,lond S

w‘Y IR 9 daxs .2 b)loa.s Jg.\?

2030 pW/cm’ 1 (6w) lcem uv 6 w
2840 pW/cm’ 2 (12w) lcm uv-6w
3570 uW/cm’ 3 (18w) lcm uv 6w
3720 pW/cm® 4 (24w) 1Cm uv 6w
3950 pW/cm’ 5 (30w) lcm uv 6w

Sliy 3 oy & e j95T, .2 0 )lows JSU5

Slilejl sy K5y 38T 2D gunlio PH ppess
sl b 1149 8 753 Jols pH ko 6
20 5, adgl cdalecaa35120 90 60 30 pwlos
A gy UVC Y a8 5 g 1) )3 255 (e
o ol lis T S o bl oyl 51 Jols gl
2 ok olate SOy gl cale Sl s gl el
A NDN - XOX+ caliee glo cdale Wil S
wles sl oloj 5oyl 15 a5 e 50 4 YOF- ¥
50 (ame)? plp pH 5 423> 120 4 0NOK- 5+ Q-
ol 5l ol @l as oy UVC cwY sae
opl 9l oas a1y 8 oylais IS5 5 WUl
Olesly p Gl 05 b ) sglaie & Baos
FoYo VAT il mdaw O Slisbel (o p S,
3 @y yie ey Olgg,Sue 3990 4 YOV- XYY

®

AR5 sl AL
i Oy )l8 Dbl elate 4y B> oy
plsil ob plie S5y Blo g 4505 ) (495U g8
i lw cla suie o Cgs C8S
X aasl sl
S9SN GoSugSee 9 Sy (S SI] Swg e
iy w094 3 sl S5 s ool v,
lypgl SEM 5 TEM XRD S odins i

b gy asT @lpgl

hel 3—do0 ol plosl caa Sl o (g9 ]
ob e S5y Bl (3958 A013) UV g5 it
Ul Oud gg e e L UVC Y sae 5 L
60 30 15 Gabiseo b oy 5> 3950 pW/cm2
10 5 &) dilise sla clale o 4ids 120 5 90

or 5 PH o p e S e 40 5 20 15
LS‘)? Cawl 0l 021> OWGo)MN)ng


www.SID.ir

92 135)0)8 «Jol 2)Laid (@53 § Cauyy 0)9s el (i) eolc a8y (ke alas

2 Ul ol 5l Jols gl s plool (aige) 2 PH i, 55120 5 Yo 8- A Lolos clo le;
sl 05 et 9 0)las JS5 52 ojlad g 25 ke 25 (S5 adyl clals g (4t e

$95 SmeST 51,3956 X anidl LT, i 3 0 lond JSu

1000

800

600

Counts

400

200

10 2 » w5 60 o 6@
2 Theta

89 S S1,3930 (55008 (9 5 gSuwg ;S (s 4 2 Lo JSu

%5
==5mg/l ~W=10mg/l <A=15mg/l =>=20mg/l =*=40mg/l
5 20
3
2
1 15
9
D
J 10
S
5
0 = ; . . T
0 30 60 90 120
(4 oy

UV/ZNO giuansas b st oyl o5y Bl 3 558 5356 o, Loud JS0i5

@ wWWW.SID.ir


www.SID.ir

0h5as g s30T )b pnad @l s -... Jidighd (395) ) sxlaim) b oy plais 51 ) 1 ¥¥gs Joloc )y

100 -
90
80 -
70 -
60
50
40
30 -
20 -
10 -

(%) K, chda lexl,

\

=3 =fi=5 k=7 ==8 =j=0 =9=11

60 90 120
(8 g

UV/ZNO iwnes b sy ookt 5y il 3 PH T 70 o JS5

100 4
90
80
70
60
50
40 A
30
20
10
0

(%) Sy ada Gleni)

0

w
S

RGP T ) VIS J GRS JPAE F R, N— 7Y 8

60 90
(883 ol

-
s -
o

UVIZNO ol b sk olits 3 8 33 S eyl il 555 8 ol JSUS

100
90
80
70 A
60 A
50 A
40 -
30 A
20
10 A

(%) S,y <ada Gleil

)

e Y Yl YAY ¢ e YOV e VY 0 i YAY

o
w
o

60 90 120
(a2 g

UV/ZNO ingen b sl ool o5y Bl 3 il o 55 .9 ol JS5

o b g 23l (oo 2ol 00 51 oS aalllas (0l >
oo 3o 3 b o] J5dss 5e il 59y 05
& Ol s Jos jl dm s o2 g ol 8L
25 e b o bl g enis s (¢l 0395 <y

E 5 ol g S
wlyd il eoliel b S5y jials L dils
Gl dawg 4 gy gl hgy dle > |t JU 48
95N g8y SR)SEM g | ol ol

2 1 S350 ool 8 s ol (o

@ wWWW.SID.ir


www.SID.ir

92 135)0)8 «Jol 2)Laid (@53 § Cauyy 0)9s

ol (Sibjy eole slEiily (alc alas

5y Gls el ebol ol g el s3gr 4B
P ko 20 adgl clale L Legias ML 4y
2 9 on—be PHE1L 5 4885120 oy 9 20 o
Slor Jg el asl |y )y Gis a8 PH=3
b PH= 3 5 ) Gls e ol aseie 45 yobo
o el QBT pH 51 g axaly soljél &5 pH=T
oskes o3 (B)b jl g cusl o395 1S e Sl
oAb yudny S5y Bl il pH=11 & pH=9
b ooy Sy Bl s Ll e ol 5 el
ol 5 wgmoe PHELL (ol 483> 120 51 a8
A a4 JSgpan JB0N) aJg il PH
ol g ol g dos W i) 0
S g5 5 el S Lwily o5 b JIS0,
ol e 4y J5 (905 oo plonl (g5t oo |
s e 5, AL Gl (dly caslie oloj o
(203 99/5) )3 § cowl o 43,5 a5 )3 aad> 120
0dg pH=11(10,5 100)a; S35 Bis o33k pH=T
PH o (ol g laulpd (39 (oLl (6l iz o2
PH « K55 5 0390 8 Ly 2ls o Gl
2 Gp Sy sy cwlie pH (13)icul a5
P T Ly UVIZNO e J5S g5 pie
5 S 2006 Jlo p (ol adllae y> a5ws S s
Iy sl PH (il 33 a7 35ly 5158 ojlsen
Ky Bl D 05 mude Ll cel 11 4 6/5
@ Bls slesly 1151 5L ela pH )3 g conl ous
pob dn oo b &S o wl ar 8L i )58l ce o
&S 50 ol adlae 3 (1))l cilae g Sl on
S Sy90 2001 Lo 5 ) Ken 5 gl by
L sb ohite 31 o3 50 o sl o5 43 G315
d9 612 5y Lol e bole &
6 11 1312 152 55 4 oY la olo; pH=3
SYL sl pH 5 cpl g Ll 039y 4iids 8/8
d—> 055 oo plosl 5w sh e Sl
Ol (83 9= Ole) ©ae (i 35290 Sl
Sg— oY gg > pols B b Ghiod
Ml e b S o) Gl ca s g ool
Fr—a—e oo e clale i s g

(15).5L

9 o Sl am b ddwd 59 AW Ll 9
b aded 9y 2 g9y 28T Sldglb b Gidgy ) am
2o Sl (g9 ST SIOgL g ot LS
ol ptalefl Sl b ol g 9 otalesl 1 U
ol S (49 S| IOl EalS ke odimd
3 8es il Bl plsebl (gl 25— adid o)
Sliolejl ploul 5w b 4 iiud ol cots @ld6il
Iioee oL,S ol any3 450 clos L oys8
ok plogl adyl Slile)l Wsd o (il Jub
Glo a8 3 lis candblS gy p S5y Lls Ll
S5 2 o ol 5L cov 5 Sk )
4 555 bl vy 32 g 2] CandUlS
o 5o &S dad o i 6 oyles IS5 > ol
o ble LS‘)'? AN Ol_AJJ‘) 48> 120 J‘Sb
@ @bl oxgrioy 14 51 28 20 my/l S,
s 3958 (65,150 a8 amd o LS el Cawd
& g ol (Gaan IS 1y 5 e Sy Wl e
el ol Ghie ) 4 coge (o8 ke
5 S5 Bis la i Sty & W3, S b)l8
Moy andl il e ol 4 gl (Same
o (10 s fyo JeSpin sl JSo3,
9 9o g )Sen 5 (biasge bwg o olie
Olixe &5 (gysb 4yl 0l )15 50 e
Lle 5y 0y90 o Slinlojl ple sl b )Sie
dyglo axdl &S Liduus, e cpl 4 UV (gl o
S s Lol e M55 i il & i
355 B e a0 1y (g )b sla JIG01) S
Sl oy addlae b a5 05 0 S5y 5l (oS
)'1 ).);L.A g.is) Bl o yd 9 uw‘m‘ .(\\c\Y)cJ)lJ
5y Bl lakily 45 gysb 4wl oo PH
598/5 98 99/5 93/5 86/5 cwsiy 4 11 4 AR
g.iS) Gl @1)15 O3y Cawl od 03D uL.MJ 7
120 yloj » (s3U)pH > UVIZNO it sl


www.SID.ir

0h5as g s30T )b pnad @l s -... Jidighd (395) ) sxlaim) b oy plais 51 ) 1 ¥¥gs Joloc )y

L by 5 olSls 2004 Jlo o5 ol adlas
Soslital b ghy hie S5 (Bl 923 4355 (o)
L &S Wdoy aoes pl 4 20l plosl ZNO e JUKS
Sl S5, Gl sl 5, clale a1l
(18)5,1> Jlss oyl udos b oS Al o
3950 4, 2030 ;I coY as i)l L
PSSy Gl gledly mpe o (Bl p Slgg S
cab ilisl aoy 9212 4 32 51 aads 120 - \L;
St oS Bl il gy M s
b 3551 Sy 2ojl (ol o 39 o S0
Pty oy Fp B OAd GLIEE s 4
cel old S b Oﬁ)ﬁﬂ MEPI UM:\/@\
JW gl JBoly (ool jlde sy > Ll
slo JKool) cpl 058y Y b oS 598 (o0 oSy )i
sl S) ey G0 oS gy
5 JssST (V)b (oo al8l (1S
B 528 455 sy 2 1 2000 Jlo o S
53 ZNO candBS 5 olizl s F3B 3, lis0sy
g 30 612 51 cwY s il b s xS
Lz b o 105 lalllas 33 iz o (F)acenl
OhlSer 5 (St pyare 5 20007 Js > o))
il a8 Wl Ui s S o ye0 2009 Jle 5
sl (B OAb )3 gagd (oo (ASLds il 658
5 VeV el Sl dalse (sl sty loj & oS
Lbuwg 2008 Jlo ' & (ol adlas oy on
(4-CC)JsSiS,l5 4 i 535 2 a5 Lot
Gde g b Gili8l L oS WS )58 cé )3 plox]
5 il g (6,50 adlas ) (Al oo Rl
Jrodliaal b sh plate (b9 4o L o) Sen
ol 4 (Samilign Oy 4)iss) ST S35l
GBIl g b b (hal3 31 & A S don
clale b ool yliio S5y Gls s o iy oy oyl

osle cle G281 L B ojleis JS5 & < |

oo ol > 3 3 )5 (e 90 10 51 )
&S gyob 4wl aBl ials 1555, eole Bl
3530252015 10 sl chle ,» Gis LK
o3 53 s olsto 5 1l 2 o5 e 50, 45 40
o100 s> 100,40y sy 4 aa 8> 120
55csy T0wsys 82asy 9212 sy 99/5
opl Sl ol sl o 2o )3 2D 5 suoyd 40crs
Co 55y JoSlo clble (05 55 b o o s
Sy e GBS s ol Ll
SOy wps S cwl pdm gy oloj Mejls
Jub sl Sl a5 s & Bl b
J&l el b Ky sl a9 Sy
| sl (gt 85 s oo B3 355 o 425
155, ads) clale )8l | Gl e, el
Olime wialidl Lias™ cul cpl o)y adllas opl o
P (S5 sl ) S5, sla JoSlo
2o CaS 59y S| s I 6)—e OIS
OB Ll g8 bawg )9 el )
9 (Cadlls o 4 5y ogisp JUaml rals)asl,
sy Gal)al e el 3 ol el
UV/Screening ;| oles 45 (OHO la I,
s UV 2l oiile el b ogdle 4y canl K5) 355
JeSop b JS0) ol () cdale ]l
Co g ol Hd il o (BL Coll 55 odd MgS
oS Slbe p (16)l o LialS S5, Gis
S5y Bl 59 2 Ser 5 J 9 o2 9 KB bawy
CES S 535S w5l eslis
o o5 I35y CBIE I L oS X0 Gl
Lo sy, ConlBlS s 85 5l | U 55
cale ulil g Ksd (ol Sy gla Sk
oAb piiie (19598 350 JoSlo &S 29 (o il ST
4 ol ) gl g 03905 Gl 1) UV oY |
Ayl e Rl L iz b 398 o CandblS
2 oas e S5 alhwly ¥ saxe 435, oolo
i Bl Gilil g () Jesle wps
S5 gl JsSho b oad ag alauly Slge oyl culs,
RO ANENS So—mg i s gl b


www.SID.ir

92 135)0)8 «Jol 2)Laid (@53 § Cauyy 0)9s

ol (Sibjy eole slEiily (alc alas

9 ooled o (il ud 138l L gy STy o)
Ay 1355, e Gial3 81 5 oo o, PH
3 odel Cwd 4 oS s ing D) ugSae
» Slgg S0 3950 i b s ol pH
bz 3 25 e 20 ) el cpe o b
Cawd & doy> 9212 ids 120 oy oloj 4 do g
alys as o s w5 LS ok 4l
il ol olde > (UV/ZNO) BI85
Sl sl Sy Bls (el )
55y e ML Il i I3, wile
didad g9y p gl 0,8 cas o 4 bl o
Sl 5 gl 8 @ By, cnl 5l ealil
g ol blod I a8 o)l 5l Clay 1 @lydgls
ohlad sl ule ayjS <8y > o 4y
el ol ySan &S sl (gl s UV g3y L,
Sge cpl Gl ol g L 2L pae e
Dyl Y Cds g bl
S5l wlpww

wl ool 5l —dsn 4 baye 35 )
otk 09)5 Ayl (ol B)LS 0593
Sy pols Bl e cadli g
pole oSy o iy L S Gy, i)
oSt o)l Swn 5 ol I (SS
& od oy plo il 4 oyl sty S
S Sy 8 il sl b (LSS0 s
Wy e pMel Ty

References

1-Lucas MS, Peres JA. Degradation of
Reactive Black 5 by Fenton/UV-C and fer-
rioxalate/ H202/ solar light processes. Dyes
Pigm 2007;74:622-9.

2-Aksu Z. Application of biosorption for
the removal of organic pollutants: a review.
Process Biochem 2005;40:997-1026.
3-Somasiri W, Li XF, Ruan WQ, Jian C.
Evaluation of the efficacy of upflow anae-
robic sludge blanket reactor of colour and
reduction of COD in real textile waste-
water. Bioresour Technol 2008;99:3692-9.
4-Kamat PS, Huehn R, R. N. Semic-
onductor nanostructures for simultaneous
detection and degradation of organic con-

b (il 218 (b )3 2 0 a5 (ke D53
s ol p SlogSee 240 b il cns sl
(21).c8b Ll (UVA Slg 8 Y g3) e
SI5=) n K) NS adlas ol
Podlatel b (55) padls o glye 4 sh plte
byl 2285 )3 (awpp 2y90 (U 98 (2,
sy Jai > b b ol 3 e, JSs b L
618 s e Al il Sl S5 o) &S
JBly yi—de g gLl b 4l (b mte
(555 52 ¥ i (30l 0550 oS g om0
Do (o ygde 1) CondblS iy S5 525k
daw 59, 31 SB YISO L Ol jae o ogdle
JeSgyen JSQ3ly o S S9e STy CundBlS
aleols 3905 A8lg5 oalBl, 1a5 350 010 YT 5 sy
S S36 Glse 5 58T, Slsime L o qu¥ oS
sl )Ty cnl Sblie (5 e ) CndUES s, ]
diay 33455 g liios 3 b 4y b oS
iz Gl o edlitl (glaygiST, ot JIS s
L @551y o 3l Yool il o395 blse
Wl s cla codgaze 28 s (ol s Sl
48,5 g0 Olinloj] guls .l 039 Gl BlS 5563
i kg 1355y gl S o conl o o
b Gy 2 ST Cwn B Cle 5 ranlb
a ol 0303 5 Jglomas 51 1555, Gl (sl 1, LS
wps Slol Jole g 4 B 5lgd o5 ool
5l B o) oS3y o JI)

taminants in water. Photochem Photobiol
Chem 2008;42:37-57.

5-Xie W, Li Y, Sun W, Huang J, Xie H,
Zhao X. Surface modification of ZnO with
Ag improves its photocatalytic efficiency
and photostability. Photochem Photobiol
Chem 2010;216:149-55.

6-Ren C, Yang B, Wu M, Xu J, Fu Z, Guo
T, et al. Synthesis of Ag/ZnO nanorods arr-
ay with enhanced photocatalytic perfor-
mance. J Hazard Mater 2010;182:123-9.
7-Masoumbeigi H, Rezaee A, Khataee A,
SJ. H. [Effect of UV radiation intensity on
photocatalytic removal of E. coli using


www.SID.ir

oh5as § 34T )b puaid Al O35 -... Ghiiyhs o33y )) estatwl b gly plale sp Gy 1 )ge Jaloe Ly

immobilized ZnO nanoparticles]. Kowsar
Med J 2009;14:149-56.(Persian)

8-Eaton AD, Franson MAH, American Pu-
blic Health A, American Water Works A,
Water Environment F. Standard methods
for the examination of water & wastewater.
21™ Edition. Washington; 2005.

9-Akyol A, Bayramoglu M. Photocatalytic
degradation of Remazol Red F3B using
ZnO catalyst. J Hazard Mater 2005;124:
241-6.

10-Monteagudo JM, Duran. Fresnel Lens to
concentrate solar energy for the photo-
catalytic decoloration and mineralization of
orang II in aqueous solution. Chemosphere
2006;65:1242-8.

11-Movahedian Attar H, Rezaee R. [Inve-
stigating the Efficiency of Advanced Photo-
chemical Oxidation (APO) Technology in
Degradation of Direct Azo Dye by UV/
H202 Process]. Water & Wastewater 2006;
59:75-83.(Persian)

12-Mahmoodi NM, Amiri M. [Degradation
and toxicity reduction of textile wastewater
using immobilized titania nano photoca-
talysis]. Photochem Photobiol Biol 2009;
94:125-31.(Persian)

13-Tang, C, Chen V. The photocatalytic
degradation of reactive black 5 using TiO2/
UV in an annular photoreactor. J. Water Res
2004,38:2775-81.

14-Leng WH, Zhu WC, Zhang J, Ni Z,
Zhang JQ, Cao CN. Photoelectrocatalytic
destruction of organics using TiO2 as phot-
oanode with simultaneous production of

H202 at the cathode. Appl Catal A 2006;
300:24-35.

15-Lachheb H, Puzenat E, Houas A, Ksibi
M, Elaloui E, Guillard C, et al. Photocata-
Iytic degradation of various types of dyes
(Alizarin S, Crocein Orange G, Methyl Re-
d, Congo Red, Methylene Blue) in water by
UV-irradiated titania. Appl Catal B 2002;
39:75-90.

16-Konstantinou IK, Albanis TA. TiO2-
assisted photocatalytic degradation of azo
dyes in aqueous solution: kinetic and mech-
anistic investigations: A review. Appl Catal
B 2004;49:1-14.

17-Lee JM, Kim MS, Hwang B, Bae W,
Kim BW. Photodegradation of acid red 114
dissolved using a photo-Fenton process wi-
th TiO2. Dyes Pigm 2003;56:59-67.
18-Chakrabarti. S, Dutta BK. Photocatalytic
degradation of model textile dyes in waste-
water using ZnO as semiconductor catalyst.
J. Hazard Mater 2004;112:269-78.

19-Khan AA, Husain Q. Potential of immo-
bilized bitter gourd peroxidases in the deco-
lorization and removal of textile dyes from
polluted wastewater and dyeing effluent.
Chemosphere 2005;60:291-301.

20-Heredia M, Duffy J. Photocatalytic des-
truction of water pollutants using a TiO2
film in pet bottles. Proceed Solar Confer
2007;1:277-84.

21-Masombaigi H, Rezaee A, Nasiri A.
[Photocatalytic degradation of methylene
blue using ZnO Nano-particles]. Iran J He-
alth Environ 2009;2:188-95.(Persian)


www.SID.ir

92 33398 «Jg) 8)Laids @Sy § Camyy 0)9s

ol (Sibjy eole slEiily (alc alas

Study of the Effective Parameters on Decolorization
of Methylene Blue Using UV Radiation in
the Presence of Immobilized Catalyst
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Abstract

Introduction: Synthetic dyes are used in
various industries such as cosmetics and he-
alth products, leather, food, leather, plastic,
paper and textile industries. Methylene blue
is an important chemical aromatic dye wh-
ich commonly used in textile industries.
Due to being aromatic, it is often toxic, car-
cinogenic, mutagenic and resistant to bio-
degradation. In this study, the efficiency of
UV/ZnO system was assessed through the
immobilization of nanoparticles on glass as
one of the advanced oxidation processes
(AOP) for the decolorization of methylene
blue.

Materials & Methods: This study was con-
ducted as a batch process in a laboratory:sc-
ale. The nanoparticle powders were imm-
obilized on glass plate with thermal meth-
od. The nanoparticles were characterized by
X-ray diffraction (XRD), transmission ele-
ctron microscopy (TEM) and scanning elec-
tron microscopy (SEM). Also, UV/vis spec-
trophotometric.-was used to assess dye dec-
olorization and the effects of important
parameters such as the effect of UV, dye
concentration, pH and different intensities
of light on the efficiency of process were
investigated.

Accepted: 3 Nov. 2012)

Findings: This study showed that the UV
agent in the absence of zinc oxide catalyst
cannot remove the methylene blue dye,
because it cannot individually generate en-
ough decomposing agents (hydroxyl
radical). Also, the results showed that the
best pH value and radiation intensity were 7
and 3950pW/cm2 'in 120 minutes, resp-
ectively. The dye decolorization was enh-
anced with decreasing initial dye conc-
entration.

Discussion & Conclusion: The results sho-
wed that in this process, the methylene blue
dye can be decolorized using immobilized
zinc oxide nanoparticles in the presence of
UV-C radiation. Due to catalyst immobi-
lization, the recycling and separation of
nanoparticles are not necessary in this met-
hod. Therefore, by optimization of desired
effective parameters it may lead to the com-
plete decolorization of methylene blue in a
pilot scale.

Keywords: methylene blue, UV radiation,
advanced oxidation, catalyst immobilize-
ation.
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