di.ﬁ}jg: wLPdMM o 5 e Alau
Oyl Jaee Clildg ke el
VPF B VDY Clomios (1 TAQ Ol (53 oot gy 0353

SR w8 00 Wl Al s W5 syl b )l anlis
VA 30 51,

S
maleki 43@yahoo.com s “ilig o5 8 «Zdlig 0dSEls (K5 pske 3 Ol l5L i Slis S 1 s ok 5

A/V/YY 2y AN YA sl s

xS
O 5 2 g ool 45 il il mplios > 5SS (5la3 )1 L3S 1 (51 i Olsis 0 o3l sl ks 5 dige
el slo 8 Loy VA o 5 5T, (S1K  Olin ot s st sl i o3 o slre WS 850 ol S
A ool O ke ST s s 5 O ket ST = 558 ) sl S

Aol s DL 00 Ol b5 (LS 0 Ssb) o g Sl S 08 oV G 0l jgmme 5558 O il ealial b 558 Lol 8 i Ay
Sl ST b ST ol 13 Sy 1V Ol b 578 LS FY (Sl tomin Uoben 5 40kt gy 355, 0 i il 3
A3 )S ol SOy 2 Ololily 5 (50 Sy iy S0 p Sse slarall g1yl

el 5 G 6 S ey ek STy el el I g el el 0] oty a5 [5Gy G Ol o5 313 0L sl ol 43il
€3 10 Bl o s ket ST a5 ol s el oS e Yo ol B LA a5 ], 1 el il L
et 50 sl S o Gl 658 o s Sl 5 lis s (L [ oS S s gl PH S A s i ot ke S
sl 3 Sl i ¢ 55 5 el il Slodiyl 5 St (S8 Clh 5 313 OLE ol syl i ot 355 g0 g 55 o 2805
blod oo (5 ol a0 5 36

AL C o 5 S o oo 5 e e bkl ool S o o2t 50 Ofa ke ST = 55 A8 6 S e
Al oo LB e Ao 10 CBLE U Ok STy o LI L s e el (13 0 e sla bl 4 S

VA 503 53815 06 255 5 el AN 5 535 kb ey O gl S iyl 3 1S O 315

T (S g she o8y tligy saSL8ls Shalid o blgy (1S



Sl oy Sldlae Js e a0 (V) ol 5300 Ol
s sl 0l Wy gl ol (ST i
sl bondisn 5 (SSdsm (ol glaanl B 5 b
gl 208 e s o) Qi)sp-é-‘)'\g;i@;—“" ol
Sl ol b pl ol (Rl a2l 5 &gl B
Ll gl S e gla ISl Jla sl sla &5
Cose s m— Ll ol VT 51 as il L3536 oS
gl Jos el 4l (Q) Aled a2 bl
IS 68 52 s esdle JT bS5 s 53 sl 3
i So A Sl s Gk Sl (S s
A5 LS 5 el O0) Gl e 5 SO
BLol Ok (6,503 420 Gl e (gl henST 51 30
Do e S S S 313 dalp £ e 5lse 035
aril o gar 53 T e Ol 0 s ) sl
L JISsl, dsle Jled sla 458 51 (6 505 208 aels il b
- ol bbled o Sl o 55 3 5o b i1
e S Ol S 3550 sl e VT Sl 5 oale 4 iy
am A S (sosb e Sl stV LS
ol S it el 535 8 o ol sl
o3le G ol o ay (i Al S il 5 Dol B 2l
S Ol 4 03,4 denS]  ile sl 08 LS|
30 l b g by LSt gl ) on 5 S
S5 s 4 il s polis L;TLQLA ol VT > ;s
LSl IS5 L 5 0558 Lol e Sl
S o SIS JeeS s oden ISl 53 a5 0T 03550
oA 5 O3 588 Gk 5l ISl !
S a5 S abem JT gls U0 50 0 5,30 18 55 A 5
@3 ol lg Y pame Wil r cmlin Slhes al 2
Ot a0V dsled W5 Siee gladul 5 0 S LS
FS Gulasl a5 b o)y ol el sle Jw s s
s Sl 03,8 s w1y ool a5 e sV S|

350 Sl Cly i e sla i, 5l S Ol

AIN

----- sl 3 5 3158 gl a8 dunglic

FPRYP)
e mlis )3 S5l b Olse 4 pbend 615505 305
SR VPR Y PR AL P WP WU P e
Glo Sl Al (1) 558 e eslinl p 2 5 Sl
ShAs e Gy Oane mlo 85 ) S
3 Al Gl e ol sl el |
03 350 3 e 2S b B rae aledislge 1 5 Il
SLS 5058 5 Syl S ilie g1, 65 e
JJ)J@.L:J}IOSJUAMMUH\}&YLASMJT
G, L s el cpl deos sloey 5l i oS
05,5 Syl LS 5 (Y-F) s e LS5 50
2385 Sosb adms o LS g JT bl
(0) cl ol a3 53T S 5 Yo 5l i WS wles
):\ﬁ)ﬂj_.a.\.p):\OJJJ;-ASC,._MH.L_J”)'WJ
P R SN U G PP S - W N U
S, e ol se al (F) 255 oo s Jams 315 Sy
sl 3 35l se b 534Sl kim0 O 4 o sllaals
bosg dilg oS s o OLS 5 (g5l 2
Ol 538 s plend s 2815 L 3T (LS|
sy (F) S M5 e il Y pmme Bl o (L)
\)&Icud_fsﬁ&uww&wgﬁ);ty
S sr 5 05eSI A5 05 8 Bsa b ki pd o o s
L il oy Sls gz S o Slorgo A5 58 350 )
S oy IS ok o 1 auled o a3 5
Sl G e oo aver 035 o8 0 Sl S s &
1Y) 355 oo s Jams 4 s Do Ol 3515
Fr Ol 5 (215 e (o 2l e Ns
53 M) Ol ey 5l ol SLS 5L 551 Lal K5
e S 58 bl JLS o mlio ol gls JL
S o sla s Bl as § 515 o ges S50 5
Agled adad llas 4k o e 4 4

5 Gos e S akad Sae sla Sy 8L 5, ol

@0
1A Qi / 0> 0 lads / pgas 095 %9 J

Ulpl bazo Cublsgs ole ozl Glusg fu ole owliad



CD = FAY+) S \Wo 0ls5 L 5,8 5 LS FY (Gl a i
L Lo J a8 s el Azl wlis s (Codyson
S50 Sl gl At il O 53 8 s 5 el
Jsloes 5l eslinal b Sz &) 50 &0 anlllan ol 55 e
A oS e P JITe o gls hle 3 1K, S sl
3 S8 g Aol Jgloes leslinal L bs 6 sai pH LA 0 g8
-%J;r@wwtﬂbﬁw-"ﬁ-’w LS 55 Aen
e bl e s e CGus 4 a5 L
Sl boma pH s, 5 ladyl 51 S
20 o5 Y ) 1K) oyl B (0
A5 (Uge o YO N0 () 63t Ol e (2
53 (a3 Y e L5l b g 5w aia) Jul b Ol Sl
Sl S IS S 3,50 1S5, Gl Ol
5 A g g e a ale W Wl ) B
b8 13 sl b el W ol abie J1s s
Sols gl adie Gl ol s al b b 5o
Sesliwl b 5 <3 5 o 5581, fotls J 5o
Clle g0V il s UV/VES gy 5Kl
axdl 31 a3l sk 4 5 et 0 dd e 155
A S plal 5 5515 55 s ol e S Al

Gl adllas &S bl 51 (WY Y) il ab S 1 5 a5
0 Bl 5 b Glles VAA 53 581, ()50 4 o e 53
ot G ol 5l O 25 3L asdllae ol s sy IS
skl bie 53 VA 53 551 1R S 5 6 s
LS| bpl s 5 2o a5 5 sl Al sladial B v 5
Sl wile dul 3 bl 53 Fse Jalye s 5 O55008
deslin Sl 53 5 ol aa PH 5 150, Clale @it O

el KA et 4 S S @ gls b,

b fo) 93l

(Olden) ol Ol S 5 51V4A 50 3 5ST )50,
JSs 53V e 35St 6K sl Sl A 4y
303050l 5 Ao, T w5ST Ol ol sl wl) )
o S o S a5 AT o sl ds s b esli
s S
& (o) 5581558 S 5l eslial b (6,505 sla el
JLid oS GV S el e (Y JS2) &I V/0 (o
D) ob S e Isb b il B an Sl W e 0 Sl
CS b ol (o e Sl Dly 5 Se B0 00
Jdoo S a0 e (7 ISD) 5581 58 o S0 5 i

0 o
Y Mar
Na* o ] [ o
s es
- 1 [
I N
- on
o I _J
ha+ﬂf5b““ ',T”
Py 0
CI/J\H’L‘W SN Nae

H

3.,
§ o

VAA 503 5S1, 15K, aberd Hlsle ) S8

%ﬁ yﬂﬂ%
1MAQ Glinnli / 093 6 jlah / Pgan 693

Ulpl bazo Cublsgy ole ozl Gludg fu ole soliad

AINN



----- sagigesl 3 5 31588 gl a8 dunglic

+ Transformator

« fuartz jacket

o
kel T

FPhotacell

. Low pregsure Hg UV lanp

Stainleas steal jackat

. Fump
Dyve vaaaal
Shaker
Sampling tube

L Y
= a4 s

s 581, Sled ¥ UK

3, ol 055 50en STy o 555 5 05550

2 sl A5 s sladnl B oL »pH Y s
Sosb Olen das o QLA 15VAA 50 8 481, 15505 o 50
Sl Somibio Gl PH il 3 alas 3 ol asiiie &S
el g B

3 K, e 55 3 OelienST lads) b 51 Jsd
Sy Ol 5 das o Linled |y STy Cile glaOle
S 5 13555 55 6l Y S gl sl oS
Gl asein 0loy L 1S5, clale ol s Jgd oy
VAA 5o 3 5ST, 5505 55 Ao, YO B VO oS
V~~Ql.a)'¢,u)>j:.:5ﬂp§dl.:n?~ CYr slackle s
&ljgwuajw)ﬂ)jﬁa@.w\omiwaq@s
St 505 g 25 52 I b e sla b

15 5 e 5 bl allas ST

\OF

1 — ] —

b 4
/i

1. Cooling water jacket
2, Transducer

3, Cooling water inlet
4, Cooling water outlet
5. Sampling tube

6, Thermometer

Al Al 5581, Slad ¥ ISS
b asl
VaA J")’;)::S‘) 6‘)<3) ‘*—.’.}?JJLSJ{&) axlllze O_i\);
oSy = S s Al Gl 58 G s A la) b b

9 @0
1A Qlisls / 09 6lois / pgas 635

Ul gl bazo Cublsgs ole ozl Gusg fu ole swliad



Yofe glackle ol aS 5y 3 o > ) Jsd> b
Oleily cazss Vo Qm):\}_ﬁ})ozlﬁ/.::});cj_fd@%)
N R A e  ARUSF IR S SUT PR W
S de S I 3 il doys Vo il 05,0 AnS]
sbabale ¢l s g anl B o o Gl Olekil, 4235 VY
et A el Lo ys #Y S AD Ve s e SUIG S
3551 G155, @l Bl Olekily aids Yo e 5 oS 5
& O5oed eS| - el Al b o 5 VAN e 3
ool =53 ol gl Lo )3 Y2/0 5 VY YY s 5
35yl A )b das g5 Gl Oleily Jasl 3 Ole (sl oS

~o

BPhotolysis = Ultrasonolysis
O
3
3
D
A
Tr
3,
e
a
3
£ % Ve

pH

S 53 Sl A 5 7 sl p IS pH ¥ s
Sde g e S e P 15K adgl CBlE) VAN e 3 58T, (615K,
(azds 8wl Ol

z

o

=

(e 3) 1555, Bds Oleukl
Py

o Ve 0 v Yo v o f
(Jgo o) O35, AS| el

PRI PR I W PRR WA (PO N T
1555, adol CBlE) 03550 A1 — s anl B (b 53 VA 5
(4235 0 iyl p Oboy Do i o 5 b £

%ﬁ yﬂk
1MAQ Glinls / 093 6 jlos / Pgan 693

Ulpl bazo Cublsgy ole ol Gludg fu ole soliad

\OV

B ( d[Dyestuff |
dt

j = K[Dyestuff |

St Cs s Sl kil a5 LK ] 55 a8
sloadel b gl sl e o S 5 O35 Jsl s
3 ol st e 1 e 358 5 55 A
Q%ql)ﬁ)cxb&ébwﬁ)@ulmﬁwwj
Sl 5 ek bl e s w0l il 53 15555 4l
S Sl anllas ol j3 0l 24 5w syl
Sl oS 1Y Jgd 53 5 acsle AST
G, g 5 el et Y s 548 65 Oles
sle CBle sl s gl AN Al S o 5V 50 3 S
Y mint ol s a md s e S Le S Y
L STy S sla ol s lie 51l 2/ 00 min™
s il b andl Jre el 4 SIS 4 sladl 3L
1 68 ol s Sl 5l A1 3 s Olel S
s pe Jal 1 4 an s o S e iy B saene Julss
ULl 3l Dl sy el Sl ki Sl s )
et Bl 5 2 80T g 55 Ol 2 1550, s
u,wqu‘}»urﬂguwuﬁ)ouj&uﬁﬁ\ﬁ)
il gladyl B ey by Vsl el il 5 ST
L aS 53 8 o aamde ds S pns Cilies slacbals s
il e 58S b 5STy e ol il 5l
Dol i o 5 35 gl 1 Al 5 oy Dl a5
LS|y Lol pon G b ul B 535 ) 5 8 wal B ol L
ol ol 4,10 2 53 0 s e OO
b andllas 50 1505 2 55 GRIBI S S s
5l g e 10 6 03 ST, lile 2 3l
o3l w0 5 Oooded STy ke sdme 111 L
o ISl ol s e opl ply 23U RS 1SS,
23 g A= Olge wdge e 10 CllS 0550 ST,



----- s 3 5 3y gl a5 gl

(155, adgl cdale 4 sdile SL cdale o gli ) L2STy cilisen sla 0oy 55 155K, oy 55 53 O somlibenS| sladkiyl 3 312) Jgdr

(A 28 ) 155 sl s ol '
sl 4
N f. Y. (az3s)
) ) \ i
-/a4 -y WY Y.
-y Ay NEE g :
55 sl Al
NEYY -IAQ - IAY q.
NLR -IA¥ - IYY e
- TAD - IYA -/ Yoo
\ ) \ o
NEYY NEW -y Y.
Y A “IAY 5 . ,
NETERW SN Wk Jrpg e g
A- - IA$ -Iva q.
- IAY - IV - ISV VA~
-IVE . |58 - 10A Yoo
\ ) \ i
-IAQ “IYA -I5 Y.
-/89 NN iz g 5 50
“IEA ¥ q.
-/¥a SN . e
\ 3 \ Lo
<Y [+ [o¥ Y
/Y 0 OS5 STy 5l
\ -
Vo

S S, e Lyl s (Kiuoh o pd 5 S ol sla )l Y St

(A 2 05 o) 1550, sl ke

Ll B
90 fQ Y‘
YA off o8 SV FE (min’l) Sy s s s .
_ 55l A
<Ay -/ay /20 s b g S
. -1 .
AR o[-V FY -/+145 (min™) sty ey ool
_ O3sodd eS| - ) 8 sl A
-4 -/aY -/30 S (B
-/ $00 - AVY SAYYY (it ) 2l e .
_ A
Y <Ay “/AA S b g S
. -1 .
SOV JEAYY -/£aY4 (min™) Sy Co o <ol
_ O5a0ed A1 = 5 528
A -/34 -39 S (B

@0
1A QL / 093 6 losis / Pgas 635 %9 J)

\OA Ol buzo Cuiil g ole ozl iudg ju oole aoliliad



So ]

Sl e e Gt o A i sle ST
(L 58 ez oS g oden o IS0, &8 o) wle L
L b Sl S L) ol f b el s
Sl 0353 3 s 3T sl JGsl, bl 4 sdas 5k
G555 o 3 g Sl 2Ty 1 OA) A3l o (ol
23 adslosb a4 Gl e coals s VL D= L) s 45
35 o pll JenS p5den SladlSsly 5o b Sl s mle
UlF &S Ol slS Glacl Js §ls 08 4l s &
SIS a5 b Olan L(VA) 3405 JT 550 4 325 610 VL
5l DI 5 08 ST glaws 58 W 5 el od s
b Ity 5 5 T 8050 Sad g0 s 4 b s o
odos j5b a4y 5 adlol gla Sty 5 A S e S5
LS US| 93 005l (0 0555 AenS |y JSES 4 2
VAL il dorly o 5 a5 ol Ol a4 (53
S Wl Olid s 5 iy il o S5 VWY
a5 YO LY 5oa S AWV LIS 3 5o JSesl, W5 2 5
WU L6 310 .000) ol 3,a ks Y SIS 5 51 5 i
o8 et 3 3 ed s JeS godes Il A 5 6l sl
Salg 03 5 AS S e e 5 et el S sl
53 sl Gl ea b sty Sl S b JSGsl) 2 2 Ol
G55, ale) Yo e L Il sl e Gl Oleutil g —ezes
sl a2l 3L al g il (adllan ] 53 s 550
s ilisen Sl dlS 3 53 ol 3y )3 Oloi
Ly sl s oSty el |y ol Slodioey
LTl 5 6 RS USs 5 ol gl oS slal 4
Sl iala3l Jas 53 Jao JLS 0 by e SO b
Tl Use e S5 5 558D (b 4 (S s oS
313 (G0 5550 s ol 5 Dl (OB 8) sl
Jedss 5 ol il (b L ST S s Rl
S 5 2B G s e kb ol sl pis Sel S 5

QA V0) cldS dal = 36 sy
Jolse 0 1505 a5 5 00 ol kS5 4l odle

%ﬁ yﬂﬂ%
1MAQ Ll / 093 6 jlas / Pgan 693

Ulpl bazo Cublsgy ole ol Gludg fu ole solilad

V04

S S dom g Lo
bl s o 5 S 0 Ll s s 53 45 S Oles
Lyl b aolie 53 Loyl b elad 53 15505 o 55 (s
Obeily 53 pials Wiy ol cul 4 S s 2 LG
s 48 el ks W g et PHL 2l b Gl
S 5 Il DS S LS oden IS5l gl il
A S s IS5l ¢ oUW Ll o ol ol
S i on (1 F500) 3,05 1, 35 SuS 081 0l 5
53 (HO, ) (S5 508 0551 Jon o diSAST cls 65
AeS1 s 5 oS ke ISl L 0T STy 5 oLl Lol
ol 50 ) g 5 S s S 3 s 53 3 g 5
Oloily 523 0o ATy = 5l 5 dal B L alaily 55.(07)
GIVES B IT1 I St PRGNV iy SUTIY-N VO I8 S S N T
Sl Gl Jaes 53 055508 a5 SalE 055 L
03 305 JeS g oden SIS0l (3l Jlde W5 o SWS &S
435 5 ame ol iy il o Rl S0, e 50 5 1
LS| = 55 G Bl A G 9 el B a8 s
PH w0 asls O35 Sl - 55wl Al 05,0

RPN WS S NT-R WOl I S PSS TP P
rﬂ&blsguybjc\ylwuﬁ\ Jsd= 5las o5k Olan
Gl il aglia 3IY g G 5 5,16 15185, o 25 )
andl Jro ol 4 SIS w0 glaal p ple b JiSTs ce
St 5 g1 iyl 353 Olacily 6 i il 3
dhorr Sl gadaze Jelyo @ Sl Ao ps ol
P S osb a8 o p 1K, sl Ca 5 Caale
Jsloen 52 0l 3L & Joles 1S5, sl A1 il 3 b
Db 5B s w0 1585, 358 5 (S ol cnlaly 5 ails |
Sl chle oS o) sl 8 ol 20
ol Sl iS5 0T esde 5 SV Sl JonS 5
s 4 (W) S o Cmiles (Consl OL 53 VL as L 50
Jels aS 5515 55 5 sl g b 6l ol IS

Gl Sl &S ) Ol s (g5 b



0 SN 551, 1505 6 2 S5 S p S ) asdllae 5o
Sl andl o e el Y S ey sl plonl
OF) Lo 15K o 55 o3 ¥ g il
YW oe 3 deal 1555 6l 1) Gl Ao WAD 55 (g3l
S 53 (GLES oS a1 o) il b axdl A6 o
Sl Sh il pl 55 .(04) 55 5,58 aids £r Ol
il s 1555, ()9 e A5 Olelily a8 il Canal b= 50
ol slas 8 ST 55 1 el O (655 Sl &
sl e 3 sa ol Olantlw 53 1 Ygans Lol
o 6 el Jlols o ) 5 Bl a5 i 55 b
OF) 53l o IS il b andl g 53 15 155,
Ol L (ST e Col malS s am g LG S
OV games e s 4 Cund s cpl ol 15K, il
GGl L STy 5 1550, a5 ol s
(JemS ooden JIGsl, ol o el s @) JouSs s
N s 5 1550, e Soli, w4z 55 LI L0 Wl 5
W&‘P‘J@?ﬁﬁ‘}ﬁ) el clale [l (e
53357 50 1305 e 04 oS 5 s Gl e Y g
S feSsoder LG 5l e 5 LB i Jas
35500 08 & Feslw SLs 54 Sle oY pame oy 5
Se sl Sl by Slsy o 5 i 5w (VOYY)
-1 ‘)fv')

Eloel e 5 1505 25 STy St o 5 5
svesla sy glachle js palpan 3l y oy ol b
53 JeS oo Gl e )lin bl a caallas ol
JeeS s oder SadGsl, &8l s 4 5 452 oS
SUNWE PPN >HPTIN (CEIW W L Y-SLY PP W 1| LG W0
a0t VT 5 JIGsly clale 88 s s b sy S
w3 St Sl 8 5 sl A ladnl B 6l o5 S
Condy pl el d ol o (5, Jsl amrss 5 238
e 68w iy Ol ST sladiyl B SE sy e
(YY) &S o Go el oS 55 sJISGs], o5 L

----- sagignsl 3 5 31588 gl 3 a8 dungllic

S el 3 i 4SS e My DL 5 6 K0
3daze sl ¢S ol Jls 35 1 Coraal 31 5 slize Sl
S5 SR 5 85 ¢y (5 A Dl b S 8 O
Al s 38 OT Jds oo 5 (s A 035l
L S s GGl (2STs 5 laoee 35 5 50 515
010) 5,15 SEE 4 ol 3 VT L gl o 31 U3 0SS
Sl Coale o5 338 o il i i Gl Super 53
el s ol A bl S 5 1) s
SR oMo 15l 15505 e &5 035 ity 00
4 e 5 BB b 4 b S 1S, sl cnd
el Al 3 S 5 s el Ol 5
b o b L (Gl oS Al o a) ol 8l 3 L

sl s b e Wb
S =l (s P S U o pa )
GV ISty ales 4 i b andl 4 das s 0L
Cdlad |5 il oo 155, Gl s sl Al o
S €55 515 5 03 S wals S lie gy by e 5 s
e 53 Ll il b 0201 s ISl ile JLnd
T Lo 1S, 5 A lS Saa,y S Ol e 4y
Al ol 3 s S JT sl Gl (1 FAPAAN D) s
5 eS|y Ol leeST sl ST 51 EG el Sas
A U S bl Jlesle JT slasil ol
531 Bl ST Gl 5550 55 il Y 5l ol
e S AS| ol e Jlie s Jlad Sl s 5 e (N=N-)
A5 S al o K oS g den ISl b 5 5 005
PP Y e PN WO U1 PV SV WENC S SR
(s 3 57 Solagyl OS5 aile) Sbes,l ke
Jrol= 5, lS O s ol 55 B 63503 Uyl
el )5 s oS el ol slizel (V85T ) 5y
andl Jlm ol (V) ol oS pilin SIS i 55
Al s 0255 L 505 JalS 4 w500 e w0 il b
GRS 5 Jb S g5k adna sdide (pl i i

@0
1A Qi / 0> 0 lads / pgas 095 %9 J

Ulpl bazo Cublsgs ole ozl Glusg fu ole owliad



O3aodet AenS1 a8 5 8 oial b | 4SSl 05,0
,\;iljé@f:);.W\UL'S\);A;J.»,:Q)U‘:»;\);&U;
Uil e Jhea 10 B 0350 ST el I
eS|y sdiren L el a sdalin 15 ele g 5
GLaclls 53155 .08l hals 1S5 ol 528 055408
Olye a3 O350 LeS s 555 O3 5den eS| VL
SalS Esl pl by 503 S s 35T gL, oS o
Doy b 53 1355, asls a s bl 5 oS 5 suten JISG1,
93 oiimn ol el s, (VAVF) Ud dal

OF) ol o 55158 05550 S| 5 508
ol 5 syl 3 el 3,008 3l sl g aallias
P 0 O LS|y sl 5o 5 ol ] B
53 A Jalse a3 ol VAA s 35S 1S5, S
Chle (G5 ST ke Wl SO loe 6 2 S
a3 Ulgee oS A pasiie 543 S )y nPH 515,
Les PH 4wl s andllae 550 sladiyl 3 S 53 1550,
O e il 33l 0 e ol James 0390 (gl 5 ol T
Lol b B 5 15505 o A e i o s S A
sk a (addllas cpl 3 a8, 58 4 38 5 53) 5 55l Al
andl S8 L0255y s 4 Ul e S aas
ol sl Sl 5 5 O STy il
= Bl 0 1) e N Ol 5 e S a0
S Ulse 4 G Al B s S ol U555 AS]
fr 5 3y5n pels S5 b Ol adal 55 LTS g S

5,858 5 Gy syl

%ﬁ yﬂﬂ%
1MAQ Ll / 093 6 jlas / Pgan 693

Ulpl bazo Cublsgy ole ol Gludg fu ole solilad

!

A Sl sl am s STy St 50 ellims L
OFA0X ) Lle,5 0l 155 bt 2 5 aloord i 5
om0 3 s A A8 Gl Dl Skl 4 a5 L
ol pon Gy il B 533 )8 58 ol b DLl
sl o g a3 ol Al ) 5 055008 ST L
sl ol t a5 8w J1slge pll Gl (gl i
OXNFAA) o3 gy JTslsn 55 3 Rl 51 S
L g 50 505 581 Gl JulS 52 K SUlg 8
(O1F) Gl 03 503 (2155 O30 oSy ) 5 3
3503 Slbaae 55 5 5 al AN sl 335 50 53 Cnly ()
3 mlel Sl b el S 5 4S5 So g 3 05 4
Kol bl 208 S ol Bl 2 sl S
A A o sar 53l e S e g LB 5 Sl
doeS| 3 5mm s Jodo o O Bl 05 50 duST
deeS| s s il b an Sl YL QUIS 5 0,ds
Sl oS o diad 8 gl Sl W 5 5 O
AeS1 - el AL 3 o gz 55 Jl Rl L. OVF)
Jol 1305 o 55 Ol 53 s WB l5l 0355400
O ol 2S5 gl b sl 3 31 s o o8 02
Ll 5d Gl Iy A 5 5 O odes STy S 5o
Lyl Okl a8 555 o aa>De ol bl oS5 n
bl Bl 5 5VL Sl O3 ades AenST - 558
AS1 5 el A a5 g 3 g alllae ol 53 4, IS
ol b aBl e SIS ) g sl A1l 351 55 05550
Lol 3 5VAA 50 3 581, 61505 55 L O abls Jls



L

1. Ramalho PA, Scholze H, Cardoso MH, Ramalho
MT, Oliveira-Campos AM. Improved conditions
for the aerobic reductive decolorisation of azo
dyes by Candida zeylanoides. Enzyme Microb
Technol. 2002;31:848-54.

2.MahmoodiNM,Arami M. Bulkphasedegradation
of Acid Red 14 by nanophotocatalysis using
immobilized titanium (IV) oxide nanoparticles.
J Photochem Photobiol A: Chem. 2006;182:60-
66.

3. Mahmoodi NM, Arami M, Limaee NY,
Tabrizi NS. Decolorization and aromatic ring
degradation kinetics of Direct Red 80 by UV
oxidation in the presence of hydrogen peroxide
utilizing TiO2 as a photocatalyst. Chem Eng J.
2005;112:191-96.

4. Zhu C, Wang L, Kong L, Yang X, Wang L,
Zheng S, et al. Photocatalytic degradation of
azo dyes by supported TiO2+UV in aqueous
solution. Chemosphere. 2000;41:303-309.

5. Prevot AB, Baiocchi C, Brussino M, Pramauro
E, Savarino P, Augugliaro V. Photocatalytic
degradation of acid blue 80 in aqueous solutions
containing TiO2 suspensions. Environ Sci
Technol. 2001;35:971-76.

6. Wang S. A comparative study of Fenton and
Fenton-like reaction kinetics in decolourisation
of wastewater. Dyes Pigments. 2008;76:714-20.

7. Christie RM. Colour Chemistry. Cambridge:
Royal Society of Chemistry; 2001.

8. Chung K, Cerniglia C. Mutagenicity of azo
dyes:structure activity relationships. Mutat Res.
1992;277:201-20.

9. Mahvi AH, Maleki A, Alimohamadi M, Ghasri
A. Photo-oxidation of phenol in aqueous
solution: Toxicity of intermediates. Korean J
Chem Eng. 2007;24:79-82.

10. Maleki A, Mahvi AH, Mesdaghinia A, Naddafi
K. Degradation and toxicity reduction of phenol
by ultrasound waves. Bull Chem Soc Ethiop.
2007;21:33-38.

11. Oppenlander T. Photochemical Purification of
Water and Air. Weinheim: Wiley-VCH Verlag;

\#Y

----- sagignsl 3 5 31588 gl 3 a8 dungllic

2002.

12. Mahmoodi NM, Arami M, Limaee NY, Tabrizi
NS. Kinetics of heterogeneous photocatalytic
degradation of reactive dyes in an immobilized
TiO2 photocatalytic reactor. J Colloid Interface
Sci. 2006;295:159-64.

13. Mahmoodi NM, Arami M, Limaee
NY, Gharanjig K, Nourmohammadian F.
Nanophotocatalysis using immobilized
titanium dioxide nanoparticle: Degradation

and mineralization of water containing organic
pollutant: Case study of Butachlor. Mater Res
Bull. 2007;42:797-806.

14.BaliU, CatalkayaE, Sengul F. Photodegradation
of Reactive Black 5, Direct Red 28 and Direct
Yellow 12 using UV, UV/H202 and UV/H202/
Fe2+: a comparative study. J Hazard Mater.
2004;114:159-66.

15. Peternel I, Koprivanac N, Kusic H. UV-based
processes for reactive azo dye mineralization.
Water Res. 2006;40:525-32.

16. Kritikos DE, Xekoukoulotakis NP, Psillakis
E, Mantzavinos D. Photocatalytic degradation
of reactive black 5 in aqueous solutions: Effect
of operating conditions and coupling with
ultrasound irradiation. Water Res. 2007;41:2236-
46.

17. Behnajady MA, Modirshahla N, Fathi H.
Kinetics of decolorization of an azo dye in UV
alone and UV/H202 processes. J Hazard Mater.
2006;136:816-21.

18. Vajnhandl S, Le Marechal AM. Case study
of the sonochemical decolouration of textile
azo dye Reactive Black 5. J Hazard Mater.
2007;141:329-35.

19. Mason TJ, Lorimer JP. Applied Sonochemistry.
Germany: Wiley-VCH Verlag GmbH; 2002.

20. Vinodgopal K, Makogon O, Kamat PV.
Ultrasonic mineralization of areactive textile azo
dye, remazol black B. Water Res. 1998;32:3646-
50.

21. MH, C, Devidal P.
Sonochemical degradation of phenol in water:

Entezari Petrier

a comparison of classical equipment with a new

@0
1A Qi / 0> 0 lads / pgas 095 %9 J

Ulpl bazo Cublsgs ole ozl Glusg fu ole owliad



So ]

cylindrical reactor. Ultrasonics Sonochem. photoreactor. Water Res. 2004;38:2775-81.
2003;10:103-108. 23. Tarr MA. Chemical Degradation Methods for

22.ChenV, Tang C. The photocatalytic degradation Waste and Pollutants. New York: Marcel Dekker
of reactive black 5 using TiO2/UV in an annular Inc; 2003.

%ﬁ yﬂﬂ%
1MAQ Ll / 093 6 jlas / Pgan 693

Ol o Caiil gy wole ozl ing jy ale twlibad \PY



Iran. J. Health & Environ., 2010, Vol. 3, NO. 2

Comparison of Photolysis and Sonolysis Processes for Degradation of
Reactive Red 198

Maleki A.

Department of Environmental Health, Faculty of Health, Kurdistan University of Medical Sciences, Sanandaj, Iran

Received 11 November 2009; Accepted 2 February 2010

ABSTRACT

Backgrounds and Objectives: Carcinogenic and mutagenic potential of some azo dyes as a
category of common dyes in different types of industries has been reported. The degradation of one
commercially available dyestuff [C.I. Reactive Red 198 (RR 198)] by means of ultraviolet radiation
(UV), ultrasonic irradiation (US), UV/H,0, and US/H,O, processes was investigated.

Materials and Methods: Photolysis process was accomplished in a laboratory-scale batch
photoreactor equipped with an 55 W immersed-type low-pressure mercury vapour lamp (UVC)
and sonication in a sonoreactor with low frequency (42 kHz) plate type transducer at 170 W of
acoustic power with emphasis on the effect of various parameters on decolouration and degradation
efficiency.

Results: Initial results showed that, color removal efficiencies by US and US/H,O, processes were
negligible. Almost complete disappearance of RR 198 (20 mg/L) in UV/H,O, process was possible
to achieve after 10 min of irradiation. It is found that lower pH and lower concentration of dye
favor the dye degradation. Hence any increase in initial dye concentration results in decreased
decolouration rates. Also, the experimental results indicated that the kinetics of sono-oxidation and
photo-oxidation processes fit well by pseudo-first order kinetics and first order reaction kinetics,
respectively.

Conclusion: It is concluded that UV/H,O, reaction was more effective than other reactions in
bleaching and the reaction rate was sensitive to the operational parameters and increased with
increasing H,O, concentration up to 15 mM.

Key words: Advanced oxidation processes, photolysis, Ultrasonolysis, Decolorization, Reactive
Red 198
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