YFAY & 5 )lou Y 593

Ol 2! o (s dideo 9 (connd &) guiid

Wil 5 b gi Ji8 g ! )by B> S (w3
YT Luvgm b 2 19351598 Sy 49 UV/S,0, ™

S (i ol o K o5 Ao dars

w,ﬁ "jj(‘jjjj-""/j 4&%/)/)’7:/{&;’/} 6

05558 S e 3 UV-C s & 4 s S YT iy 555058 &5l gy O ) o fokeC
UVIS,0," ol Jf eslizul b (g ilil) Jo su T &5 Cod (sl <FOF MM (6,7 =50 Jsb b
el 0ukis 4 [IUVI S0, o ld (sl moler (S Dol & b Spol (Sl ¢ g 53 oSl 0k 030zl
Al St Gjledide b 5,20 slasSpe b SO sl JISol STy (Aly o b
o (Slien_p Al 3 St ot (Sl S ouke | Caes 40 Uil ol ok Sy 1/ X 102 M7 L
oilS oS Bl st O LS o Lol 15 A8 53 s 2l CBIE 7 g 55 4 ol 3

S el ey 535158 sl g Sl o O Dl

S5l YT atagy Ol 557,55 VIS0, ( St sils (S MlS”™ (S0 S5

KEY WORDS: Kinetic modeling, UV/S,0s%, Annular continuous photoreactor, p-Nitrophenol.

Sy g9y 2 1y 095 Clld (st ( Sdaghy p3] dad
OspbeeST glaanl s plaie b gelins] clagty,
a8 Cawl ol LAn])8 pl Bles ( Sy ilodges S oo ald iy
adild a5 s plodl bl Lo i g Ly
9 B9bo pred 85k (glo by 4 Bl (geliS]
eS80 (558 s slo 03]y g5 Ll ded Sy Sy
g 0390 dlox I slocuS 5 a4 YU copu coli b oS w3l
i OgelionS] Gbinld V] Ml oo 1)
U 53 g Somal benSled ¢ SopalinnT lotia])d Ay 4 &
S SomelinnSlen casld > Kgd e (gl
555 ge o3z Oy |y 5 HYOy 3l odisS ST K, b bt 5,
5 o gn eSSl Bl cbalp

4dodio
it o J oS 5l il e lacla
il JKde by ajay Cwl (Ses bS5 ol B
o5 Gk gbadale a ) dlge ool ke waalge ST ofagas
sl  Bule Bl Blo (sl Jolite (sl mtd 8
o Jib oy bawg (paw Clo g adlsn Ol 3pge
3 raw olda g 0dg dde )8 laceS 5 gl L adlsa
I Br b Wb JI eSS 3l B se) 2
55 Sanilg iUl s g (oslodind g slinl sle dyiens (clotn] 3
sl 5 4 glo B 51T, o 03,8 (g 1y eaa VT oo Laid
S g 4y &S dblad o dbul 1y (gdels il g 03505 JaTe
anlp ol (Mg V] 2)s 23 1) (o)l slo e
il e Cany lasee slaoa¥T (9l 5 P 4 2B

+E-mail: behnejady@iaut.ac.ir

Q[J[{a s a.lfa*

R = cole



“ﬂﬂ‘“ “” b)Lo.w ““‘N 5)53

9 STy O9rds pmen oniSaST plo b awlie
TAY T el 50550 o o3l

S5 o b g5 sagiie ) LS Jplt
O o CollB Bl o cdl g jgo 4y g 039 05 STy sl
My 3,5 Sy b Jobe g o3 avgs bl Gl > odle ]
Milg o a5 Atud polie claosu¥ o g s bled
Sgiie o gyl ohgr udl 4l 32y bl
oK) 5 aiSopie datSedl Wy anlp 5 8
Hgad oo Lol 3l Adgi Ali8 3 Wl e dyge (g5T
5 Comj bome (lp 5 siun [iployw o gams looan¥T oyl
[0] $d pae sl U] oMo

UV/S,0," gmolimSlgs aulyd S allie ol o
oY J el o lyie 4 (PNP) iy il b bis
Gl g odd )y dlgy Vsl jeSlen 5o Sale)
] algs sty 1ald ol el (St (clmalilas b
Lyl 3 PNP clale yedd )3 odel Cawddy (glaalslae @)
5 485 18 iyl 2yge atgy Vel el > oSS
PNP L SO;™ (sla JBoaly (iiSTy (oo8ly oo pos ol (priopon
el Anlgd Coansds 1

0olit 8590 59515538 LSy T o

Bre i op O b dtagy Vgl 581,68 Ay g
2581y Sl ey ol el ol ealy LS Y S
oo Y10 ol 3 ki Ve 813 J5 b Sy i
Joe a3 el Yo Juolgd 3 oS el A glis)) 4
S 58198 35 50 ) el oAl SIS 0Ad s (gl ptiged
() 2oyl TOF (5,5 gym Jgo | T+ W UVAC ¥
Calbed 5 ok Yo I3 b & S oy K S 5
ooy Sl Jgloee B2y slate sl 48,5518 ytanle YO
oV (a5 o 9 oolitl wakits B b b Kl
295 oAl g ead o)y o ol )5 ST (399 )
gben o ok daess giSogt gVl o &S

SLRTIY
(Sye) PNP Jolo 5l jud oo Yoor iolojl 2
(S50) g3 ST punsliy 5 i) 2 2 )5 o Ve gl clale L

R = (cole

G 85 sols dww g (35 (Jeesw

Ol 2! o (s dideo 9 (connd &) guiid

IY] 35 oo 0321 ZNO (THO, 1lo bl dos 19l 538 5,
(lhondgd aplion] @yl enlinnsT il B 0
sy ilg7 o u.’l sl uJl laoan Y Gl Sl a8
U5 4 @l LS a4 (e VAFe ISl S5
AiilS &3 Jobo 40 g 0 e UVIH O, s (S0 3uS]
o 045 33138 cpl & Gl (g3 1S g8 98 5)9l8 S e &
G 3 oy ge Sl 5 iy & pgbu
Wl Setiw dwog Gy b s [F 0] cul
S g o Cul ok alyl asiS amy » UVIHO,
0dd 4Bld 5 poles (obonded 5 Sherd (slaiSly loly
@l bulgis gdil (dp bl el o)l (85 a5 o b
A o3l o 85Ty ) e de gl ] 4od (S0 0 ol 0k
el Oypo cpl 2 gdie shgedy GS] ol g JeuSaykn
I¥] 9 salgs o VT &) cdale | b ool o @ g nls Cao o
Clle iy > oxo¥] Ayl il 5 & Sygopd cpioxen
s 0de] Cawd &y o g bl 39 Dgpaitiar 045 AST (Y
ke Vo5l 5 [F] 331 Sl 018 ST Ayl cilé ]
Sl Lgs JT 810V S5 Bl (el ol (St Dolae
O35 Ll p s 4l (Glg) 5893 o UVIH,O
Sy el (St bl S8 cladisS (ol LL <l
claaslae ol Cuanday odS ST Cpioren g san¥l clale
05655 Ll )3 oaoW clale pesd b ogd i ool Cawd 4

V] by ol o 3l lles
sl gl Rl @ o3b) ey 3 bl o
ool 4B Gjge dwSly e b 4 osiSas]
xS 5 ol e e oyl (gl Gunlio a5 S g g5 ST
OFmed S Caiio )3 (63b) 35 5 039 (658 BAS ST Sy
oty Sl lsie & cizmen 5 Slg)db slogss, dad
Sy ol SuSies] cole 4 dag b caS 5 ol 3)b
28l 3l Jg 355 8 odlitd 390 35 N (sloeS 5 55
50,7 4 S0, s dlp olrandgd 5 2le)S clogsby)
e eleyS gy cawl ol Sl STy sy o138
tlroudgd (hey culply 3y Gugpede 423 Vee slod @
Mg g3 Sy menliy Al oo J 2l (2le)S by 4 o



yyay & b)lows JY 0)9.5

5,0, +°0H—% 550," +S0," +H* +%ov (v)

5,0, +50," —* 3,50, +5S0,", (¥)
ke =olox\y-*M™'s™ [a]

SO, +PNP—X 5 nt. ()
SO," +Int.—*p *)

slabulgs Sl ey 4 P g It laable oyl

oy boamibe ilegime ol slodygld 5 g

e [, PNP Gl ey () 5 (1) (St sloalalao 4
by ) oo &

—d[PNP]

—Ienp = =k, [SO," J[PNP] v)

Glp bable cpl 5loosel camsa (Siiw Ly,

5l 45,ke "OH 4 SO," (o JI5a,
d[SO,*” - .
BT k5.0, 1-kls0, 1+ "
kr[SvOAY_][.OH]_kf[SrOAv_][SOf._]_
k,[SO," J[PNP]-k,[SO," 1[Int.]

IO 150, 1-k, 5,0, II"OH ")

sl JlSesly e sl bl el oyl (38 s 2
25 Soysods "OH  cla o], cdale *OH 4 SO,”

1l oo Canddy

. k, [SO,"]

OH]=—‘*—*~ )
[*OH] 5.0 ()
SO By sl e Aol 85 ki 5 L

G NPT PES

(50, )= NSO M)

K,[S,0," 1+ K,[PNP]+k, [Int.]
ieudly pald sul,8 &gl ol (sl
[PNP], = [PNP]+[Int.] (Y)

SO," o JSualy clale lgie 1Y) 5 (V) celodlsles ;|

Wby g Oy |

UVS\*OAY_ /4;?.‘)5 “’*"95 &59):?’“)‘?‘- SBls Sliqw ol

O 52! (oo (X § ol Ay it

-

gy Vil yS1) 938 -) S

Db g0 e Sy piy Sy 4y g 4R atule slocdlé b
Jgb 3 9 48)S )13 () (oueblitn (imnds Su 59y 22yl
ooy b Jslme gbe 03 p ol by ool
g 00b ()P gy Yol jeiSTeh a4 (Wonle) Sl
5 02 opglanx diged il Vo e gl 298
o3lisal b g (Sgug,dl) UVIVES yiogiiy iSgml olSitd Lo
Sl PNP 55ledly clile ok ags omidyallS lages 5
ooy 5l (2anl 8 590 (2B ol (g pSojlul jslate 4 355
et sl ok oz (Vg J) y5 Gib @ gpSelsl

Al @ye yio  Oly ¥V L pln 35l A a3 (20

o g basd
109! 5551 3958 ol oS (3 30

Wl bug PNP Glo St jloie pplate @
D9 B geilSo il 1l gllg) ye8T)98 1> UVIS.O,"
ad S ka5 A0S cpl (gl p) Oppeds ewslSe B cpl

w] oS
5,0,""—% 5Ys0,*" ()
SO,*” +H,0—X>*OH +S0," + H*, v)

k, =0--5"[4]

R = cole



yyay & b)w Ny 8,92

(V) ablae 3 (V0) 9 (V+) sloabsles (6)lil> b 55 (gaboles

1 oo Cawddy

d[s,0,"1 _

dt

_Ylk\kf [S\‘OA"i]Y — k\kA[SvOAF][PNP]o _Vk\kr[svolxvi]
k,[5,0," 1+k,[PNP],

(y)

oz 5l Glgices YY) dlee )3 ool sbojlade 4 axgi L
Dged Hypais ke plo b awlde » Yk K,[S,0,7]

[T 35k 5 ot s e )55, 50

—d[PNP] _ —Tpp

dv v, )

Vzg(di*—df,)L (YY)
9

o = —d[dPtNP] (¥¥)

25 dslas (YY) Doleo 3 (V) 5 (V) cloableo (6,35 sl |

1 oo Cawddy

—d[PNP] _ (@ —d) (—d[PNP]J

Yo
dL v, dt (ve)

(YD) Dslee > (V1) 5 (1F) cladlsles (5,8 cels b plosilyu

iy M"’]?
Ty gy
~d[PNP] _ ?(di do) )
dL v,
Yk\k[:[SYC)/\‘;] [ ]
k[S,0, 1+k,[PNP],
9
Ty v
_d[Hva]: ;(dl dO) (YV)
dL v,

rkK,[S,0, 71" +k K,[S,0, " 1[PNP],
k.[5,0," 1+k,[PNP],

R = (cole

G 85 sols dww g (35 (Jeesw

O] (oomd (owdigen g (connd 4yl

vk,[5,0,"]
k[S,0, 1+k,[PNP]. +(k, —k,)[Int.]
D)5 D9z Ky 9 Ky oy (8o M) a5 bl
agl chale b wld o bulgls cacoSs cdale uioen
ol 32l PNP afsl clale yioman o oS us]

[Sofk] =

0%)

by olg o0
k[S,0,"]+k,[PNP].»(k, —k,)[Int] (VF)
il anlg sy

[SO." 1= vk\v[_SrOA ]
k([S,0," 1+k,[PNP],

(10)

1S s ¥ Aslee 13 V0 dAbdlee (5,J38 o> L
~d[PNP] _  vkk,[5,0,"]

dt k,[S,0," ]+k,[PNP].
ol > S slaeS 5 Gl Bl St

S o o sl Jgl 42> jl Ayl (gselins]

_ d[PNP]

[PNP] (V%)

=Kg [PNP] ()

> el WY 5 18 elndloleo dulis |

vk,k,[S,0,"
kap — \ ‘,[i[ YA ] (\A)
K[S:O, 1+k,[PNP],

9 3905l 225 (slwodly 3 oslazal b o)y o 1y (VA) ables
)] sy dalaa oyl (3l s b Ty ai 3,0 (ool

R Kk, AN [PNP], ()
kap YKk, YK [S,0,"]
9 k ) [PNP]O o> L )].590.; ) )]
\ — v " g
[SvOAv ] I(ap

g Ky laylsde ] o canday Ky lade o elie I joye
Fasle ey a4 gy ye8hed )3 PNP Gio 4l K,
ks @8ly > K, Jlade VAYX V2 MTST g /o4 ¥D min?
SO, laBlsly mle (iSly (Bly oy ol jlade
Ao PNP (gl JoSUge |
8l se ) Cpgods S0, (gl Bol e Satow Asles

(ﬂ:svd—w :—k\[SyOAv_]_kr[SVOAY_][.OH]_ (Y‘)

k[5,0,711S0,"]



yyay b)w Ny 8,92

fe
* Exp.(IFLOWI = \f- mL/min)y
Cal(FLOWI] = f- mL/min)y
3 A ExpFLOWI - y\a mL/miny
yep ————Cal(FLOWI] = yya mL/min)
o) N\
ind ) X E xp.((FLOWI = A6 mL/min)
)
_ml AN Cal(FLOW] = A mL/min)y
kS yoF W +  Exp.dFLOWI-v- mL/min
T DA —--—- CaldFLOWI - v- mL/min)
z .
—
'

(cm) 15551, Jobo

e UVS,0,7 /bl b g Jadg sl )y Bl S (g0 2

Ol 2! o (s dideo 9 (connd &) guiid

Feo
* E xp.(IS YOAl = .0 mM)
CaldSvyOAl=¥fs mM)
A  ExpSYOAl=smM)
— Y. ————CaldSyOAl -5 mM)
—
I_I x  Exp«SYOAl=-amM)
g’ ------- CaldS yOAl =1 mM)y
~ Y + Exp.SyOAl = vy mM)
—
o —-— CaldSYOAl =1y mM)
Z
o
—
Ve

(cm) 1551558 Jsb

S sBA0 (ylojed Jo I ool Cuwddy sldlg) 191,958 ;3 PNP il oy50 5 (Flwlxe (1o lade o dun o 2 JSWS
2095 Ue5 sl s Cud 43 Crided g 0uS amnS | 5l adgl 85U slacdale j»

Al ol wlacbyr @S )gShes 3 PNP cwldl e
PNP (sl JoSlge comb slagle ©ad > s ojle &
Jl b b cutlsy sl Cam gy olej e
SyeS Job ) (lio Bl g 03y STy 98T, )3 0k Mg

DS Gjgo 59515938

S 5 4o

LS UVIS0 sl 4 amsie obis adons
oY & jaone ol gy jSTy58 )3 PNP bl 3 (g, Sade
ol aylyl (St Adlee )b YOF MM 4,55 zg0 Jobo L UV-C
sboodls (idg ) (cbie (LUl (Olodny puslSs 4SS L
0kiS dS] CllE penen (5L Slles Ll a0
Coo g ol A1 )eST)g8 ol g Jlow (sl 0
b syl s fslgn b SO (eba JSos), STy Ll
Al e anst VY X VA MTST Ll St (5l e

WAGA D ¢ bty gy WAPNNE bl o Ay b

Ao Lylpw 39 PNP Clilé ol 53 S Jo 2L
Sl 91,58 4o

(1) 5 () oSion cslodblon ol e (cJiSsls |
G My 55T 3 e ca g > PNP clile
(Sl 35 sy (e 5 0553081 § il o lac il
el lits B absles oyl Glojen o jl cilies ez
odol Cumdt) Slubxe g 020 polie Cpy dwslie
1ly5 alsgas PNP Gl 4 (YY) 5 (¥5) clodlslae > §
Y OUSS p dtwgn by b ldg) je58T,5 5 UVISO,T
5 228 bl Lt calhs ] oud oy ol
01 pll (sloars 8 ( odleiiny sl 3lge yidi 3 (Fluslore
S o 0B ]y (St (gadlslas pizeen g

Oil38l &S aad o LS sn 4 Y S 50 o o3y gl
et b & Voo e VY B /D ) S0, chile
OnpeS  ye8hed ale (295 > PNP cdale (als el
clale il Gl 0 die cpl ccasl ol 393 e
o35S 1] Jlb gotisS lsic 4 "OH 4 SO (el JiSod),
015 ol peilSo b slae o S,0,7 Vb (slacdale
3le (7)1 (1) elaalsles

Sl 295 4 S8 cpl 9 3 Gl ©ab el ladons
453 p il e Vo @ Wl b (2 SRl o cul Gl
995198 poed (g PNP clhale jlide cawl oud el
Rl (o8 altne pl deoy 393 jlade (a8 4 (el ¥)

R = cole



IFAY O ol Y'Y 2,93 e 6B Sl w9 (8050 et O 2] oot (o AR § o) A gl

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Hao O.J.,, Kim H., Chiang P.-C., Decolorization of Wastewater, Critical Reviews in
Environmental Science and Technology, 30: 449-505 (2000).

Behnajady M.A., Modirshahla N., Daneshvar N., Rabbani M., Photocatalytic Degradation of an
Azo Dye in a Tubular Continuous-Flow Photoreactor with Immobilized TiO, on Glass Plates,
Chemical Engineering Journal, 127: 167-176 (2007).

Legrini O., Oliveros E., Braun A.M., Photochemical Processes for Water Treatment, Chemical
Reviews, 93: 671-698 (1993).

Behnajady M.A., Modirshahla N., Shokri M., Photodestruction of Acid Orange 7 (AO7) in
Aqueous Solutions by UV/H,0,: Influence of Operational Parameters, Chemosphere, 55:
129-134 (2004).

Daneshvar N., Behnajady M.A., Zorriyeh Asghar Y., Photooxidative Degradation of
4-Nitrophenol (4-NP) in UV/H0; Process: Influence of Operational Parameters and Reaction
Mechanism. Journal of Hazardous Materials, 139: 275-279 (2007).

Mazellier P., Rachel A., Mambo V., Kinetics of Benzenesulfonates Elimination by UV and
UV/H;02, Journal of Photochemistry and Photobiology A: Chemistry, 163: 389-393 (2004).
Behnajady M.A., Modirshahla N., Evaluation of Electrical Energy per Order (Eeo) with Kinetic
Modeling on Photooxidative Degradation of C.I. Acid Orange 7 in a Tubular Continuous-Flow
Photoreactor. Industrial and Engineering Chemistry Research, 45: 553-557 (2006).

Lin C.-C., Lee L.-T., Hsu L.-J., Performance of UV/S;0s?>" Process in Degrading Polyvinyl
Alcohol in Aqueous Solutions, Journal of Photochemistry and Photobiology A: Chemistry,
252: 1-7 (2013).

Hori H., Yamamoto A., Hayakawa E., Taniyasu S., Yamashita N., Kutsuna S., Kiatagawa H.,
Arakawa R., Efficient Decomposition of Environmentally Persistent Perfluorocarboxylic Acids
by Use of Persulfate as a Photochemical Oxidant, Environmental Science and Technology,
39: 2383-2388 (2005).

[10] Salari D., Daneshvar N., Niaei A., Aber S., Rasoulifard M.H., The Photo-oxidative Destruction

of C.I. Basic Yellow 2 Using UV/S;0¢* Process in an Annular Photoreactor, Journal of
Environmental Science and Health Part A, 43: 657-663 (2008).

[11] Levenspiel O., "Chemical Reaction Engineering”, John Wiley, N.Y. (1972).

R = (cole

&\ »


http://www.researchgate.net/researcher/12549167_Oliver_J_Hao/
http://www.researchgate.net/researcher/38691939_Hyunook_Kim/
http://www.researchgate.net/researcher/2002692068_Pen-Chi_Chiang/
http://www.tandfonline.com/doi/abs/10.1080/10643380091184237
http://www.researchgate.net/journal/1064-3389_Critical_Reviews_in_Environmental_Science_and_Technology
http://www.researchgate.net/journal/1064-3389_Critical_Reviews_in_Environmental_Science_and_Technology
http://www.sciencedirect.com/science/article/pii/S1385894706003901
http://www.sciencedirect.com/science/article/pii/S1385894706003901
http://pubs.acs.org/doi/abs/10.1021/cr00018a003
http://www.sciencedirect.com/science/article/pii/S0045653503010695
http://www.sciencedirect.com/science/article/pii/S0045653503010695
http://www.sciencedirect.com/science/article/pii/S0304389406006662
http://www.sciencedirect.com/science/article/pii/S0304389406006662
http://www.sciencedirect.com/science/article/pii/S0304389406006662
http://www.sciencedirect.com/science/article/pii/S1010603004000383
http://www.sciencedirect.com/science/article/pii/S1010603004000383
http://pubs.acs.org/doi/abs/10.1021/ie050111c?journalCode=iecred
http://pubs.acs.org/doi/abs/10.1021/ie050111c?journalCode=iecred
http://pubs.acs.org/doi/abs/10.1021/ie050111c?journalCode=iecred
http://www.sciencedirect.com/science/article/pii/S1010603012005047
http://www.sciencedirect.com/science/article/pii/S1010603012005047
http://pubs.acs.org/doi/abs/10.1021/es0484754
http://pubs.acs.org/doi/abs/10.1021/es0484754
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Salari%2C+D.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Daneshvar%2C+N.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Niaei%2C+A.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Aber%2C+S.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Rasoulifard%2C+M.+H.)
http://www.tandfonline.com/doi/abs/10.1080/10934520801893774?journalCode=lesa20
http://www.tandfonline.com/doi/abs/10.1080/10934520801893774?journalCode=lesa20
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-047125424X.html

