by cablagg 4ol 0339 1WAD jusl (7Y (3ba) ¥ o plouds AA Sl — yinogs
o900 allio
b il 9 umocus ) S s gbowis ¥T Sis (19 Sgigy 8 9,0
LGS 628630 3 oolaiw!

(Ph.D)" Lisige 5 sams s (M.SC) 5 L w3 (PH.D) sty <o T (PH.D) i omesls L yobias

olel iolaw oliaw Ko 5 /:}lc oLl et lg 0dSiils (Loms Cuilag slige 0};

o.\g_&__;

| 48 )5 51 8 aadlin 5 y9—0 (M0 1AV JLw 3 (5100 yiwS jabdy el 5udgili 0 39,5 559 98T
J =55 @l o294 Ll g5l ()1 il 38l g 65Lle g (owlal Glauislyd S0 Sua b ool 5 Gl
31 st B> oSl puis S 15 5339l by Gl Jdd ol 00t plonil S g 1gn el S0l
ais 8 Lol couiiS danST g 41 (5 phannn | (w51 3 Liian! 5 S0l «Jlkin § pams yo W sbay &1 Wouin¥T
amdS b Jlu (b )0 bl g0 (05F danST60 9 ST &y JT dlge Jol (i (Sumo (ylKal g (anzmo Loyl ol o
Jd 5l asdlgw 9 (638 (Gova—nsT oulb 0310 95 ) (GO 4o Z gl (poSTg jl eolisiwl g (0L 4 g
Oyl 1) 09000l dril g g (PSS A TG 3 epoig=S 2§ S T(63 (59 SanS T pguilind dnnSI( g0
39 (6100 S 0 9 )5 (e U g8 Cxio 50 (w98 (60,599 Slmsl b a3l (g59L8 .Cowl ol Balaro ((Smad S gud
893 1= S50 Wl 1 aAsly (sl oo (glakimdo BB iul381 &l yd zedauw Losd 4 gl wlado 35 .0 )5 wlgs lawy susy
iy, 1331 g 0,5 0300l SiblS b 45 Wik o 3L lalllae el wplys cwerblivog Sl 3 6505 o>
Gyl (B 0 (Fo il oo (RIPI (el Hebar (LudU g8 STy s p Lo - (gl
S BB 6 (512 (5590 (5551 o (pudiaelyglo anidl (il sl 4 wilgi (o0 baumo 50 (6598 @aio 52 3 oo gblw
Lagl @Yl a2 4 gl s 4 0L ) (B @508 5 (wgd ol (olgs b lis o il gbbcunnd G5 gd iy
i G s 35 (3197 o0 (53918 (2! 31 bl oo S o j S FOPT 7S 50 e S50l 3 (S
331 05 totan 9265 4y ST ykas 5 pglio oty ¥T B> 51y 19 5 Sl T

o § Janxo Camd B g3 950 «SU s sousg VT 1 guuds’ sbaojly

it o e e s

[V ase iy Jlss e O S plie Cédn 5 aa s

23 Sy B Sl e Bl 58 ) e 0 L Comazr o a5 25500 Dl 4 (55528 (5ol

R P e PRSP L Y WESYRES PP PP S P P S PN P DUV
i s Laolas adis a5 o oy oo Y| i) 4 e Sl yige alen 5l ame slassy YT

u—v\;) W WY jm 9 (SA> )L—-—-A cL.a&v-L 4 DMYT

S 4y iy e Sy s il 5

5 Sl w»T 5T A S C“)’.‘ 2o 1 b gl o

Email: smmehdinia@semums.ac.ir SYYYOYY - NFF c il (st saiay i %

v.q VYAO/A/YO it iy )b ATRO/ /T 2bl s 4



L.:m w\.\,@.’ 4L o5 \Ya0 J:Lv ‘(9\‘ L{‘LJ)Y‘ b)\.«.& NA _)J,;.

esS

el ize G DS (2l 15 eles (31 el
2Ll ol eel 53 p lo i 5 slpe 5 S350
O] w5t g0 LBl cdlad 5y s 55 5 g

S detin Ol gee a4 Jol 5o c US55 o5
a8 osb A el e U b s b Sl
olee G b 5l as ole Lo o Ll 2 )0 culJUS
) o8 Sy ad sl Y s b RSy sl b S
S 53 Jel B3 sl V9] 55 salss s
534S g =\ i) Osline Joe ost b plen
A8 5,5 A =Y st e el s G2 desar 51 o
DIV I8 e 81 a8y cs e 55

5205 S amms ssba laesla aas 5l o5l
2 VO] 350 e ool (Kaal a8 a3
Laoolpans il s 5o, s &S Ol s
s S ol s 55051 J 4t S sl
Cob A ()l sl b o351 B 5l ola
o el sl ple (V1SS W5 4 b e &S (555
A VL plSG s a8 1 K0s 655 ok 5 b b
55 s o2 (Conduction Band) sl 51y xlas 3
Moo 5 G seas b bolg Vb 51 &S g ailate
oo Bz |y el sz ey 28 Jls ml,
0 S s 45 ALl e (651 B | (Band Gap energy)
XS s Gl il (25 e Jsb 4 Bl jiag Sl
sl axsls Blesans )lg S b Ll b 5t 655
Jls 4 (Valence Band) Y1 [lg 5l o S el el
el Yl Sl s e i slal 5 eas il
osls ol ) S o reUlSsm an) 3 Jas oy Sl
[VA] el o

g a3 o5 S Jlisl aedbS 5 a3 s
o Ly s s bl james o 4 oo i 5 Lagy S
KPP U SIS VO S SV T | PO 4
i Uy T 5655 51 0y 280 sl i s 5,5 e
ol e 5 lesaas mha 4 Pl 5 0az (b Gl

Yy

i L S5 sm aiar sl 3 oS el ey
ol Gl g R0 slaanl b sl gl Gis
Slaa) 3 [Y] 2,8 15 4 g 550 il Loat VT 458
el olra 5 S sl is, Jed 5l asas Jslae
535 Lagl cle (a0 Ks 56 4 530 5l ean T Jlas)
aias a5l 4S8 Wi e e Y| S a5 A
gl Glaa sl 5 sl el 5o sl 5t
ols—= 4 (Advanced Oxidation Process) s,
o) 95 JBa adar Jolae baanl 3l u-v;?v\:-
sladlseol) asle Jb aJWSGsl, a5 5 e W2,
claoa Y 5l Wt 05 S 4,00 oS il go JemS s en
sal 3 ol s [r-0] S aSl e w4 1, JI
S olsie 4 (Sanl e Ul 5 s iy gl
eV ahan 5 oat VT g5l w525 s Bose L2
F=A] Sy 01 5\ S i e

n o, ale 4b iy & smelipn) sladn) 5 508
ol s 54 W 0S5 51 walial 5 oy s g Sl ooy 523
e 48 Blasans (gloyd e by slas s LS 53 56 )
33,78 e fpelanS) 2l b s S LISl g
sl b S5 e Laoa VT oy o eel,
23 e ceasy LG S S olste 4 e
b g [A=N N ] 35, e S0 s pato gl 58
S s A e Kl 59 GG Sl a8l glasl
g Ui 0l &S s s sl gl (281
Sl b 28T s L eSS 58 255 6 et
Pl ol 5 e dl s L 5 iyl s el
DYVF] S e a1 a2,

3l eslial LSul (SIS (25 calis
s Al b el aiSansl ol gt w6 s 5]
ol (Al sl JalS oz Gaas oSGl 5 aoe Ll 2
LGS 8 0l e e sl 5 S deuls
25t S B 5 bt Glse b 03 S LS el
S MO U B AV P P BN



o SUks cloux VT Glo s s s,y 30,

el bea iy wus o has K IS 4 S S
b p ol edle Xpd e 5o O e A
PR N el lasl waa ol ol e ) (a5
RS PR S P | L gt sl s 5, e mls
et 3lpa 5 ol S s 2815 e 4 5 3 Jolae
oloe am S olaals s NA] b 5l 6 =S
shbs anb a8 e 15 eoli il s s o JUS 5
ol ol 551 B8 L Sl losy Olo sas
o8 9 009 0Ll 2 o 05 Bl so Jsd JU
CdS MoS; Fe;03 WO3 sasle dlisa sl pe il
olse 4y Lapl slacay;s.lS , TIO, ZnO Zro,
or 2ose s s N sbean ¥l 4 s 5o cuJblS s
sl 5 ey S ) Joas NAA] wlas S 5l 5

Ans e ol ) gl s 8

8 5 eams 2Sly sa S S e 03 0,8 Do
A 0580 Jlisl an) b sl sas O e 5
S8 S ple g b a4 K5 e s i 0 L
anls a8 ol 5 o S S m a)ls 35y sainagys S

VAl

Light

Organic
compounds o,

Walence band

a8 53 o s a Ul )y ol Jol e\ S

sl Sl bl sl aadbl8ss slaal

St ol by SO plsie 4 b ] 58 e )
CrhlB 4 S VL (6551 G e b ada Syl bt
iz Lls 1) asd) o Sas w5 Sb 550 Sl eslnad

S bean VT S wias Jolame sla sy O 4 cimod

DA gl 5,08 5 olse 56 ooy S 5 N Jsar

gj)\S

ol g0 At

ol aiais38 b K (ol ahas 53 u S s Ay 5L ay

Ao My At s ol asl 5 ol absls

oS s At

P I R E G U LY

Sk b upmlS s g ool T sl san¥T Gl
0% s Rl b oMb 5 O wias

sl ey Sl S

b oy 5 R 5

YL ol b ole o sy eaiS

olssand 0 Kl

AL20; (s 5t Ti0,
aslsy
AL20; (s 5t
Cd -Se sl S L& 5 b e
BaCOsz . Ln s olavs

oedS sl Slas

5 S el o Lo, 5K (6l e K Ulste 4 )
Gl L a0 5 Wl 5o g0 sles 4 ol S
Sl Sl ol e ke J6 3 S e
aalsn eblins Sy 6555 Loled Ga) - LN
505 o3l Lzl S L aS ms e gl ol Lozl

0y e ol = i) il )l

ARR

Coo 3 e 3 55550 S Sl esli il ¥
G U8 538
e 5 (M) 5L a3l U sl 5608 s
soms s 4 (Ve =V M) LS oslal s ala,s 5 bls
S50 w355 Gl WUl a o it 350 S8

5 el 5l 2550 US98 s 3ol ) 6 5



L.:m w\.\,@.’ 4L o5 \Ya0 J:Lv ‘(?\‘ L{‘LJ)Y‘ b)\.«.& NA _)J,;.

esS

JeeS a0 5 denS] s e SIS0l 4 HO (o S sl
ot bl s e Sl Mo rimer 5wl Ll
DS el @.T Lo 53 oIl 5 oW 5 S Jee
Pt iS5 56 o g 5 cn o) oo 4
e s U5 (LS sba) s b ol sas
s U el 3 5 anl b anal 2l 3 sanY|
Jel8 ooba o) ST b asles aSlon anle (ala aas
LEYY=Y0] wss o Joas HO 5COp 4 5 o0 o 5w

S5 SB35 58 olie 4 psslis sl (g3 O350
JUNYS U PRCHNS S NP PR Th ] I P e
b sy B LSl SV e 4 1 bl e
g aaly VG o3k g cwd O3l S5 ) S
S o S5 5SS s ol el oSl s pm s 1
DSl 65 5) e il ool 5SSl Lo VT G
lrean ¥l Gis g clis 02le K ol 4 polis
P U I DS ) W S [ PR HE
5 e gdelal Glaol wiar (IS Sl S
e 5 e ookl 15 adas 5 sy 5 g S|
U [ PR AN R GO PN P SV PR
3313 5,8 35 Ol e 5 olg LS5 5 05 e (K
G dS) 5 il 2enSliss e IBS L [YF-YA]
Jess5 5 (Anatase) LT Jze ik a3l s sl
¥/-Y ev 3LLT o5 Ble amal azzls 5 55 (Rotile)
Sl sad @ly iy csle b 4l o S o
[V aeb o Y/Y 55200 5,1

b sl and 5 U 58 50 cusls Y

UV 5 ao, Y-8 Lis ai)ss 55 50 & ool )
L st o35S an b 6,50 555 ol @, 252
r\—?v-ﬂ JJ}.JU\S Cﬁ.‘ dﬂw 09 L 9 ow‘-&w—ﬂ duu'f‘-‘s‘)
a1 031000 6 e U slacand U\ 438 635l [Y4] dipat
Sty 53 anil UV Gl 5l e 350 00 4l YN
s UV (500 s Lagl slag S0l olyd ol Lo s

20 4 &S Wt o ol 53 Sl 5 el 53 S

YyY

2 s sl sl 6 St by S5
Lo 5 o505 mte a5l eas dble 550 Ll e 5
S5 S5 e oy elsle andl (0L sl 4 Kl e
3 el syll (o i asl cedUlS5 ol
L olSal o) 638 50 St |5 el 0391 sal
Al p oo s 15 mle 5B I a2l S aas
B S0 4 e G55 2 Rl bl SL e dda
DSy 5 03,5 e oF 3, 3 WS Bl b o LS Ll
Corlin Uy s 5 &30 40 Vgame bl 1358 oL
S5 i elysa andl (4 o e 5 S ol VU e
V] 5l

JB SU sl 5 cov gmio saag) Bl ol
Gosld opl Ol 5ol 5 5SSy 5 (S wlas S
PRI NS AUVCIIN BC PR CRRW JERCI R RN P
ot @b Ly seesle el b ud g el
Pl 1 353 aiy il e s Ul (S5t
3s 8 5l 5 Bty ol by ol 5o ol e &S s
53 83100 ST bl 5 el o K S Bb
[INY ] oS il | 65t e 358 58558

Caio 53 op i 83 g Sl Ly S o5l
SUCIUEIVS S I B PSR 5 WP NI CHY IC - L9+
5 sl ol Lokl 56 sben JUlS s aas
N SVL e o mlae e w0l a8 o508
e sy Slaea VT Gis s e sla g5l
o i $La i 53 Bl e S a3l e
o SU s 5 olie laean ¥l Gl cgr 1on 5 Ol
DYAYF] oo sthe 52

Lo SU ks 5 ae Jalse raSla | e JUS
e OB Gk b ks S s bagl Las s ces
Lo g sbaawdbl s o Wl Il ane s 5o 1,
L s YY) assh e 25k osle $U 5 esla
aS oo iy s Sl i W5 cde 4 il anSlgs

oS 53 S bl (gl @.\1\.3 vf.\u\..d\ N u_f.,\.:.m\s O,



o SUks cloux VT Glo s s s,y 30,

Olsmie am a8 ol glosls 57 5 o 5 Sl 5
o] G Bl [VF] Cl sai sslizal 5, IS 53
25 5 THO, Sleslicul Uy I claon T g5l 03
ool sps |y Oladis ) kel isy st s
Ol o dsb 555 s asle gaamse Julye [FO] ans
Lot VT 4325 0l 2 Lo 55 5 PH Jslone 58]
UV s gse dob s cas IR T PR JYEcpe
Jodoes 53 0 5maSl e 5 s Lo sy ¢ pumeldee] 5o
ol Sl ol ol 48 8 )13 s 1 5550 GaeTIO2

TiO, Cla ad 5l 508 zon Isb L slap s e &S el
WIEIRRE N, 52 R JURETC JRY ST SR
L5 edS e 5b 0 gamlianns s 2l s, o U
L P Lo e s iy 5l ol b catlas el
al b 5o o) i) s 58 e Lean N Cy 5o
Sl 2 bl (ol 0o S e i S sl (ss 5 42
OS] 51 iz [PV] Sl Al 55 b 5l &S
53 e 4y IS oy Sy an Sl g 213 53 J ol
S ol ye 5 Kol 5l aalllas 5500 1y ey s slac]
ol 8l Jodowe 58t OLLE 3 sl ol 4 525 ol e
N P W PR N PRI { P QR ER S VIV PN I H EN
Sad sl el gl YOY 5 VA0 5 Job L sl
A RSy o [YA] 355 e 5858 5 UV L
Sslite L8 5 ol Lyl s boan VT 5l o)l
oS S oV sz St s PH o sl e
AU b8 10k L pH s e il
marg Loy d e QTﬂJQMw\eyﬂﬂf&‘g
L sl sl cel Lag oo s oo 59 281y il
solesls olas oyl el ap e Sy Ce e LS
a7 olsme ol ey MNP Jplons 550 sl e 8
Sy s M Glag o s 5 on s b5 IS
sodd ady lae i oy Sl slaw 2ol 58l ¢ oman
PR FOWSPE SE TS PR YR S SN e

Saom Sl (o5 olie imer 558 0 O semlienS) Lo

YVY

Sy SuSuS e Sl Slas ualilS s
655 b] ol 1 Loy S0 S e 5 s YL
5 oSy gl 52 O 5 HO L el )

S e Sl GaSy a5 S 5eS) S5T S IS,

o 5.4\3)\)

YL SaSo ) e ols S a8l el 1]
Sla Ly 5 55 0¥l slse a5 55 a3 36 5 asls
DS a2 COp 5 HYO ule (6, -0 o 0lse &), 20
) 5 oSt )y B 55 s S 51 s
o Lol b 5 [ ] Sl sonn¥T 51 gl 3
S sls plas Slidss [1Y ] aS e salizud o 4CO,
Dt ol 3l el Ly Sls A8 Sl gLy S0
o g e 4t HpO ) COpa 5o s S
sl sisly ol 5o aS LacSslos,l 5 oobmas o)
DS o ) sl A dmes polie Jseme Gl
CndBS 5 2, L o3 1o 5l s Bds 5o [YY]
Slazats Ly sad So o0 paslas aas] g0 0350
lodt ool ity JUas JUES (65, s 45 i) 5
Y sl LalS | s oy dilike slac kil
D08 Rl 8o ) S e St Sl A ol b il
Ol B Y Gl 5 550 p el ST (6 2l JUS g8
oz 03 8 o sl BB sba LK el cel,
S St 0l 4 s Sl L slackle 4 520
JLss o S e 5l 5l ol Dlade s onl o oLl
5L A @8 5 5l bt 8 B s 255 5 0ad
[rr] o 8 o Jime aals
Lbew Ul 5850 o, 5 45F ¢l -F
©olaob TiO, s WO; w sl e JUKS 5 eolus L
2 oS 5 YU oo e olas b 28Ty 5o ) pwlie
L g a o el sl 2815 50 055 oo
Ti*" Ll (28l oLl 51 ey oS il ;5 ZnO 5 TIO,
53 kile e B Lama 53 ZN7T Ll sl w35 g0 Jame o
o o 335 e el aSlen U8
&S o ;—“"} L L;.J Lme 53 oIl 5 s U 5 S hes



L.:m w\.\,@.’ 4L o5 \Ya0 J:Lv ‘(?\‘ L{‘LJ)Y‘ b)\.«.& NA _)J,;.

esS

L oS35 35 S beadblssm sb s bes S 5
JUasl 515 anle it Ll Jlg 4 b b Jlg 5l
g 52 e i 5l (6 5 e Sl Lap Sl
P SR SN S [ NP INCI Lyt
shace il 58l U 1 sl e 558 SasSanas] cpols
Cooln 3L oo Laaa VT 5l (6 5t Slde s i
LS5 5 ol s 485 5 e i SaSas)
oo A5 iSly il a8
digr Sly s 2 ol 8l sl by s ) g
S Gl el B 58 36 sl )8 5l e [VOA]
Jas s (JT) 5».5\5)\ 6\-“«\4-:.“ SV ol 0o o S s
[FOFF] At e sslimad O 5 o S A g 4 gyl
L Sl S Ssladl slags Saodn o aiols plas Sl
anSs HyO 5 CO; 4y 5 oa olo5 1S 2y, ) 5l enlaza
S S U&éuﬁj SV ol cnl pede Wsa
Alr s aS s Gla8s IS 5 0 85 IS (el S
Ol s polie Jsame Sprelanns] b 281,
[Pl Xss o

I 58 gl 81, -F

Sosli e Ly O aia lat s ta s
e Dl ST a3 S Sl s JUS s
oleashy Uy bl sl e o b ] 0 Ols
b 5 O ahar sbaanl 3 s e b0 S 5V
Slaals C s Jae Slass sanl b s ssel Gl 4y
[F5=0+] 555

A3y s U5 Gla) 55, dnn i 5o age Ble
Sl So5 s SasS Glaalide 5o i ol 51 eslina
=l an ol gl ol @lbw Gl 28 @\-’w
b bl i Las g8, ) o el e
P PR oY U | PSR I (PG PP g

[0V] sses oyl 2l 551 o Caecd 58 28 &

AR}

LS 5 eas ad g slags Sl il ols 4 s 4CU™
23 Sed U ol 51 gl Wae a5 oS sae oS 5
Loy 3l ol olde 55 “~>J§‘ Aol e 8 4 e
Loy oas Pl i 53 [YA] 558 0 4 s il cely
Yy Ju s o), sPianyigi Peeraliatkhajon
F oo 00 a8 Klodwy 4 ol 4 BTEX ©ULS 5 | b,
aod 5l 05 5 St aed 5l Gkl ke s Y]
G P U S TS (A E P O PRGN [ L+
251y omge o8 5LS a (dipole moment) ks s oles
O e ) a8 pe o5k sams 2Slg sl ge b by 28l
crple 4 Cus QT S STy 1 el o gs les 236
A pinoda o el Ko s el FpS
e Y 45 5o Ol sl e aY e Jol 4
15 02T (5 o 55 Jemily el 31 sy S
[F ] o5t ord Wy JoSo 0 JGS, b 28Ty
SU ks T Ol 5 5dUlS 538506 452 -0
SET 5l 5l 63 5o JT el s (o5 4w
Sl a8 315 aalllan 5 5e ey H5ba il b
Wl o Job 5 sss oad wile aame Jalpe [F1FY]
Lo VT 4325 0l 2 o 55 5 PH Jslowe 58]
P PN U R AP CI e RV UG P (YR
53 oSt s adl lap s oS s 2
Sl 43 8 )15 s 3550 Gme D13 5L e
Isb L slap s e o el o] Ky gl [FY.FY]
e N GESly 3 035l Cda ad 5l oS e
el ;S mm a5 5 s ol Olalllas L]
Jd 5 SUS Jls ol s 0lp e 5l ol o 5w
sl an IS slaglie 5 Loy sn ), 68 (WPCB (Sl g
S35 = sleossss bey OLS 5 ol o 5 asd e
slaanlp O sands o B Glaanl b o s s
ol Al e 2l e geme b Jlase il sm
2l olay Gl sl of Jlisay 5 il b aeal L2l oas
PECERC R oy IR P P P NSERN]]



o SUks cloux VT Glo s s s,y 30,

xlo

[1] Nassehnia SM, Gholami M, Godarzy M, Ataiy
nazari A. Survey of quantity and quality content of
hazardous wastes and its management in Damghan
industries in 2010. Iran Occupational Health 2014; 10: 63-
70 (Persian).

[2] Mehdinia SM, AbdulLatif P, Taghipour H.
Investigation of the capability of regenerated rice husk
silica to remove hydrogen sulfide pollution. Koomesh
2012; 14: 86-90. (Persian).

[3] Nassehinia HR, Gholami M, Jonidijafari A.
Comparison of benzene & toluene removal from synthetic
polluted air with use of Nano photocatalyticTiO2/ ZNO
process. J Environ Health Sci Eng 2014; 12: 45.

[4] Ghaneian M, Jamshidi B, Amrollahi M, Dehvari
M, Taghavi M. Application of biosorption process by
pomegranate seed powder in the removal of hexavalent
chromium from aquatic environment. Koomesh 2014; 15:
206-211. (Persian).

[5] Augugliaro V, Coluccia S, Loddo V, Marchese L,
Martra G. Performance of heterogeneous photo catalytic
systems: Influence of operational variables on photo
activity of aqueous suspensions of TiO2. Catalyst 1995;
153: 32-40.

[6] Laksana L, Grisdanarak N. Photo catalytic
degradation of benzene, toluene, ethyl benzene and xylene
using Transition metal- doped titanium dioxide
immobilized on fiber glass cloth. Chem Eng J 2012; 29:
377-383.

[7]1 Qijin G, Qingjie G, Changing C. Investigation into
photo catalytic degradation of gaseous benzene in a
circulated photo catalytic reactor. Chem Eng Technol
2008; 31: 1-9.

[8] Rezaee A, Pourtaghi Gh, Khavanin A, Sarraf
Mamoory R, Ghaneian MT, Godini H. Photo catalytic
decomposition of gaseous toluene by TiO2 nanoparticles
coated on Activated Carbon. Iranian J Environ Health Sci
Eng 2008; 5: 305-310.

[9] Kabra K, Chaudhary R, Sawhney R. Treatment of
hazardous organic and inorganic compounds through
aqueous-phase photo catalysis: A Review. Ind Eng Chem
Res 2004; 43: 7683-7696.

[10] Ray AK, Beenackers AA. Novel Swirl- Flow
Reactor for Kinetics Studies of Semiconductor Photo
catalysis. AIChE Journal.1997; 43: 2570-2571..

[11] Daneshvar N, Salari D, Khataee A. Photo catalytic
degradation of azo dye acid red 14 in water on ZnO as an
alternative catalyst to TiO2. J Photochem Photobiol A:
Chem 2004; 162: 317-322. (Persian).

[12] Masschelein W, Rip G. Ultraviolet Light in Water
and Wastewater Sanitation. New Jersey: Lewis Pub; 2002.
P.1108-1114.

[13] Akyol A,Yatmaz H, Bayramoglu M. Photo
catalytic dechlorization of remazol Red RR in aqueous ZnO
suspensions. Applied Catalysis B Environmental 2004;
54(1): 19-24.

[14] Michael B, Saffa R, Mark G. Photo catalytic
reactors: design for effective air purification. Int J Low
Carbon Technol 2006; 1: 47-58.

[15] Nassehinia HR, Gholami M, Jonidijafari A.
Application of nano photo catalytic, ZnO and TiO2 nano
particles and UV processes in BTEX compounds removal
from synthetic polluted air. Ph.D thesis, Tehran: Iran
university of medical sciences. The School of Public Health
2014. (Persian).

[16] Hosseini S, Borghei SM, Vossoughi M,
Taghavinia N. Immobilization of TiO2 on perlite granules

Y\o

JL)L}}&SMUL&SJ) 399 u,w‘f‘ L},,].)A.gc)'}f‘

RPN} sl b ol ad e o ama &

oloed asg) cpl s anl (il lase 5o SU ks 4 s
e S Sl Sl ozl olsie 4 gsose cal )l
ey e 53 SUBa T slpe 195 8 pr o gme e
O e 5 n Gy 3 a3l Sl s o 5
VG5 b B 5l 518 sl e 4 et NT ) 5y
Lol olols 5 O e il 4 4 b sl e Cnd
L 51 Lap] Gis wasy Slisa e ule 5 ol s,
oslisad o3 I [OFOY] atb e iy Uolianl (6 el o
S Ul 58 50 2y, adan 5l as slagy), 5
R C O L WP PV SPPU- ISR LA [V
sas oslinal sy cnl ) oler pdae 53 bea T 51 (65l
P CJL"’ sad axlis iy, K plsie 45 ol
Wl 55 o B LS 5 &S Jlarn] O 20 am 5 b ain
Lol 5 ool (o paie 53 Ft (g £33 eatsly axtls
SO ST e Loa Nl Gl g e e
sacd e sla  sanl Conoty S 4 4 5 | [OF]
3 oLisbs il 3 ansl lses 5 &S i ol
LS 5o Sl S o) Sl 5 ol 0 S
il s wals s 5 o sl s ok sleean Yl
il e Y a5 wile ol Jola )50 b it

Ans a3 bean YT Gis 1L

S it 5 e me e 5L 3 s)s e s )

Sty pobe odBails 53 Sl sty 5 (5 85 laie alipbly
o8 ails Jle cylam 3l i ey 55 130 ety o o))
b p e Siglas Gtme Coles 5 ol ) (S ke
5 o adlie o) 21K s Gl (S p ke o8l

~—5J3T@ Jesay 6)‘j§w\-:“



esS

Photocatalytic degradation of 4-chlorophenol. Environ Sci
Technol 1995; 81: 2974-2981.

[38] Kansal SK, Singh M, Sud D. Studies on
Photodegradation of Two Commersial Dyes in Aqueous
Phase Using different Photocatalysts. J Hazard Mat 2007;
9: 581-590.

[39] Ray AK, Beenackers A. Development of a new
photocatalytic reactor for water purification. Catalysis
Today 1998; 14: 73-83.

[40] Peerakiatkhajorn P,  Chawengkijwanich  C,
Onreabroy W, Chiarakorn S.Novel Photo Catalytic
Ag/TiO2 Thin Film on Polyvinyl Chloride for Gaseous
BTEX Treatment. Materials Science Forum 2012; 712:
133-145.

[41] ParentY. Solar photo catalytic processes for the
purification of water: State of development and barriers to
commercialization. Solar Energy 1996; 56: 429-437.

[42] Chao X, Lixin C, Ge S, Wei L, Hai L Yaqin Y.
Preparation of ZnO/Cu20 compound photo catalyst and
application in treating organic deyes. J Hazard Mat 2010;
176: 807-813.

[43] Zhang Y, Crittenden J, Hand D. Fixed-bed photo
catalysis for solar decontamination of water. Environ Sci
Tech 1994; 28: 432-435.

[44] Barni B. Laboratory-scale photo degradation of
chloro aliphatics in aqueous solutions by photo catalytic
membranes immobilizing TiO2. Chemosphere 1995; 30:
1847-1860.

[45] Shicheng Z. Heterogeneous photo catalytic
decomposition of benzene on lanthanum-doped TiO2 film
at ambient temperature. Chemosphere 2006; 65: 2282-
2288.

[46] Kazantsev RV, Nekrasov NV, Tenchev K.
Kinetics of benzene and toluene hydrogenation on a
PT/Tio2 catalyst. Kinetics Catalysis 2003; 44: 529-535.

[47] Jagadish C, Pearton SJ. Zinc oxide bulk, thin films
and nanostructures: processing, properties and applications,
Elsevier, New York, 2006; 4: 65-73.

[48] Hosokawa M, Nogi K, Naito M, Yokoyama T.
Nanoparticle Technology Handbook, 1st ed., Elsevier,
London 2007; 7: 65-75.

[49] Theodore L, Kunz RG. Nanotechnology:
environmental implications and solutions, John Wiley &
Sons, New Jersey 2005; 11: 12-18.

[50] Morkog H, Ozgiir U. Zinc Oxide: Fundamentals,
Materials and Device Technology, Wiley-VCH. Verlag
2009; 32: 23-32.

[51] Jagadish C, Pearton SJ. Zinc oxide bulk, thin films
and nanostructures: processing, properties and applications,
Elsevier, New York, 2006; 4: 65-73.

[52] Marc G. Photo catalytic oxidation of toluene on
irradiated TiO2: comparison of degradation performance in
humidified air, in water and in water containing a zwitter
ionic surfactant. J Photochem Photobiol 2003; 160: 105-
114.

[53] Chuah TG, Jumasiah A, Azni |, Katayon S,
Thomas Choong SY. Rice husk as a potentially low cost
biosorbent for heavy metal and dye removal. Desalination
2005; 75: 305-316.

[54] Norisepehr M. Guidelines for drinking water
quality (translation). Tehran: Hayan publishers; 1994.

[55] Farzadkia M, Rahmani K, Gholami M, Esrafili A,
Rahmani A, Rahmani H. Investigation of photocatalytic
degradation of clindamycin antibioticby using nano-ZnO
catalysts. 2014; 31: 154-168. (Persian).

ARN

for photo catalytic degradation of phenol. Appl Catalysis B:
Environ 2007; 74: 53-62. (Persian).

[17] Rico R, Lattes A. Heterogeneous Photo catalysis.
New Jersey: Wiley; 1997.

[18] Lasa HD, Serrano B, Salaices M. Photo catalytic
Reaction Engineering. New York: Springer Science; 2005.

[19] Haghi AK, Thomas S, Mirmahaleh MM.
Foundations of nano technology (1). New Jersey: Taylor &
Francis group; 2015.

[200Ao C, Lee S. Indoor air purification by
photocatalyst TiO2 immobilizedon an activated carbon
filter installed in an air cleaner. Chem Eng Sci 2005; 60:
103-109.

[21] Haghi AK, Thomas S, Mirmahaleh MM.
Foundations of nano technology (2). New Jersey: Taylor &
Francis group; 2015.

[22] Nassehinia HR, Gholami M, Jonidi jafari A.
Evaluation of nano photo catalytic process application by
ZnO nanoparticle and UV on benzene removal from
synthetic air. Asian J Chem 2013; 25. (Persian).

[23] Andreozzi R, Caprio V, Insola A. Photo catalytic
oxidation of 4-nitrophenol in aqueous TiO2 slurries: An
experimental validation of literature kinetic models. Chem
Tech Biotech 2000; 75: 131-136.

[24] Al-Ekabi H, Serpone N. TiO2 Advanced photo-
oxidation technology: Effect of electron acceptors, in photo
catalytic purification and treatment of water and air.
NewYork: Elsevier; 1993.

[25] Buechler K, Noble R, Koval DC. Investigation of
the effects of controlled periodic illumination on the
oxidation of gaseous trichloroethylene using a thin film of
TiO2. Ind Eng Chem Res 1999; 38: 892-896.

[26] Sung W, Misook K. Preparation of aTio2 film
using a TEOS Binder and its application to the photo
degradation of Benzene. J Ind Eng Chem 2005; 11: 416-
424.

[27] Byrne J, Eggins B, Brown N, McKinney B, Rouse
M. Immobilisation of TiO2 powder for the treatment of
polluted water. Appl Catalysis B Environ. 1998;17(1):25-
36.

[28] Low G, Matthews R. Flow-injection determination
of organic contaminants in water using and ultraviolet
mediated titanium dioxide film reactor. Anal Chem Acta
1990; 231: 13-20.

[29] De Lasa D, Serrano B, Salaices M. Photocatalytic
Reaction Engineering, Springer, New York. 2006; 13: 19-
27.

[30] Oppenlénder T. Photochemical Purification of
Water and Air, Wiley-VCH. Verlag 2009; 5: 3-11.

[31] Savage N, Diallo M, Duncan J, Street A, Sustich
R. Nanotechnology applications for clean water, William
Andrew, New York. 2009; 54: 31-41.

[32] Schmid G. Nanoparticles: From Theory to
Application, Wiley-VCH. Verlag 2004; 7: 65-81.

[33] Rico R, Lattes A. Heterogeneous Photocatalysis,
Wiely-VCH. Verlag 1997.

[34] Feldheim D, Foss CA. Metal Nanoparticles:
Synthesis, Characterization, and Applications, Marcel
Dekker, New York. 2002; 19: 86-97.

[35] Fryxell GE, Cao G. Environmental Applications of
Nanomaterials: Synthesis, Sorbents and Sensors, Imperial
College Press, London. 2007; 76: 31-42.

[36] Joo SH, Cheng JF. Nanotechnology for
Environmental Remediation, Springer, New York. 2006; 5:
45-56.

[37] Peill NJ, Hoffmann MR. Development and
optimization of a TiO2 coated fiber opticcable reactor:



Koomesh Autumn 2016, 18 (3) Environmental Health Supplement: 309-316

Review Article
Application of novel methods in environmental and health
hazardous pollutants removal using nanophotocatalysts

Hamidreza Nassehinia (Ph.D), Ayat Rahmani (Ph.D), Gholamreza Ghaieny (M.Sc), Seyed Mahmoud
Mehdinia (Ph.D)”
Dept. of Environmental Health Engineering, Faculty of Health, Semnan University of Medical Sciences, Semnan, Iran

(Received: 17 Sep 2016; Accepted: 15 Nov 2016)

Photo catalytic technology has been studied extensively since 1970. A lot of researches have been done
to understand the basic processes and structure and photo catalyst efficiency increasing, particularly for the
prevention and control of water, air and soil pollution. This method is attractive because of the impossibility
of removing many contaminants to conventional and common methods and using atmospheric oxygen as
the oxidizer, the possibility of complete mineralization of organic matters to the H20 and CO2 and this
process could be used under the environmental conditions. During the past year a lot of attention has been
paid to the reaction of photo semiconductors, metal oxides such as Titanium dioxide, Zinc oxide, zirconium
dioxide, tungsten trioxide and cadmium sulfide (photo catalytic oxidation). In this case, nanotechnology
will find wide application in the future with the creation of a new approach in the photo catalyst industry. In
nano -scale particles, not only area increases considerable, but also other effects on optical and
electromagnetic properties will be increased. Studies showed that photo catalytic reaction rate increases
with the particle size reducing and increasing in the oxidation — reduction potential, significantly. Even in
some conditions, the energy emitted from the light source can be used in place of ultraviolet radiation and it
could be the effective energy source for photo catalyst. Nano photo catalysts with the hydrophilic and
strength nanostructured catalytic properties due to their high surface area to volume are one of the key
technologies for environmental pollutant control. The nano photo catalyst technology could have used for
applications in water filtration systems, waste and air for removal of resistant and dangerous contaminants

properly.
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