[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo

RTLR VE T RUAVI RVERN Fe 4|
VWE B V5D Sl A FAF Slls (g o5lads (a 050

"

Available online: http://ijhe.tums.ac.ir

eJ|
& 7
Uy
(AEH) |

u&h}}: Jle

ST 1,3 56 5 olial b 1sn 0L o 51 0 bisl e GIS 428 Gl s
ISM-5 CJs) 95 g odhd Sl (69,

Mmoo e {0k b e (ol 3 ol e Sl e
Ol Ol ¢ i dgd STy ke oSl (g 0dSTE1S (gl 8 gy pitige 035 =)
Ol Ol e o 5 oSN (el 0 dSLils (g ab o il wdige 03 S Y
Olnl Glpal Ol gl (Ko p5ke S0 (g o dSiils (gl b il wdige 05 S Y

s> L e ool =M L
oéwd‘bj‘}a;il:iuctv&)éﬁwﬁ)\f.}di@%fpQQﬁL@N‘f}J)AZJMJ45.:6)' \?/'\/\'* ZLJL&):@)U
}JJ;*S‘U[—-MJ‘}C-"—M‘-’)-]‘:N)’P-'SJ;ui'ﬂhjlaL’“Q\jﬂ“-’bfk—J3J:§L5")b——§ NZAAAN &‘J‘ljéJU
. ) TN . .. LT a7/ ¥/YY D e e,
u,\:-él.auzj)‘l.m,\;.f}(luJ;-L;Lau;JJOﬁﬁa)}fl..x_w)wjbg‘_;))ﬂu\u.x;- ¥ St e

. . _ ag/+£/Y4 :)Li‘.:SI @)U
Ol Gl Cua b adlles pl 1wl a8 513 Glosis amr 55 5550 i JUIS s

S 55 S0 edd S (S AemST 2 JUIS 528 ool leslinal Ll sa O 2 510 5kl

A el ZSM-5
b BT 3l eslizad ol 5 (glacadBlS (gla S5 s c oo andllas opl 530 gwy S5
Slp o s (SEM) i) 5,80l O sSas Koo 5 (XRD) oS ansl 31, BET
343 8 sl Sl Slacbale s 5l pasein Clils 5 03 55 0 plul Sl W
2 3530 UV/ZSM-5/Zn0 5 UV/ZnO ) eslizal L o sl ol Gl 18

ZSM- 555 (ol s 1 gadS 0850,
dﬂt‘.«-ﬂ‘ S ..L;«.S‘ CJ\)J}JL' 45

235 1E

SUslal Ghls 0t A 5 (555 deeS1 oS 515 0L SEM. slas s XRD U1 s s laasily

Gl s Dleds cus ZSM-5 Sl 85 S » Biae Doy 40 S350 pl 5 ol
Ll 3 0 bl Sl ZSM-5/Z00 5 Zn0 slaceJBlS 8 sl 0L Ul g ek 8 (S5 7S oy

) nakhaei m@ajums.ac.ir

AS e Bl Ao 3 YV 5V Y Ol 4 5 5 4 1, 0 ppM

S8 o) 2 G ST S350 s oS sl 0Lz andllas pl Glaanl i(g S Ao

osliiad (baasl plas a5 L sl O bl W JU 53 4 2 5o 2ol 33l I ZSM-5

Chby Bl G sl s Ll5 e GBS 5 5 ol (e Sl )

Ak wlise laea VT s 5 0l

Please cite this article as: Irvani H, Shojaee-Farah Abady H, Shahryari M, Nakhaei Pour M. Evaluation of photocatalytic removal of styrene from air
flow using ZnO nanoparticles immobilized on ZSM-5 zeolite. Iranian Journal of Health and Environment. 2017;10(2):165-74.



https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

A N4 G eS8 5 s 1 (kS S
S5 n b Seal Sk DLS 5l LA sl
I OlS 5 2als b Gl gl il gla i, ol
slaagl pa S ol an S 15 eslir wl 550 1gn 31 )5
S Gle Gy p s ,me (AOPS) a iy 05 wlilS)
3CO, w6l s s 5l e TS 505
e JUS o6 o

s odws slaedNT 51~ sH O
Eoly 5 dns e IS 1y STy sladle (550 S 55k
5w ol sad s se slad gy 2SS 3 g
Ul 535 (N 253 g0 Bl iyl 3 LS 580 O
5 on A 4 ol 0l o3l l Loty VT s (sl g3L 5
5 (THO,) p5iles AnST (63 L JBlS 5 (ol o S sooms
Bl 53 3 Zn0 () wies (ZnO) 55,5 dS|
5ol osls 0L TIO, 5z gl a8 oo L 5 e
A 53 THO, (sl oS sl Sl 501 S Ol ms
3508 Comme L0 ZNO ) oMo 3o 43S
a5 B s s 51 sl gl L oS el (g3l i
058 gdae s 5 53200 635 50V )
s oy ez Jae o oot VT LlS
Ol o ZNO w5 o S35 51 .OF OY) cules S
Izl S e G S YFV BV U 5 03 28 L GBI s &
35 o)l GBI slos 5 5 032U K 70 5L (55,0
w3 53 S g glesle 40 1,200 (Slo pas
G5 bl Glaellis (shods 2 sbad b (S5 S
OF1) il o3 S s oo JblS 5 58
s Lo JBS 58 LI Gl Cus e s S
TN EEPPUNCRCIN S LU [P P SEUR IS
53 Rl Bl olulia s Ll s 4l sbaaly
S s 4 (el L Il L1530 L gl Jol jas J5b
S al Cospde ol 4 Ll e a e SlalS s O3l
5 M S (st St a5 L e
3o Y plad 5 (S5 Canslie 05— S5k
el i 015 5 Y e et S sl JES

\55

o,.gl:.w‘ Mlslfs:é Gl i

FURYP)

Slro T o 500505 51 (VOCS) S, T ols 5
@szgwéu@wszdw\j_ﬁ
e D R L
oDl gl Sl s e 0 LS & 550 LS S
APSTI .Mﬂkjbuursdugm;ﬁ,:} ols!
Sl gy 7 TS 5L s ales el
SlS 5 ol b plas & cul osls OLis Olallas Lol
s S0 2 A dap—iz Ol e il (55150
S e bl 1 Ol e o 5 (SAS Sk pos (e
ol CHy plasd J5e 3 b T8 5 G 0 kel 0-F)
sy o bt oa s At 5 O3 Jous slael b as
S e aS el K g s mle S eesle
Dbl o gisn b agerlye il O3 Sl 513 5 e
S 3 S o)Ll ks oK Sl g e Sl H Ol
(Shas Cind S el 5 Il (S il bels e
e 3,13 ol e 4 1 65 Sl 5 (sl C,Lc—c;;a'-
b g et 5 IS (o SO sl OT L agrl e
2 eisns S Dl bl (S35 Coan Sl galpl
3T Gty olsl e 13 )l3 3y 5 U 5
w53 0 plul (IRAC) 0l o Clids ! oy
ol 45 psehe pl a3 S o 15 2150 — BY
ol b 3. (0) Alad sl 0l DLl 5l Ll 5 e
s lasdias I ) oSty mlbes 53 Okl K
plomil Gla ooy 2 bl 23,8 o 513 eslin il 55 50 1SS
Lol oo 5 Sty 5 oS 0l b OLS S el
(F) s 4zl g0 Yoo ppM o slac bl

wpibeh mbo Gl e Gy D) b aili it
ST US s G ) 03 Sl 5 G
Lo o VT (gslalay 51 i 45 (g shy il 03 305 Sl
ORAE L Ol 4 s SRS sl hss SwS w ill s
Gois 35 ol 31 V) 353 Bl DS 5 ol 5Ll Ol e
oz 5l e wlio 53 xS Gl B 5 s =S

}fg yﬂy
1195 Glisls /pgs o lad /s oyes | f
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

OlyRe g 551 (259 Wime

ooy oS Jold G pl s eslanal s 5o Aol ot
3 Oplial A5 dadoee 2l 5y LW alaioes dga 5
o3zl 35 50 s 3l eal St 3 a0 Dlikate L
adlan pl 53 il o osls OLES ) S 55 anlllan ol s
Lod a8k s el casb) s e s e ol el
31 k550 slaclle 55 0 b ul ol (slea el slate
O 2lisd Sy 5 i o ) A 3Ll Soliys s
CSpa S L) OV Wy o 55 Cilses glaci Ll pa
o2 LB A esli b bl alaises e« (Hitachi Ltd
A sl 3 e (Gl 5 STy S 4 e L b gles
23 S g5 diios oy 2 05 0 plnl Bl ol
et 513 ol8s Jae 5 (O MNIN) asiie Slo fool b
<L 5000 Ja) (Phocheck tiger) , Kb <
S8 (PID) Laoy sy (53l ST i, L S (0Tl 528
Slrosls 5l Oliabl jshe 4 ds S 5 (5, S el S s
DS L e Plus e, Seslul 51K o kel o
S S lLl slaesls s 31 Oluabl ) gt a0 cpimean A
S o8 Lo 5 L Ble L S wsad Ly 8 s oS
FID | 355 0 ¢ (Philips PU4410) 31 S 5L, S

R (_;J_.,fe)\_b\

CndB1S 428 Ooliasiin (puas

STOE‘OKJ_..»:J )‘ cX )—?ﬂ leﬂ 6)1.” &;—J LS‘J—’
LVOF A olSas sl 26 2 5 dsb it 03lizl STADV
G 20 w55 el Sses aS 35 Fr MAY KV W e
Oisre odrls s o pianl s p Sl Ao Sl A
Quantachrome o&zes 5l ol i b 5055 s e
Sl L By, ol 55 s S esli_wl Chem BET
u.l;— C]a.w ulﬂ <rL~;.-\ J;'-\.: ookl Gy <l )Lf Sl
Q‘Y)—Mﬁdjpjﬁ)}ﬂ ‘}_w)f.))_oj‘jdé;b)\.b‘aﬁ}
J}JZQ‘ E;)K_wjjf\:a) o)l.o;l_w(b;;b)o)\.b\‘j@)
35 L FESEM hitachi su yor Jlae LS i,
s el 1O KV seas s

: 1195 Gliunls /g o jlosds /@ 095
. Yl /pgs o )9

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

\ PV

b slaoly 3l a5 (65 3 4 e Sl IS 55
e s ey Obe s oul )8 pl sl
Lol 15 daen b 5 4 Sl 2o Ul sl
6LAC~:J)3)OJWJ.LJ~Z&AJ&_¢AL5>\)&)UAM>)DL
JJSJ:J}Jejbo)\x‘)\w)%bbd‘j&\)dcw
Shls 5 Jewliy o3l gl ¢ ZSM-5 (g pm 55 .(Y)
Vb ks Olsee Shols S5 658 ) rama el ol

YY) il (5ol Cnaal (11 j(%> 5)
o:l.é.:*.:l L Qﬁl:.w‘ Q‘)L}u dv\?- L;:E;u“ Lfl\ ).) |.U ")‘—"")(5”
S g odkd o Zn0 S350 WU g sl )

L b, s 3l

AT e 53 5035 o2 7 3l aalllas ]
o1t gyl esli ol 5, 00 ZSM-5 e J 5. S ool
ol 3 5l aS o3 g o 55 Ctl /0-) MM &l
GV ol do3) Ol s 5 (gl 2 55 0l
1558 5 @n(NO,),.6H,0) aT# 55, ol = (44/4A
S 5o oS 5 5 CTAB) e p g pol e (55 Jois
R S EE RO PP PRI

A eslazal J5 = Jew i, 51200 S350 s Cgr
ol ot 0 1 8 (g5, Sl 23 O/VE @ lu | 4S Sy g ol
5> (CTAB) wles  psisel Jo 65 sl Sa0/V 0 8
Sl SV g 5 A Jslows) Las > e T0r mL
et (B J o) b = ke 100 ML s o
5305508 Il 53 S A Jglowe 4y o b o, 13 B Uy lone
S Sl Lol bl sy 03308 VB oy s WLl
sles 5 el 6)}15-?' S e &)}T@-?- 058
008 s oSS gl s s F iV oC
bS5 )3Yh cw Y °C gles ;s


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

Q)‘lu‘”‘ Mlslf,:é Gl i

b (33 (Y g g () Snles ) 4 US55 04525 3T s 0 (ol s 31 (Sloslos (sl ) IS
w&;a}‘»\s‘ Q)ﬁ (* ‘g;i):'i”l)‘é(/\ sb)té“.kjm(v “7)—‘ 6}\? G—gjb (? Gbﬁuﬁ‘| d}l’:ﬂ 6}\? A_SJB (0 cJ:.AU}) (f LM
Okl CBlE eIl oo (VY (KB 5 s (VY UV ¥ (1) SB35 55581, (Vo (0 il

il ol cab s sl g Zn L Dl gl sl
sl 5t s, Kby 45 Ais sdalie ot yoi WS
XRD (5, 5ol jalls s &) g0 4 ZnO
aas i LS Cusd 40 ZSM-5/Z00 5% o Ly
5 Y0 = Y&/YA YO = YE/FA YO =TV/AYF s ZnO 5L
i go I 5 dease e o Sy 345 3505 13 Y0 = 05/5Y
el ZSM-5/700 &l JUIS 55 sl

<lpd pbas ol oL BET bl sl ol =l
o sl AT e 55 s 1) 5Zn0O
o525 o SLISZSM-5 ey oman .l VY/AP MP/g
S 035 oo sliasolis ol oS 635 YOF/Y MY/
oS 5 S 55 555 2200 S350l Sl .ol
3L A YYV/Y M/ w0 O 635 haw b 0T 05 S
¥/ A nm ZSM-5/Zn0 . JUIS g ol i s - Sl
s e OLES 1y (g 55 CndBIS 5 05 g sl 5L aS s
S 5 5 ZSM-5 Zn0O b 5l edel cvus s slas
wargbcaleddesls LS S5 s ZSM-5/ZnO
ZSM-5/Zn0 = JUIS 335 5l sdal Cowsas SEM |,y
o LS|y Sy e 2 S b aZn0 o,
FONM | 2aS 550> 53 5 e 6l sloal Glls 5 Llods
Fet 3 235U B8 se Lo IO 5 s
ol ZSM-5

\EA

ISM-S o) fes $95 2 INO S5 5L cois
Il o3 0 e 555 -Zn0 Vs g gslweslel ol
Yo min Sode 4 565 S Lol haie ol e 1,Z0n0 /0 g
CRPSEYY - SENIURE PR IS JES PRIV O PPC IR
@y es S wlol Sld gl sl O genils s 40 |, ZSM-5
WLSUub)le)g,zL;,)ﬂ\th;m@jpmu,y
TP s M e 55 2200 S350 5 X s b s
Sl 53 5038 A Gl b e LS S1E S5
058 wwdS gl p ol s e Sex YPh s w A °C

RO SRR (oF OCLSLAJthQJﬂQGJJSJ;.-‘J‘)J

Laaily

LUl gl S5y

Sl b ol AN 03 5T oy s 1 5ot 31 S
soede XRD iy, ol XRD iy il LS 5
658 a0 aS ol 3B lge Jiw S Sl s 53 UL
S 2 leoed 5 Nupd Dt 1 U Sletle D ks
C 53505 XRD (o SUIY Y Ko LS ) 5015 3050
o 3 ZSM-5/Zn0 5% 5 ZSM-5 i_i . ZnO
ol Zn0 w by 0 XRD (6 Sl das o 0L |5 andllas
Sl Qll Sl s gl Bled 51200 S das

%ﬁ yﬂy
1195 Glisls /pgs o lad /s oyes | f
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

Ol5e2 g 591 (25 0

(101}

(100)

(002

Intensity

(110)

JWL__ L

rrrrrrrr

2a°

odd juw ZnO XRD 5 K1-v s

Fmly e

Intensity

ZSM-5/Zn0 (z ZSM-5 (o ZnO (WISEM ,5las -¥ IS

: 1#9% Glasls /pgs o jlosh /> 09>
. Yl /pgs o 03309

Ol bumo bl sgs ale ozl iudg ju ole aoliliad V74
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

C,.]é.l..c)b 3-5'“15" cdalie 45)).]44\.@ el sl 0als OLES Y
35S s sl aids V) s 0 ppm (C)) 65555
W}obﬁg;\;—b&ﬁu\g&\)@(m‘)wﬁj_w
Chle Ol a3 pldl i YO min ole s
53 e 353 00 OeSS (C) 57 5 (C) 3555
)_}‘Sbfjf))dﬂt—w\Y\ A.E.JBJJJJ"prmc;_E.Lé
f}ﬁjd))));}w&b—:ﬁ\“ @J)ch.l_..;]hl.b.

Sy Pl e 5 250 00 OLSS

$9939 lall] gy cdalin) o v
~o

o
f. 4
v. 4
Y. A
Ve o
. Y. f. & A \

‘_'”.gl.“w:‘ Mblfyﬁ Gl i

Scbils s 5kl Cls s ZSM-5 e 5 oI,

Yreppm 0
b ol Aol 3 5 b Sl 8 ke el gla
L iy B e ea O o Sl ed VT Gl il sl
a0gm 5ok VT 5B is ) s 4y Jais Bl iyl 3 ) S
A Y E ol 555 bl mld ol delr oo (655
bt Jloj 4 a5 L Ol Ol od 2 ZSM-5
Sasad 53 5581y s A 00 Ol Ll peb 5 S

\Y.
(min) ;b

V¥ \f. A Yoo YyY. Yy. Y#-

(Ao ys YO\ tiysb, YE &y LIkie YO £ ) OC:les o) L/min : ys) & plial O =Y s gas

g s ey ppm 500 o ble s ZSM-5/ZnO
L Oplial Gl LIS cpimman ol o3 VYO 5 VY
WFoppm 50 coble ;5 Zn0 el JUIS sl

Cow
e 4 sl 0Lt O S sy Vb o5 elae (51l
2L EASTL (1 e U 5L g i85 e

e 8 I e
&SIl LZSM-5/Zn0 5Zn0 o JBIS y ol
Yeoppm 500 chle g5 53 O plil o W JUK g o 5
Oals 1 B agrlse 5l ol il 28 S 13 30
O > J—lis 53 ZSM-5/Zn0 ,Zn0O .G 55
ol 03,31 Y Slssad 53 O plal Sllsy gol> gl a
L0 leble JulBIL opd e etalin &S sbolas ool
53 S Iy ials < JBIS 53 a5 G LIS Y ppm
B 3l eslizal L o plind Gl LS aS (s, sk c

%g yﬂy
1195 Glisls /pgs o lad /s oyes | f
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

OlyRe g 551 (259 Wime

++-+-+-+.+-+-+-+-+-+

~o
1

(>4
1

=3
.
1

X
1

$9939 Clale] > g 45 clallm)es

1 +
P e O SIS R % 0-9-0—o—0—o—0—0—0—90

——UV/ZSM-5/Zn0O (C0=0*ppm)
—@—UV/ZSM-5/Zn0O (CO=Y"* * ppm)
=%=UV/ZnO (CO=0"* ppm)

=+=UV/ZnO (CO= ¥+ *ppm)

Y ¥ Feoo Ao Nee Y. NY.

\#.

(min) ;b

(Lo ys ¥OE V 1iysb, Y8 @i ldie YO £ 1 OC los o) L/Min : 35) & il oGS 425 Sl =Y s go

Alae 2l 158 Ol 1S iy ed i 05 200
py;\?w;uﬂsgmu@uw.m)w\
0Ol e O BYs 5l as ol [l okl cdals 2053l
Ol 4 5 8 o5l 0l 5 b ol 518 slad S0 50 5L 5 slias
e 4 3 o 53 il e U Ll ules 5 Jlis!
ZSM- 55 ol oo G 5o 0 plind cdale (o510 s
sAsilian adlas ;s (ol oden; o uSs a4 53555
350 ek S8 A 4 0l ul Gl S LS
Sl sy cble &S Ul e ie w3 S )5 andllas
Slandlae 53 pcoman (YO) ol Ol Ayl 3 53 (GlodiS s
Sl G 3550 53 Yo 00 Jle s ,Kes s Baltrenas «
A oalizal i Ol o Sl 55 51 als sl 1pa 510 e
Aile ladls s ol om0 o 555 chK,iibijUa.a RIS
25,5 518 a3l 2 pm Ol 5 o5 3l 5 b o S
O plul A mg/m? G /oY mg/m® sl clle s as
4 Gl Olsee VAV MY/S 5 0/89A MY/S gl O >

Camdly ) (Y9 ol ool ooy Ao )3 OV/A 5 PY/A o 5

: 1195 Gliunls /g o jlosds /@ 095
- Yl /pgs o )9

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

WA

CendBS 5 Shae 53 slodylp Sloss agaaS oyl o
a9l Cusby g Loy andllas pl 53 (YY) Cils dal g
Sladllas dda S b3 3 Ao Y0 YOV C sy
BB 5 Bl gl bes o Sabia | s sles (315
(Bl 528 (Slants Sl 5l g 1 S il S 3 e
0L es sRangkooy .ol Gl gla s, s
Lyl 5 s e 0L 5l asile b B O s oS glanlae s
Sasb cn g 3ls 13 ) 35 5 (AT il
YO 1y ol gl 1Sl = ZNO ey UL 435 e )
cﬁﬁl.bp);g_é.l}sqbﬁfa@u .(YV).X_?:JSP’L&\ Lo o
3 O LS O il ke il S sl 0L
S b S s Ol g opl b il o 2l i JBIS g
ealS sdaasglis SN clle s Gl de s Os s Sl
el WU o lale js L JUIS g g s STy Ol e
Gl oS s bl U anlie b oso ool alie Sladlas
Al Ol () 53 o Ll s alin gl 4 2 JU1S 50
3Pl v g aslle b Gl 3 0K s s Rezaee


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

2 4 sk a3 510 plal Sl Bl g
L1y 0 bl Ll 5 0 UV/ZSM-5/Zn0 ol b sls ol
g5 ol &S 4525 UV/ZNO sl b 4 s 5V LS
o Sl Sl gl pa b Kl5 e b s Sl
2550 (s oo (fa ) L) Rl b s (2B 2 4
Sl A sl 3580 5 138 13 sl
O asdllas 3 5e (308 50 53 3 T slae VT L sl
Sy g e e ple o8 55 e slei e S
4&]Uﬂ.ﬂJJ}G&...)Q}&);LAJL&JW}"MUS}E

AT iy (5 5 el i b3S )3

J‘))Jﬁ;‘, ’Smo:"

2SS bt ol g olStulesl 3 Sl G plonl

plnil Slgal Ll i (Sdyy o ke il cilug

JAJM@KJQ\AJT(:WJM}&‘MJ}Q_JU@JoJ;

Auled i35 S8 (s

@l.:.a

1. Brightman HS, Moss N. Indoor Air Quality Hand-
book. New York: McGraw-Hill; 2000.

2. Hunter P, Oyama ST. Control of Volatile Organic
Compound Emissions. New York: John Wiley; 2000.

3. USEPA. Sources of indoor air pollution-organic
gases (volatile organic compounds, VOCs). Wash-
ington DC: United States Environmental Protection
Agency; 2006.

4. Hajizade Y, Nazmara S, Teiri H, Parseh 1. Deter-
mination of volatile organic compounds (VOCs)
and total hydrocarbons (THCs) in ambient air of a
petrochemical complex in Iran and their urinary me-
tabolites in employees. Iranian Journal of Health and
Environment. 2017;10(1):103-14 (in Persian).

5. Adamson AW, Gast AP. Physical Chemistry of Sur-
faces. 6th ed. New York: John Wiley & Sons; 1997.
6. Tossavainen A. Styrene use and occupational expo-

sure in the plastics industry. Scandinavian Journal of

VY

o,.gl:.w‘ Mlslfs:é Gl i

il o 5 ZSM-5 Ll esle b o o8 ol U1 LG
ol s 2 Ol e Ul 5 e S s UV
S5 2 ZN0 e JBIS 55 (g 5lecnds 45 das o QLS anlllas
3L Ol 4 1y 0N Gl 1,8 ZSM-5 Ll esls
S 6 andllas L (Yo Ve JL) 0S5 Luidas o ol
L Gl oblS Ol tlille b 2 o JUIS g i Jlad
UV/ITIiO,-5 4,5 Y7 Ly & UV/TIO, slauyl b s
2DS.(YV) L5 8 5158 ws s 2V L i (granular AC
s UV/Zn0 « s UV/ZSM-5/Zn0 VL « 5o
U1 535 5o Wilae 5 Ll ol 3l S cle 4 Ll
YU gl 355 a3 0L 5 Ichiura (YA (YY) wsl
S Kiles 8 sl SB35 g 833k Ol 03
S Ol s dled o STL s a5 b gl O3l )
Aal gt 2 Sl 4 e o bIS 358 szl o JUIS g8

(Y4) 5

S Ao
Slesli ol aS S Ol o s ool laasl 4 a5 L

sl S5, ZSM-5 ) 55 i e g Zn0 il )3 5L

Work, Environment & Health. 1978;4:7-13.

7. Domefio C, Rodriguez-Lafuente An, Martos J, Bil-
bao R, Nerin C. VOC removal and deodorization of
effluent gases from an industrial plant by photo-ox-
idation, chemical oxidation, and ozonization. Envi-
ronmental Science & Technology. 2010;44(7):2585-
91.

8. Komarneni S, Esquivel S, Noh YD, Sitthisang S,
Tantirungrotechai J, Li H, et al. Novel synthesis of
nanophase anatase under conventional-and micro-
wave-hydrothermal conditions: DeNOx properties.
Ceramics International. 2014;40(1):2097-102.

9. Hoffmann MR, Martin ST, Choi W, Bahnemann
DW. Environmental applications of semiconductor
photocatalysis. Chemical Reviews. 1995;95(1):69-
96.

10. Baruah S, Dutta J. Hydrothermal growth of ZnO
nanostructures. Science and Technology of Ad-

%ﬁ yﬂy
1195 Glisls /pgs o lad /s oyes | f
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

OlyRe g 551 (259 Wime

vanced Materials. 2009;10(1):013001.

11. Ehrentraut D, Sato H, Kagamitani Y, Sato H, Yo-
shikawa A, Fukuda T. Solvothermal growth of ZnO.
Progress in crystal growth and characterization of
materials. 2006;52(4):280-335.

12. Lizama C, Freer J, Baeza J, Mansilla HD. Op-
timized photodegradation of Reactive Blue 19
on TiO2 and ZnO suspensions. Catalysis Today.
2002;76(2):235-46.

13. Baruah S, Dutta J. Nanotechnology applications
in pollution sensing and degradation in agricul-
ture: a review. Environmental Chemistry Letters.
2009;7(3):191-204.

14. Meléndrez M, Hanks K, Leonard-Deepak F, Solis-
Pomar F, Martinez-Guerra E, Pérez-Tijerina E, et
al. Growth of aligned ZnO nanorods on transparent
electrodes by hybrid methods. Journal of Materials
Science. 2012;47(4):2025-32.

15. Zhang Q, Dandeneau CS, Zhou X, Cao G. ZnO
Nanostructures for Dye-Sensitized Solar Cells. Ad-
vanced Materials. 2009;21(41):4087-108.

16. Shinagawa T, Watase S, Izaki M. Size-controllable
growth of vertical ZnO nanorod arrays by a Pd-cat-
alyzed chemical solution process. Crystal Growth &
Design. 2011;11(12):5533-39.

17. Zhang J, Wang S, Xu M, Wang Y, Zhu B, Zhang
S, et al. Hierarchically porous ZnO architectures for
gas sensor application. Crystal Growth and Design.
2009;9(8):3532-37.

18. Hong R, LiJ, Chen L, Liu D, Li H, Zheng Y, et al.
Synthesis, surface modification and photocatalytic
property of ZnO nanoparticles. Powder Technology.
2009;189(3):426-32.

19. Akin MB, Oner M. Photodegradation of methy-
lene blue with sphere-like ZnO particles prepared
via aqueous solution. Ceramics International.
2013;39(8):9759-62.

20. Kazemian H. Introduction to Zeolites, Misterious
Minerals. Tehran: Zali Press; 2006 (in Persian).

21. Groen JC, Bach T, Ziese U, Paulaime-van Donk
AM, de Jong KP, Moulijn JA, et al. Creation of hol-
low zeolite architectures by controlled desilication of
Al-zoned ZSM-5 crystals. Journal of the American
Chemical Society. 2005;127(31):10792-93.

22. Cao J-L, Shao G-S, Wang Y, Liu Y, Yuan Z-Y. CuO

: 1195 Gliunls /g o jlosds /@ 095
. Yl /pgs o )9

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VY

catalysts supported on attapulgite clay for low-tem-
perature CO oxidation. Catalysis Communications.
2008;9(15):2555-59.

23. Rangkooy H-A, Rezaee A, Khavanin A, Jafari AJ,
Khoopaie A-R. A Study on photocatalytic removal of
formaldehyde from air using ZnO nanoparticles im-
mobilized on bone char. Qom University of Medical
Sciences Journal. 2011;7(2):17-26 (in Persian).

24. Rezaee A, Rangkooy H, Khavanin A, Jafari AJ.
High photocatalytic decomposition of the air pollut-
ant formaldehyde using nano-ZnO on bone char. En-
vironmental Chemistry Letters. 2014;12(2):353-57.

25. Hasan A, Ali K, Mahnaz A, Saeced D. Removal
of styrene from air by natural and modified zeolite.
Health Scope. 2012;1(1):7-11.

26. Baltrenas P, Vajsis V. An Experimental Study of
Styrene Aerosol Adsorption. Chemical and Petro-
leum Engineering. 2005;41(3-4):149-52.

27. Lu 'Y, Wang D, Ma C, Yang H. The effect of ac-
tivated carbon adsorption on the photocatalytic re-
moval of formaldehyde. Building and Environment.
2010;45(3):615-21.

28. Ao C, Lee S. Combination effect of activated
carbon with TiO2 for the photodegradation of bi-
nary pollutants at typical indoor air level. Journal
of Photochemistry and Photobiology A: Chemistry.
2004;161(2):131-40.

29. Ichiura H, Kitaoka T, Tanaka H. Removal of in-
door pollutants under UV irradiation by a composite
TiO2—zeolite sheet prepared using a papermaking
technique. Chemosphere. 2003;50(1):79-83.


https://journals.tums.ac.ir/ijhe/article-1-5841-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

2

oblag,

v” ' "%

\'Z

N
o ot Emuiron™

wer
") wet! U/
K
“ gy \

&

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2017, Vol. 10, No. 2

&

HERLTHAND ENVIRONIHENT

Original Article

Evaluation of photocatalytic removal of styrene from air flow using ZnO

nanoparticles immobilized on ZSM-5 zeolite

H Irvani', H Shojaee-Farah Abady?, M Shahryari’, M Nakhaei Pour*
1- Department of Occupational Health Engineering, Faculty of Health, Shahid Beheshti University of Medical Sciences,

Tehran, Iran

2- Department of Occupational Health Engineering, Faculty of Health, Tarbiat Modares University, Tehran, Iran

3- Department of Occupational Health Engineering, Faculty of Health, Ahvaz Jundishapur University of Medical

Sciences, Ahvaz, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 18 April 2017
Revised: 11 July 2017
Accepted: 18 July 2017
Published: 20 September 2017

Key words: Photocatalyst,
ZSM-5 zeolite, Zinc oxide
nanoparticle, Styrene

*Corresponding Author:

nakhaei m@ajums.ac ir

Background and Objective: Styrene monomer is a volatile organic
compound that is used in the various industries. Due to the hazardous
effects of this chemical substance on the environment and humans, control
and elimination of this vapour is necessary. Therefore, the aim of this
study was to remove the styrene vapors from air flow using photocatalytic
activity of zinc oxide immobilized on ZSM-5 zeolite.

Materials and Methods: In this experimental study, the fabricated
catalysts were characterized using analysis of BET, X-ray diffraction
(XRD) and scanning electron microscopy (SEM). Dynamic Concentrator
System were used to generate styrene vapors at a certain concentration and
flow, and then removal efficiency of the styrene vapors was investigated
using UV/ZnO and UV/ZSM-5/ZnO0.

Results: The results of XRD analysis and SEM images showed that
produced zinc oxide had nano dimensions. In addition, these nanoparticles
was successfully stabilized on ZSM-5 zeolite. The results of the
photocatalytic removal showed that ZnO and ZSM-5/Zn0O catalysts at the
concentrations of 50 ppm eliminated the styrene vapor 14% and 37%,
respectively.

Conclusion: Findings of this study showed that stabilization of zinc
oxide nanoparticles on ZSM-5 zeolite had an ssynergistic effect on the
photocatalytic degradation of styrene. According to this finding, the use of
adsorption-photocatalyst hybrid systems can be an appropriate technique
to remove styrene vapors and other similar pollutants.
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