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ABSTRACT

Introduction: Ethylbenzene is a volatile organic compound used in many industries, including oil and gas,
oil colored and insecticides. Due to the toxic effects of this chemical substance, control and elimination
of this vapor is necessary. Photocatalytic degradation is a possible method to remove organic compounds
from air. This study was performed to determine the efficiency of photocatalytic removal of ethylbenzene
vapor using ZnO nanoparticles immobilized on modified natural zeolite.

Material and Methods: Natural zeolite was first modified with hydrochloric acid and then with diphenyl
dichlorosilane. Next, zinc oxide nanoparticles were stabilized on the zeolites. Dynamic air flow and
different concentrations of ethyl benzene (25, 50, 100 and 200 ppm) were produced and the removal
efficiency of ethylbenzene vapor was investigated using UV/MZe/ZnO. The temperature and relative
humidity were set at 25+2°c and 35%. The surface and volume of the pores of the bed were determined
by the BET method and surface structure was determined by Scanning Electron Microscope (SEM) and
X-Ray Diffraction (XRD).

Results: Evaluations for BET showed the specific surface areas decreased by increasing the amount of
ZnO. XRD analysis and SEM images showed that zeolite structure was stabled and nanoparticles was
successfully stabilized on Ze. The results showed that the highest removal efficiency (50.8%) by the
process of UV/MZe/ZnO at concentration 25 ppm.

Conclusion: The result of this study showed that the Ze/ZnO catalyst may be an applicable and hopeful
method to removal of ethylbenzene from air flow under UV irradiation
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1. INTRODUCTION

Air pollution induced by volatile organic
compounds (VOCs) hasrecently become the world’s
most important environmental concern due to the
rapid growth of industrialization and urbanization
[1]. Most of the VOCs are toxic, carcinogenic and
some of them have mutagenic or teratogenic effects.
Thus control of these compounds originated from
industrial processes has become increasingly crucial
as the emission standards are getting improved to
ensure high quality of air. Photocatalytic oxidation
process is an advanced oxidation technology that
is one of the most effective methods to remove
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organic contaminants in the gas and water phase.
This method has a great potential in environmental
remediation. In this process, a semiconductor
as ZnO was activated by UV radiation and was
used for removing organic pollutants which has
proved to have several advantages than classical
chemical oxidation. This study was performed to
determine the efficiency of photocatalytic removal
of ethylbenzene vapor using ZnO nanoparticles
immobilized on modified natural zeolite.

2. MATERIAL AND METHODS

In this study, natural zeolite of Semnan Garmsar
clinoptilolite with a size of 0.5-0 mm and the nano
sized ZnO with average sizes of 20-40 nm and
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Fig. 1. A simple diagram of a system designed for dynamic photocatalytic analysis experiments. 1) air pump, 2) split valve, 3) rotam-
eter, 4) container containing ethyl benzene, 5) mixing chamber, 6) electric fan, 7) measuring port, 8) photocatalytic reactor, 9) UVA
lamp, 10) substrate Photo catalyst, 11) Ethyl benzene concentration measuring device

Table 1. Surface area and total pore volume of prepared catalysts

Sample unit
Specific Surface Area (BET) m?/gr
Total pore volume cm?/gr
Average pore diameter °A

specific surface areas of 45 and 50 m?/g were used.
Wet Insemination Technique (WIT) was used in
order to prepare MZe catalysts with Wt% 12% of
nanoparticles. To prepare 15gr of Ze catalyst, first
1.2 gr ZnO nanoparticles was added to 50ml of
distilled water and then the suspension was stirred
for 15 minutes in a mixer. Then, it was placed under
ultrasonic bath until ZnO nanoparticles were
separated completely from each other and created a
uniform suspension with 50 KHz frequency for 30
minutes. Afterwards, 0.25 g of ZnO nanoparticles
were poured into 50 ml of distilled water and the
resulting suspension was stirred for 10 minutes
and then added to MZe after ultrasonic bathing.
Finally, it was thermally stabilized at 400 °C for 4
hours. The prepared catalysts were characterized by
XRD, FESEM and BET test. The X-ray diffraction
patterns (XRD) of catalysts were obtained by
X-PERT PRO MPD instrument. The crystalline
phases were identified for each catalyst. Wavelength
radiative was the 54.1 A of the device by generating
40 Kv, 40mA. The samples were scanned at 20, 1
and 80. The surface area, pore size and pore volume
of catalysts were measured by the Quantachrome
Chem BET Instrument. The experimental setup
for removal of ethylbenzene is shown in Fig. 1.
In this experiment, the generated ethylbenzene
concentrations, were 25 ppm, 50 ppm, 100 ppm
and 200 ppm. In the upper part of the reactor, 3
UVA lamps were installed at a distance of 2 cm from
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the surface of the catalyst bed with the maximum
output power and maximum wavelength of 365
nm. The radiation intensity was measured at 1.9
w/cm?* bed surface. Removal efficiency was also
calculated using the data of input concentrations
(Ci) and output concentrations (Co) of the reactor
according to the following equation:

R= (C-C,/C) *100

3. RESULTS AND DISCUSSION

Results of surface area and pore volume of the
catalysts are presented in Table 1. According to the
results of the BET test, the specific surface area has
decreased from 139.75 m*gr in MZe to 132/61
m?*/gr in MZe / ZnO. The results of photocatalytic
adsorption and removal efficiency of ethylbenzene
on MZe / ZnO at concentrations of 25, 50, 100, 200
ppm are shown in Fig. 2. When the UVA lamp is off,
the adsorption system is active so that ethylbenzene
is physically adsorbed on the MZe / ZnO surface
and removed from the air stream. The results of the
adsorption of different concentrations in Table 2
show that by increasing the concentration of inlet
ethyl benzene from 25 to 200 ppm, the adsorption
saturation time decreased from 275 to 130 min.
The adsorbent capacity is also increased. Similar
results reported in some studies. According to the
results, the adsorption process speed increased
with increasing ethyl benzene concentration.
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Fig 2. Diagram of the effect of different concentrations on the adsorption efficiency and photocatalytic removal of ethyl benzene input

Table 2. Results of vapor adsorption of ethyl benzene vapor by stabilized zinc nanoparticles photocatalyst based on modified zeolite

" . , . . Absorbent

Flow Initial concentration Time of steam appearance Saturation time .

absorbent L . X capacity

lit/min ppm Ethyl benzene (min) (min)

mg/g
MZe/Zno 0.25 25 25 146 275 0.977
MZe/Zno 0.25 50 25 103 210 1.465
MZe/Zno 0.25 100 25 67 160 1.975
MZe/Zno 0.25 200 25 43 130 2.605

Because the presence of a large number of adsorbed
molecules increases the possibility of their transfer
and contact with the adsorption surface. For this
reason, by increasing the concentration of ethyl
benzene at a constant flow rate, natural zeolite has
reached the breaking point sooner. This finding is
similar to another studies.

4. CONCLUSIONS

The photacatalytic degradation of
ethylbenzene occurred in gas phase by using
both ZnO catalyst coated on zeolite. In general,
styrene removal efficiency of AC-TiO, catalyst
was higher than AC-ZnO catalyst. The best
ethylbenzene removal efficiency of MZe-ZnO

Journal of Health and Safety at Work 2021; 11(4): 661-673

catalyst was found in concentration of 50 ppm and
flow rate of 0.5 I/min. The ethylbenzene removal
efficiency decreased with the increase of the
gas flow rate and concentration. Based on these
functions, MZe-ZnO catalyst exhibited a good
photocatalytic performance in the decomposition
of ethylbenzene in the gas phase under UV
irradiation. The result of this study showed that
the Ze/ZnO catalyst may be an applicable and
hopeful method to removal of ethylbenzene from
air flow under UV irradiation

5. ACKNOWLEDGMENT

The study was founded by Ahvaz Jundishapur
University of Medical Sciences (ETRC-9709).

663



https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

GV_44) Oladw 1Kee oliuns) /1€ syladis /1) sla )5 oyl § Cabvlsgy aslibing

S (595 w1 O 13990 31 03l L 152 (2 31 {349 ol (G B 50 Do
o TH! (Srub Cud g ) (95 5 O

BT B 50V gd o3y (B pud Gawge g [ (55T (s

Ol cleal Gleal jelis sais Sig pele oRiils ¢ Jaze Cns ) Sl )sbd Dliiss }51.0‘
Olpl Glsal Glsal jels o Sip pele olKasls wilagy 0aSiails IS el § (51 48, Cllagy cwdige 05,5 "

VEe ) F i imds g DUl o g b

oxs =

Sl s a5 b 0,8 o )18 eoliil 0550 ol (55l y0 a5 Cel 1,8 JTOLLS 5 5l (S5 o5 Sl idodie
B 328 B g 5| STl 5 B (gl g 31 (S sy 50 55 41 (6900 O B> S 5l (o
ST 3510 3 00lial U Ty 2 31 iy il 515525 e IS s 300 e 1) )
28,5 850 00l ol (ael Cudsl) (65 2 0ad S (5,

o 3 2ol (Mg IS 63 8 63 b G 9 Sy S sl ags i ol gy 1 (g
B ¥O dilizee gla cdale b oz Jol e aisd Gl s (69, sk e gdli by, L Zn0 ol 3L
3 il e (61555 i SIS g g Secalins s SAALE s 5] o0lial Y+ +ppm g ) + -
(MZe: Modified Zeolite) oo #Mol rods Codgdy (59, 1 odd ConilS (59, dunST 1,350 5 oolazwl b
Colis ol o YO Lawgin ool Cugb ) 9 YOEY °C sgu> 0 Guiod plodil lae (glos 030 5 pcss
(FESEM) o5, (539 58Ul g8y S Lamgi (xban Jlizlos 9 BET (b9 4y S8lio ox> g 039 rlans
0,8 yesd (XRD) (S5l axisl 3l o

Wl 2 59y dST Cane Bl 528 g 00l Dol ol g8 (i 059 b Crline (625 ol s sl By
5> 3 0 Cansts s 03 gelans Cmluno 3 LBl o MED) YYYFY 5 VYAV MNNOVVE o 5 4 Sl
203 5 el Cge Contl 5 (oo Sl (63 Sl ks XRD 5T FESEM gl s (oo talS
adgl cdale Ik aS ols (LS UV (206 5 s ms 2 59, 9emeST 9 Con B 928 s ols plis ) s
Ak oo YO ppm cdile 0 Bd> 205k (VL gl o0 RS 4205 LI o U5

9, Wlg3 g0 00 Mol (gxlo gl (59, 2 ZN0 )3 U s Ol (Lt aslllan () gl 16 S A
AL UV anil o lga 5l o3 ol o B e caslin

ol PMol il ey o o 5 ST e i Il 328 i 2SS DS =
bdehaghi@gmail. com :a5\e Jghums 00 g Sy xSl oy

Koo ols) /1€ a)ladds /1) o (5 (iag) § Cablagy aslibod G4\


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

35| 313030 ) aslaiwl b lga LY I O J3) TIWG503S B

W 55 sloarST g bogilow Jol 420 5 @,
WO,8n0, ZrO, ZnO TiO, CdS asl.
o iy wseme &5 Z0S 5 ALO, Fe O, .CeO, .
ples a5 S50 5000 s ZnO TIO, wloS 5
Sl 5 wigh S5 295 4 b STy cnl lps
@ 5 2l wile g g g sk o olse 4 8 I
Zn0 wly S 550 wigdae o 52,5 s
Coons b ZNO Jy w0 (Yev))TIO, ales
ol @l clie (50l S iy 0 THO, 51 S
ol 5l Sl Sladllas 51 oo guls asb S 3
55 2 THO, & cos (550 2,5 Z00 o5 ol
Bd> (09 Sy900 @ axg b )l (Sl 28
5 Olrl )0 Cdg) pelie @l g 9o by 5l LS 5
G o], duglio Gan b pols gaios oo gl 3
b ooad ol (ormb cdgss 5l oslisal b o3 5!
Sl Jole plgie @y (g9, wST D)3 g6 ilgy
il oo S 2L p o S8l adgl cdale 56

Mooey =

e ;3 &5 03 (225 g9 5l yol adllas
28,5 plwl hd b ale e T alRale]

b g el cale )
S e V10 plo b Gliews Jlaw I Sl pildS
L TZe)cdgs; ol 5 J3 285 1,8 eolinul 550
4 o Sl sl Lasgs Ze (gl aigad oDy IS
Ze 3l 5,5 V0 ,loke aS O jgo (pl 4230l ol o,
Moo ¥ Sy 5ol gol> pio 400 4) Cad oy
Seb 4 Heme fus 59y Selw) Do 4 g osly Jla
CoSe o o S y0 ol esls J1LE VL °C les o
RPM (55, 1) ol (599 s 5 0015 1,38 (cublito
Sl Cael G CldS 3l w005 o e Voo
03,5 Glo syaily o Sl alsy 4 1, ,iy S5
Ol 5l 9 8 slaie O b lal 1) Cd gy diged nn
25 Jsle PH a5 (s> B ool gty 5 s ylaie O

4 Zeolite

990

doddo =
Iy i (VOO JT wlus s
Gl mlie 5l as 005 (o ol 1) oy Sg 000
Sogll opdle S 5 onl Ll Wi oo deliaie
et OMSie obml cel S5 lame
& ol oo )1 I bS5 aber ) () ig e
slio ;o 008 oolawl JJo a4 a5 dged o)Ll 30
Sy sgtlond 5 (oondg iy mlio dlex I Gilize
o ks 5l e YU 0T b agzlss Jlezs
2 86 Gl & olyte b3 Jl b ag2lse Sl
e ¢ (505 e 9 S35 10 (sraS e
2 Oizmes (M3ges o)lal Cungy Supod g (oudS
ol oo Sl Ll oy uil] g0ty aass b
s @l ol yB Y o550 (5 I TAARC)
Obl sl Wl (o0 03le (nl &5 pogie (pl @0
S oleSy 3 sl Jlo o (Nl sbnl Glb e
R (asoe Cony s OMChe (5 oo 5l (S 4,12
glo ae Sy o8 g, Gal 51 O)Zwl ond
Sz Sl JmS sle g 5l eslanal 4 psle )
0990 yimai 43 LTl 5l iy VOC i | als
Gl L Ba> sl a5 pamye slo by, 5l (el
sy 4 Ol e Cenl oads solital 13 S oluS s
(DS Ol M) il g (V) (elans i
Ol alae 5l aS 0,8 0 )lil 08 g (Solols 6w
oy slad a5k 5 Vb (65, Brae 4 (lgts b g,
(AOPS)“a.'JA?)..;’;.H? Y YORIKVIVAJ RRVE -0 3,5 oLl
390 J sla oan¥T i sl 3, 51 (Ko olgie @
oSt 5 Qi 6,5 )L &dly o .0V )l az g
Oley 2 D30 & (5 (g0 T0aSy [T 0 alanly (538
SlaST 6,556 Llly 5 il ode el
oolitwl Jlw oLz I ean¥T Bi> (ol g3l
Joboe ol ool cdgsy o L3> Lo o 5,5
@ eizmen 9wl (o0 Vb oolall 398 pdx Cools L
Pl «anedllS L oa¥l uled Sowe ioli8l Ldo
o3BT (1 F)ams o el 1) el g3

1Ko lims) /1€ a)ladds /1) o (5 iag) g Cublagy aslibnd


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

a9 OlS o3l (e ol s O3l 5 Sl
S9SN GsSms Soe sl ookl b Y game (53505950
LYo--FESEM hitachisu " o JouS ooy,
A el KV saas ol 5Lds

oz adlae pl 0 iCawadbE 0 Sloe LY
Sl 4 (oo alaize | Bl o o homin
0,199 Lpuiz (V) ool yia cSle Ve g Y10
sgr o0 suiligy segeiwall igh L SalS 5 ais |
2 e 9 Yl o lse (63959 s Slalllas b Bllas
8 gl oo s o (25,5 (6995 (2 9 Ol
&S sy Slw 0,0 MZe/ZnO /b ca Bl 0
Ceomd )0 (i o - o 0olsl8 yin 935,
zhw 5V cm alols ;0 UVA CaY ¥ 81, SBgs
Jsb 251> 5 (29,5 19 (nrtien b Bl s
rhw jo ol Gal a4 oald ceal gl YEO zae
Hagner-EC1-)as 5,5 o5lasl VA w/em? s
(\ sy (UVA

ol yo 5 B 40 cwiu¥T gilw cdake  F
Sl Lz Seelus gile clle g I aslllas
s oz G b s oolit] ndUlS 528 B3
L ids s Y0 cul oo b ey oy augs
b bl den ol LY g akaaza o)l 30 !
YO Cusb, 5 (o), Xcile ax,0 YORY) 5Ll glos o
5 2,8 ags i ojse cdale lanl ol sl ws o
Oy ioe Syge a4 3 S Sl <l Ol e
St 23z Glie Ghovis jelaie a4 lal s 5 951,
¥ (Ghgels Sl o )95S1) (29 g (09,9 il
T 9 8399 Ok Jol cdile oS Glej s CS
Sewd 5l 1y 093 Sd LS Sl 090 piew g o ol
gy b Y alolddl (apw, glasl alads 4y s)sls
R D (g s (Sl 28 B> I
paiaane <518 oBws 5l eolaiwl b oy sl clale
coan p odSSl SleS el Phocheck Tiger
plsl "(PID) g, (g sl 8o] wlol » mg/g

10 Field Emmission Scanning Electron Microscope
11 Photoionization Detector

Koo ols) /1€ a)ladds /1) o (5 (iag) § Cablagy aslibod

ohBas g (56355) (laiams

sl ;o gl gy celoYF G 4 CHZe)e s
HZe (ol pgo al> 0 40 .(VV)ak s0ls ,13°CY -0
63 Jed 60 5 el g b ool Jlil el G
Lglsee ols 18 51 s o 00438 HZE 4 Dy IS
Sy (Giar see s oSN Lailph cou alol>
Y Soe 4 °CV o0 sles cov F(MZe)osss o
sl anl 5l Lals ZnO . A i el
S oo Be e 100 5 atd 59 a5 (gelonnS]
) gy a0 o Shaie O 50 (65, 2l
Sds gy 3,5 Lol Jgloo 4 PH=Y o) G
Sid celo Y Soe 10 °CAL sloo o g atets S,
I MZe 9, » ZnO ol,3 b conss slp 0ok
YO Slode o oolau! Y(WIT)ogb o mdls o,
Ao O 2 (Lo 0 5,0 ZnO &3 56 5l e 8
03 o2 Jol> ygmilwgu 4280 Vo Do 4 g A
MZe gl tll plam p3 (28,5 )8 51 oy 5 00
Celof Gae 4 2CF- v gloo jo Colys o o Lol
IRV JESIE
Oeetd Sl il g8 LS 329 (e Y
5 Cedblgd gpsk Al ol (b 5 LS
XRD®) oS0l axsl (ol 5l o) y0 a5s 0929 Lauseis
XPERT PRO MPD oXiws I eslaxul L
Jsb .as plxl (company PANalytical B.V. )
YO=F-A- asly o MZe 405 a5 ail o F-mA
olBiws 5l oolainl b ohyg prlas cobucs (s 0l (S]
Quantachrome Chem BET (model iQ-MP/
&b sl BET? 36, L a5 XR, made in Austria)
o ools 5 JUT 3l 55 Cdsly/ G o 3g 5l (605 05l
S5 S eSS gz oad ol O3l 5 liee el g

—ode gy g ol el L3l (g9, p Dl 5 Y

5 Zeolite-HCL

6 Modified Zeolite

7 Wet Inoculation method
8 X-Ray Diffraction

9 Brunauer-Emmett-Teller

999


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

w3351 Ol)3930 §) astaiwl G oo H0Ys ) O3 Ja3) IB(538 Bda

= I

L

< (e ] ]]

ol BT Lelig (Vs s (V o o () Seallyd i) 2 (aeUS 328 43285 Slitlojl (gl 00 (b i 31 (sl o0lis (glas ) S
S 035l o505 (1) cnJblS 525 2() + UVA caa¥ (4 cameB1S7555 55T, (A s 5 035l 5 ypnV o oS 201 035 (o] alaona(d o0y sl

Ok el cdild

u.-uJL.lS}.B PRI C)Lo' gy wadess a8l > 9 ).Ias g Gla"“ Cobas ) Joox>

\YY/#N YYa/Yo Y\YAIYEA
AT AYd AT
I4AVA] FEITY FelEY Y

5 JoS Sl o Gl XRD s,

Lol oo oolizwl ZNO o oyl sgxg ausis
oo ooly s ¥ UKo j0 Ze 4 by e XRD (o5
olis Ze aiges XRD 5651 51 Jol> ledlbl .l
0dlgils 3l vgzge ol 18 a5 el Cosdly () oaims
39 (o0 odolin &5 jolailen .l o CodguendS
saras lis 4 o,ls dgmg (gouxie sla Sy Ze o
XRD (g5l sl Tzgai¥am 5 5 leS slo Jlws S
VS 0 YO=A-¥° &, .0 MZe/ZnO « by e
ol &l pss 23S1, XRD 6631 el ooy yLis
S8 ,L L yaizen g oo plosl SlMol L1y Ze aiges
o oaline a5 jshailen .ol sols yLas ZnO &l,3456
MZe wig0i j0 L& 10 9390 doxin sl Sy 040
ﬁTwycleJomﬁmlon»Lf&;
MZe/ZnO L .by).c XRD69§J| L o o.)yze

YO=TFITO5 YO=YFIF oogamms jo aasnin slo Sy

12 Quartz
13 Heulandite

99V

NOVYS  mYgr  (BET)sjg cbaw culume

NATARE cm’/gr A8l JS' e
OYIVY-f °A A8l yhad (pSileo

V5 ases SPSS I3 oy 5l oolit b alols mlts .o
20,5 5G]

b azsl =
s MZe sla,tsle BET g, 5l oolaxwl U
gl Y Jgar e s sluls MZe/ZnO
g dlis Jlad anloe (gl (395 @89 9 i 5l b,
20,5 soliiwl MZe/ZnO g MZe o35 zlaws
BET 5051 5 ol casss mls Gllae
o MZe s \YYOM?/Gr 5l o4y (haw colu
el @il iels MZe/ZnO s \YY/£\m?/gr
gRals olyd 5had (51 Sle 5 8l JS o 50 (eire
Oy a8l als cpl 5l el ol sy Si>
Ly MZe zhw iby Jdo a4 a5 o5 blal
5 Bomsie F 005 Sgee 5 ZNO SIS L
> Sl s GO dineldS rizren d 59,500
il azdly als dblis e aSils

Koo lus) /1€ a)laids /11 slo )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

IhEes g (56355) (laiama

Clinoplilolite +
Quartz A
Heulandite @
ZnQ *

Intensity(a.u.)

WD: 4.7% mm
x  DetinBeamSE  100nm
m Bate{midy): 122118

SEM HV: 15.0 KV | MIRA3 TESCAN]

SEM MAG: 150kx D 2
Wiew fleld: 1.8 ym _ Daty 3 RMRC

MZe/ZnO (z MZe (o ZnO (| FESEM ,;5las .Y S

bl 58 S 5 > )0 (9355 (50 T Bl T

Sedlllgd Bd> 5 Qa2 (s @l

Y oS Sloj 99 o oanline ¥ IS5 0 Y- - ppm
5 o i lyn ol 3l ol o

Koo ols) /1€ a)ladds /1) o (5 (iag) § Cablagy aslibod

$9y 5 N0 o5 g sl coidse )50 Sl
n0.36-1451) o Jaibewl &5 b Glas « MZe i
25k o JCPDS
MZeZnO &,8 ¢b 5l Jeol> FESEM ;s glas
el o0ls Llis Y USs o MZe/ZnO cwdbls g6 4
oS ol ools a5 ZNO gl 5l oad angs sl
039 3L wlidie ;o MY+ 5l S Zn0O &l)d L
= Zn0O &3 gk @ bgsye 7 SIS0 50 5, Sly3 .l
osds sty MZe mlaws 5 CblgiSy o 4 a5 il
MZe/ condilS g5 o9 lislo il slas gabo il

99 A


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

w3351 Ol)3930 §) astaiwl G oo H0Ys ) O3 Ja3) IB(538 Bda

(c/co)*100

—&— CO= 25ppm
—&— C0=50ppm
#— C0= 100ppm

—— C0= 200ppm

Time (min)

o 30 60 90 120 150 180 210 240 270 300 330 360 390 420

69939 O Sl S35 Bl 9 Qi QLI il sl clle 5L loges .Y S

odd ol Cudgiy aly ol Conld (55, D)3eil cun Bl g alwgy 30 S| )b Ol)e @i e mls Y Jsas

Yo \Aitd YVo

MZe/Zno A YO+Y ANGY
MZe/Zno <IYO o Yoy Ve Y\ \/££0
MZe/Zno IO Voo Yoty £Y \£e ANZ
MZe/Zno A Y- Yoty \as \Y. Y50
120 —&— =25 ppm
100 —&— =50 ppm
4— ¢=100 ppm
8 80
5 % €=200 ppm
o 60 -
)
o
~ a0
20
[N

Time (min)

B el —oed T
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

YO 0 Ve oVee ppm clalé o> o Cdo liee gy 0SS

ol gl 05d (oo T (nJilS 928 an)d 5 5,
Ll (s adgl il il33 L aS ol ool s loges
adl jmals UV/IMZe/ZnO o a5 S o5
YO glo clile 1o 8 S fogai sab 4S5 ek 4 e
BN as i Gledsly s 5o ppmM Yoo b
mizeed ool aidly il asys Yo/d o ¥A/O Y
S ol Gl Jols mli egas 5o bl Slallas
UV/ ool b o Jl appzs @5 5eSile
&yloline Sglss calisee sl clale o MZe/ZnO
Gial381 L a8 Canline )l 0l 5 ol il (D< -]+ 0)

999

Jol cdale mldl boas cawl ools olid Y Jguz o
Sledle glesl loy (Ve - PPML 4 YO 5l 63559 (55
Cud b iman ol alily alS VY min 4 YV
el il il 3l

Mz 1y @3 e gledl 4wy, & IS o
aS aes e glid ppm VeelVeo B (YO chale
Voo PP 4 YO 5l s09)5 o3 Sl cbale (I3l L
i g 00ipS LS a5 oalds 50D loged cud
ool Gl gl s 3l

UV Y aaljo glsl clls a4y Gl aSST 51

Koo lus) /1€ a)laids /11 slo )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

ohBas g (56355) (laiams

60
=25
50 ._"‘OMH o7 ppm
e —#— c=50 ppm
40 ./’ panenas ssa
& = ¢=100 ppm
I's -
30 / - % c=200 ppm
= r
™)
e 20 4 B e ATaTalalazaTararorazazal
"/ .)" ¥
- /r"rl X
£ S
{/fi Y
0 soo o B AT -
0 20 40 60 80 100 120 140 160 180 200 220
Time(min)

UV/MZe/ZNO jl oolicmal L o5 il 5 B ool 8 S5

Codgiy A8l ol sgauns Jdo @ Wilgy e aS ol
gl e cdngy el (Jg il olyd gl lawgs
o andlas cpl o el oad Ll el g8 oy 5o
S )86l cwnds 5l s o d8le ol Sgduns
oaals ool las cem BET eyl Jy ol ous
s (TP)cwl suis oslul ofy (v colus
as ol lads e gl cdale o Bis @ bgye
et cdale oldl b cndUlS s o0 Bd> 1)
Onbl Bl o ol en g Jlgplal (o0 SRl 50
-0 cdgy Gy, pooad conis ZNO Gl gl lawgs
X0y 5090 5 b &S Al a4z (ol 4 ZSM
Ol uals (6 oaims flis YL clale o Bi>
ol YU lo chale o o JblSgid o 50 STy
ez o2 (Vo ks Jlgen ol asllas gl b oS
YV Jlo o ol Ken g (08 joun a5 (gl asllao o
ooy 5l aiols ploul Tgasl oy sl Bds> 550 0
Al eolatwl Gl lgie 4y Ol s o jade b ool #MLa
G395 e Gl L as wl (asiie adlllae cul o
JARIEVIVY S R C g R O A R IS CORg el
Ohen 5 SLLLS asdllas jo (TV)cwl aidl, als
S b s Sl b py)S Bis e
adlas pl mls b aS conl aidl, ialS g0g,5 clale
Slie sl e @l Gk (Ts)ls Jykes
Sozy 07 8k Rl e Jol cdale mlB L
oobed g Jl o8l snigds 0> JeSsge oL olass
L Jeds a4 amase Gl 1, e s L ]

Koo ols) /1€ a)ladds /1) o (5 (iag) § Cablagy aslibod

b oo mlS 4y SIS s ol adel clale
o =

Sb sleonlp des 5l ceadblS g slo ol s
(Y\N)wl :La.my JL‘> L o)'jj.a‘ [ L)T .>).3)l5 S Alwd
pll Coddge b 55T, 5o 50 ST (GBI 528 4y 525
o9 C‘I""" Co e 0l ral:u‘ BET ¢ d,anA W)
Olyd gl s g il il Aol 5l gl
o5y daw ol LzalS el MZe 59, ZnO
Slonl ¢ adllhas slo 4Bl L gl ol .ol ool
callhe Swaminathan 4 Sobana 4 ) Sea o
b Colus ol Sldlae ol (0 (VO TF)sls
e ian 5 918 55 1y S5 Lol 5| o o525
S 89, Zn0 &1y3 6k sl e oliime gl
5 (Tl aidl, ol oy odaw coluw (Jlad
Zn0- cojealSeilb coss L o) Koo g L andlas
3T ‘5'&‘4“; Coluo (AC) JL:B U")S B Sn02
3o Slstren aslllas ol gl b a5 canl a8l alS
mz/ ).glj.g AC 3o °3'.’.9 LS”da"“ ool :\S.»)j.lo LY
L u.!)s...nlSyla Sl )l o 9 O.La] Cowdo 70 gI'
aS ol addllae o (VV)cwl asl, ialS 0+ m?/gr
Bl gz 85 Oygo LWl 5 e, lawgs
oads Mol cdgingidS edgsy o8 BTX wls s
o J........Sl u‘)byl.v 65L> R C)Lo‘ u».‘j.o.u}u.ls 9
Q u‘)o 94[.‘ UM asls| cul.u ‘_9,..‘4 el 00 o

o (Belgi g i i Glealy elS caw g

9Vo


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

35| 313030 ) aslaiwl b lga LY I O J3) TIWG503S B

()l il igl33 78F

Oy oo addllas ol 5l edel cavdy @l ulul p
ot o lS (55 e sty Pl o 5
Sdgiy oy gl Colas g R Ole Sl
o Silg o Praw Q> oole ol Az 0 g 0l
ooty ¥T Bl 423 G 1S ol ) (gl somolio
Jos 9 Vb (So b Cueglie Jdo @ all o3 5]
JW S Gaer ple D3 4 S i o)l >
Sl Sy g e ol @l Sl rizen
9y » S ol iy wll lea glo sonYl BBd> o
S clin (B9 Wl (g0 00 Dol (b Ed o5
anl oS g5k a il I 5l e ST e i
Ll Gio s 1, it oS UV/MZe/ZnO
UV/IMZe/ anl ) eolawl cplplo ols olis o5
S ol 5 Gds o b (5,58 Wlg o ZNO

il lga by 5l 18

‘f"é)ﬁ 9 s S e E
i) li)lS Al ol B 5o ol aags,
ETRC- ;b o)led b (5)a03 smge o oil>
pole oRadls gl Ciglae oje> (sow 5l V4R
oy el o0 o coles Sleal jouls cais Koy
23,5 (o0 (19588 5 ;ST p e Ciglas ol Sl Al

REFERENCES
1. Rashnuodi P, Dehaghi BE, Rangkooy HA, Amiri A, Mohi
Poor S. Evaluation of airborne exposure to volatile
organic compounds of benzene, toluene, xylene, and
ethylbenzene and its relationship to biological contact
index in the workers of a petrochemical plant in the west

of Iran. Environmental Monitoring and Assessment.

¢V

ek Sy ol (0 Sy o o5 Sl edale ol
655, addllae (o .Cwl ooy Sl aladi 4 509
b gy v G plnd Qi &S s
s Bd g 50 (VN V) eg LilL (prizeon
@ yed9,See CujeaelS 9 JU ()5 3l 5l eslinul L
Obej (82959 (Fely ke (3145 waw) as
ol adllas (7 )aode uals | i Sl alads
Ll 00 plosl YEYD °C slos 5 0uo 0 YO Cugh, 4o
cloo jo codled bl e i Lo 51 (SO
Gl LhKes 5 585 K (g adllae las .ol I
RWP L JU N E IR VRN A IV S-S | 1 LS R €
Sasalle,d s JblSgd Bis> gl jo5 0w adllas o
69y ST SB35 (gl LS s 5l 19a
sl ,sie 51 (S g 00,8 solanw UV aasl 2l b
Bl D o Cusb)y U (o) asllas
9 O« X0 X YO 6L€b ws.‘a) PG| 009 Juj».\JLcJB
oaly i bl cwol 28,5 1,8 asllas 0,90 Q0,0 V-
o3l plewsly ol s Cugb, iulidl b oass el
ol as Jds cpl 4y canlools Ll Bd> SIS
oy wsille sldgSge b o wush; a5l i
sty 05008 Jedo 325 (e Zusb 9o 5l e
&l adllas o (YY)l adl als anSs 0 sla
oy e Cusb, 86 o Kes 5 Vincent Ko
alodew; 4 (pl 4y Joilbig pm) (U938 4y 5
@ V¥ laed Gl 7Y a e jlcush, GallL oS

2021;193(2):94.

2. Mohammad Javad G, Hossein K, Seyed Jamaleddin S,
Mansour R-A, Kamal A. Evaluation of Volatile Organic
Compounds Levels inside Taxis Passing through Main
Streets of Tehran. International Journal of Occupational
Hygiene. 2015;5(4).

3. Cheng Z, Sun P, Lu L, Chen J, Jiang L, Yu J. The

Koo lus) /1€ a)laids /11 slo )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

interaction mechanism and characteristic evaluation of
ethylbenzene/chlorobenzene binary mixtures treated by
ozone-assisted UV254nm photo degradation. Separation
and Purification Technology. 2014;132:62-9.

o~

. Program NT. NTP Toxicology and Carcinogenesis Studies
of Ethylbenzene (CAS No. 100-41-4) in F344/N Rats and
B6C3F1 Mice (Inhalation Studies). National Toxicology
Program technical report series. 1999;466:1.

5. Benoit-Marquié E, Wilkenhoner U, Simon V, Braun AM,
Oliveros E, Maurette M-T. VOC photodegradation at
the gas—solid interface of a TiO2 photocatalyst: Part I:
1-butanol and 1-butylamine. Journal of Photochemistry
and Photobiology A: Chemistry. 2000;132(3):225-32.

6. Domeno C, Rodriguez-Lafuente An, Martos ], Bilbao R,
Nerin C. VOC removal and deodorization of effluent
gases from an industrial plant by photo-oxidation,
chemical oxidation, and ozonization. Environmental
science & technology. 2010;44(7):2585-91.

7. Hamid S, Mahmood O, Orkideh Q-D. Nobel Method
for Toluene Removal from Air Based on Ionic Liquid
Modified Nano-Graphen. International Journal of
Occupational Hygiene. 2015;6(1).

8. Hazrati S, Rostami R, Farjaminezhad M, Fazlzadeh M.
Preliminary assessment of BTEX concentrations in
indoor air of residential buildings and atmospheric
ambient air in Ardabil, Iran. Atmospheric Environment.
2016;132:91-7.

9. Fan X, Zhu T, Wan Y, Yan X. Effects of humidity on the
plasma-catalytic removal of low-concentration BTX in
air. Journal of hazardous materials. 2010;180(1):616-21.

10. Lim M, Zhou Y, Wood B, Guo Y, Wang L, Rudolph V, et
al. Fluorine and carbon codoped macroporous titania
microspheres: highly effective photocatalyst for the
destruction of airborne styrene under visible light. The
Journal of Physical Chemistry C. 2008;112(49):19655-61.

11. De Lasa HI, Serrano B, Salaices M. Photocatalytic reaction
engineering: Springer; 2005.

12. Iravani H, Jafari MJ, Zendehdel R, Khodakarim S,
Rafieepour A. Removing H2S gas from the air stream
using zeolite ZSM-5 substrate impregnated with
magnetite and ferric nanoparticles. Journal of Health and
Safety at Work. 2020;10(1):24-36.

13. Kazemian H. Introduction to Zeolites, Misterious
Minerals. Tehran: Zali Press; 2006.

14. Najarian F, Golbabaei F, Ghahri A, Azam K. Comparative

Koo ols) /1€ a)ladds /1) o (5 (iag) § Cablagy aslibod

ohBas g (56355) (laiams

study of the Sevoflurane Asorption Capacity on Carbon
Media Impregnated with Titanium Oxide Nanoparticles.
Journal of Health and Safety at Work. 2019;9(4):283-97.

16. Lin H-E Liao S-C, Hung S-W. The dc thermal
plasma synthesis of ZnO nanoparticles for visible-
light photocatalyst. Journal of photochemistry and
photobiology A: Chemistry. 2005;174(1):82-7.

17.Kwon YT, Song KY, Lee W1, Choi GJ, Do YR. Photocatalytic
behavior of WO3-loaded TiO2 in an oxidation reaction.
Journal of Catalysis. 2000;191(1):192-9.

18.LiuB-J, Torimoto T, Yoneyama H. Photocatalytic reduction
of CO2 using surface-modified CdS photocatalysts
in organic solvents. Journal of Photochemistry and
Photobiology A: Chemistry. 1998;113(1):93-7.

19. Asilian H, Khavanin A, Afzali M, Dehestani S,
Soleimanion A. Removal of styrene from air by natural
and modified zeolite. 2012.

20. Huttenloch P, Roehl KE, Czurda K. Sorption of nonpolar
aromatic contaminants by chlorosilane surface modified
natural minerals. Environmental science & technology.
2001;35(21):4260-4.

21. Mardani Kiasari HR, Forouzani M, Ziari M, Malekzadeh
A, Biparva P. A comparative study of catalytic properties
of ZnO and FeZnO nanoparticles on Oxidation of
Benzylic alcohols: Influence of doped metal. Quarterly
Iranian Chemical Communication. 2015;3:199-207.

22. Tanha E, Rangkooy H, Jaafarzadeh N, Valipour F, Arefian
I. A study on photocatalytic removal of Toluene from
air using ZnO-SnO2 coupled oxide immobilized
on Activated Carbon. Iran Occupational Health.
2017;13(6):1-9.

23. Rangkoy, H., Nakhaei, M., Jahani, F, Salari, S., Nematpour,
L, Fouladi, B. Effect of Nano-TiO2 Immobilized
on Activated Carbon, Zeolite Y and ZSM-5 on the
Removal of Styrene Vapors from Polluted Air. Journal of
Nanostructures, 2018; 8(3): 307-315.

24. 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.

25. Sobana N, Swaminathan M. Combination effect of ZnO
and activated carbon for solar assisted photocatalytic
degradation of Direct Blue 53. Solar Energy Materials
and Solar Cells. 2007;91(8):727-34.

GVvp


https://jhsw.tums.ac.ir/article-1-6580-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

35| 313030 ) aslaiwl b lga LY I O J3) TIWG503S B

26

27.

28.

29

. Rostami R, Jonidi Jafari A, Rezaee Kalantari R, Gholami
M. Survey of Modified Clinoptilolite Zeolite and Cooper
Oxide Nanoparticles-Containing Modified Clinoptilolite
Efficiency for Polluted Air BTX Removal. Iranian Journal
of Health and Environment. 2012;5(1):1-8.
Samarghandi MR, Daraee Z, Shekher Giri B, Asgari
G, Reza Rahmani A, Poormohammadi A. Catalytic
ozonation of ethyl benzene using modified pumice
with magnesium nitrate from polluted air. International
Journal of Environmental Studies. 2017:1-14.
Golbabaei F, Rahmanzadeh E, Moussavi G, Baneshi M.
Fixed bed adsorption of hexavalent chromium onto
natural zeolite from air stream. Health and Safety at
Work. 2014;4(2):1-14.
. Rangkoy HA, Nakhaei M, Jahani F, Salari S, Nematpour L,
Fouladi B. Effect of Nano-TiO2 Immobilized on Activated
Carbon, Zeolite Y and ZSM-5 on the Removal of Styrene

Vapors from Polluted Air. Journal of Nanostructures.

VYW

30.

31

2018;8(3):307-15.

Liu ], Yan Y, Zhang H. Adsorption dynamics of toluene
in composite bed with microfibrous entrapped activated
carbon. Chemical engineering journal. 2011;173(2):456-
62.

Mo ], Zhang Y, Xu Q, Lamson JJ, Zhao R. Photocatalytic
purification of volatile organic compounds in indoor
air: a literature review. Atmospheric environment.

2009;43(14):2229-46.

32. Rangkooy H-A RA, Khavanin A, Jafari AJ, Khoopaie A-R.

33.

A Study on Photocatalytic Removal of Formaldehyde
from Air Using ZnO Nanoparticles Immobilized on
Bone Char. . Qom University of Medical Sciences
Journal. 2011.

Vincent G, Marquaire P-M, Zahraa O. Photocatalytic
degradation of gaseous 1-propanol using an annular
reactor: kinetic modelling and pathways. Journal of

Hazardous Materials. 2009;161(2-3):1173-81.

Koo lus) /1€ a)laids /11 slo )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6580-en.html
http://www.tcpdf.org

