R (S5 ple olStils dlore
TY-YA doxin AP (liuno) ) ol 03y ewnd,les 090

09987 (s1gd (b s> 31 (Benzene Toluene Xylenes, BTX) luS § B> (o y 9
S 38 o IS g g0 (BT 133936 (oS i 3 00t b
21 o0k 2! gl gl
J(PhD) oY 1 a0 < (PhD) 5,505 9Ly Sudg, ¢ (PhD) g 0xs gawi doal ) (MSc) coiinsy Al g

T(MSc) Ll ! e

Obow (K3 pole olSuiily cublagy 0SUily clare Cudiligs (wdige 09,5 =)
O (S pole olKuiily ccudlipgg 0uSiily oy Cubligy (awdins 09,5 =Y
Ol (S pole (g pole ol cudligg 0aSiily o o&i\ib)‘T -y

Qe IAIA 5 p0ds A [T/VF Mol A/VT/Y o 2l

Ao

Ol > ) g2 ixtio SR 5 (e sloiB g 1 9 1Bl oo )8 I sloygeSgyam 14 e 5 g Sl ezt Jols BTX s 5 s 5 alulw
adllae ol B g, cpl 51l oo g cJad BB polie s p3 b 0d VTl cdale J s 10 0511 o s a1 bl oD LT b wlos g l9a y3 ©luS
$U ol anl 5 il i S lsis 4 Calgs 5 )1 (693 ool &S s ST g pal @l Sl g 51 oS 5 5l eolitel L BTX Gl colblf o)
IO ERCIR

o)y Ly e ST g yio (0] SO b g (S5 1 5 0, 96 (g Sy il adlllas (] 53 3L o (228 adlls S Sl adlllas gy 9 3190
Jsbo 5 /0 ko ey (ol ailgial (y5 S 53 2 p0 LBTX GBls pliee g a8 ad 5 Yo (g @ e (oo Y=V slo s jlaB b g 0)3 936 003 /0 3505
85 090 CO, s BTX chle (s sl (2955 5 909 lop 0l Sl )b #5008 e e (Lo ¥

5 (ZPVI-AEEIVY) isys iis L]y Jg g (LFVSFEFNA) 0356 gsls il 5l iy (AVAIF-EOIFY) 0,555 cpais yilid 5o o Bl ol 2l asdly
5 opl o> 6L pald 5 (ZAV/VA) Lo 0ai¥T JolS 4550 doyd cpaizats g (A= IVYED/AA FVIOAEY/VE YAASEY/-F 5L 0 oM P iy ) b bl
40355 Aoy 9 LAMASEYIYR ZYVNOEY/Y LYY EVAY L0 gMm P sy o bl  ZEVNV-EY/YD 59)55) 0,396 98 yikd 51 5V e ]
el Cawd 4 ZOPIAA ply Sl3gl gl yild 43 9 ZFYIYY il 0)366 (g yild 0 BTX Gl losil) bawgio g0 (ZVS/FF Lo 0ais¥T JolS

Sldglb b ey mld Jg bled o Bls (el 4505 b Gl sy b Baas Iy BTX @luS 5 0,366 o5 culgsy 1l wsel cund 4 ol ol 25 S doenis
A8 o a5 COL g 4o JolS oo a0 |, BTX 1 (g 003 (o 2081 5 2

BTX cadghitygindS ¢ o aamnST (321 10,3 93U 1534 5lb 23l

doddo

O=5) aob el g o8 Gl 5 (KB Glas dag e @lio Wy o (Benzene Toluene Xylenes, lo bl ¢ oSl i

[ DOR: 20.1001.1.15614107.1390.14.1.15.7 ]

lon 5 ST ¢ o) o sl (Sagl carge Wl o LS 5 0l Lt
Py o lama g sl g 4l Ll (Sl Jalge cpl )b 5l g 028
ol b ote (Vg eles e i3 Ll L ke ) 8 slo ol (350

WlaS 5 ol om0 58 (0 (G5 9 SadS (gaS )les el s LS

gl g 3 03558 jobo a5 Wy 32y (8 LS > o5 il (o BTX
g 03> Sl wly (o LSS nl gy (o0 )8 A e Y pae
Sl 5 o5 0,85 LSl Wilo 85 Y gz s g (5SS
W) 8 SlS 5 o Slasls glgl (85 SlS 5 Jiml byls o]

b o ol (Sb i pele oKl dae cuiligy gl ety Al gy 40l LL Juols dllie ) [E]

e-mail: ahmad_jonidi @yahoo.com

s Jtus

SVA=AMYYANA 043l dagome cabligs owdige 09,5 ( Sbj pole cudling 035l wigll (UL il )] oliec syl o5 2wl


https://dor.isc.ac/dor/20.1001.1.15614107.1390.14.1.15.7

[ DOR: 20.1001.1.15614107.1390.14.1.15.7 ]

WA liwo) /) ol org /wddyles 050 ¢ bl (Kb pole olKuiily dlxo

o 5 oy 4l 29) fS 5 58 5l oolisal b o391 slon o> (BTX) ol 5 B s

o Bl 10 5 &y izl iz 5l ol Ay colinlojl plosl 5 il (g3l
() JS) s 00l (ol gt alaiio by 2o 5l ¥+ gl

Sr ol Jog g ad 4l5 -F I8 sy =)
ol gslus -V S e =¥

Sliugey yiegeyy —A o 04T g lg LW 550 —F
eVl 5 551, -4 399 905 -F

Gy caall -\ yalig, —0

I3 by (2% —)

Glo Cqa ol ©lileie g 55T, I lowd Y JSWS
BTX ol

) s gl 93 48 ) 5l oolimul b bS5 ol 4 039)] (gl oyels
Syge BTX @l s oy il lon ol ool sgs 5 292 0nd 3y o &
B o) de osn¥T cdale Sl 5 o)) glod (il cleS cas cd S
Fodo p0 g (o JyiS gwled bolgen Ol slod i 03l )3 ol Job
o 0¥l g 03gr Lao (slod jl pYL (oS Lod b ard Lads 5,5 ol dspd
28 So Jodlatl b g )l & 3959 Glor (b Oliee 595 9 3)ly jride
A g 0356 (gt Sy slayild Sl Sy pm p S Ve g D (0 J 1S
g o 58 58Ty 3 Cug @ ]y e 1enST g ool D b gl S
WA 0dld e C)i Sladds o Vo ply b BTX Sl sler by
4y Yoo X0 s p3 ,e8T) Gl Syl la el SaS L Lo yild (glod
bgSTy & (295 5 52009 sl ol Sl sl Gges b S ol Sl
Y o 4 g dldd Ve Gde & addd pd il (Lo Voo (g)bp diged by (o0
23 ool SKC 8,5 calo Ggs JoS)ls 5l yol ol can A plosl 42
Caa Cdy Vb dasyd YO B lod g b gopus dopd Vor jl (g)by diges (V)
5 CSy JI Pl j g JoS)le ) BTX clis 5 gl gl 5 g
3331 e 28 i Sgus 5 sl ) o ¥ lie & e 05,0
JolS jobo 4 zlyscianl B s oo o155 I diges 4By Vo g0 (Jle; 4 CS;
(\5‘) >)§o)9w
Job b A o) Seag,S Jio GC olfiws jl oolizl b by aiges 5JUI
lod @l ol 4 )0 ¥e ol slod > pie (oo +/YY Hlad &y e YO gt
S5 ol d@Bd Vo ooy a3 VA 53,35 (glod 5 dn)d YO+ jasuls
Can cd)S Gyge BTX alsy cble qum lp e dlubul SYV.
cbale 605 o5l BTX @luS 5 JolS oygmolinnSly 56 Joo 156 s

o9 S | jghaie pd (CES Syge (298 g 9y len 1 CO2

ol S b peles (V) 0l (o gihae I3l p Jele plyis 4 50
2 leowd Slpsi Sl b ) S Sl Wl o Do & pleend CLS 5
(A) XS sloxy] e (sl

a5 b ool lga 5l T els 0an¥T Gls g J S cagr o Slllae
il U185 ol 2oy 5 Soidon Slacdyy 4 Ol o dlox ]
b gy bl ol Lolss orimd oLt Sl cl il o)Ll
s 23k o 8 Il p ead el cslagls der ) b
to gl ol Cools il g 0395 (58 iz ki) ol GBS Lols
el omslio clgzaalblS 553 5 b wlo sl il Q) cul
undBS olgs oximy s Gldllae (3yb 5l i 3 JI bS5 o0
e 5 oyl ko dlauly puolie @lils b g gl s T ol 5 s
(Vo) 2l

3 bl olgd sy ol kSl o Ken 5 Garcia
ozt (M) 1k o CUO dex 5l (36 (slons] (ol s Bls
9 S g Bl cunls oaimy i il Ken 5 Ping Li adllas
3,5 ol amyd Ve clad p3 aS ek ol (S aSlgie (sl ol @l
olpls (OF) 0392 78 iy 02 S 08T (65 4 (S aSTsie L5 (e
Olsis & 5 Cwdd ol 38 gl jleslial b bS5 ol ke Jials
ol oS ClgliglS jogad 4 Culgi) rizren g CilusST g g3l
(A) Sy oo k5 s K Bl lgie 4 )b BTX (4l (o s
W5 ale 59 9 BTX 0lisy (Jame a9 (il ©lpde 4 255 L
@b sl bame 5 Jile o Gl e (@lio > LS 5 ol Ll
Lais g 3l 1,5 b oy VT ol cdale 58 ding 365 Lo poguas
sbisly 33 Gimgsy cal W sy (o S5 &) (69958 Camnj lapmo 5 3,8 20V
chle gals g Jus gl plg U 5 Gla Pge gy S 4 (8L Cuwd
5 A oS dge b g bagpes mlio ) edliul cobls L BTX LS5

ey g dlge

2 Qo e )3 (p3lan Edshit gl (sla &y 5l 055 adllae el >

Al pslaie @ (W) a8 odlitl yia plgie & gyte (o VY b ojll
Soi5 sl ol B8lio ojluil 4l gl 9 BTX il el cudglingials” o)
L 25 ol 31 olitl b el sl als 23l 09 5 ccanlio JT 0l 5
90 b 9 oS (Bl 423 0 slod 3 Jlop Vo)l sl 0 B 4
2 oo Ol b stz 1 ey b clgs cols 5o b plodl aicl  dls o
5 (Cup0) oo 18T Sl 66 (1) wad S o5 ko a5 )0 WA+ (glod
el o8 Lawdly €535 g5 zogl $o-¥e @3 o)l s (Fe’) yio ol
Sytasdee VY AglS Cdg o) ¢ peliee (wleS 3 miliwge b 4
d9d Gl)d gl coled ) &S gpob 4 nd ol ol 4 g o silis
lod €o5 )58 33 3 Syl b e (VF) W35 CgB) (Sig Aoy 1O
398 (o el Jao cpl b plol s gl JU8 oo 35 (5lo a2 3 ¥

caz (F900) 35b B o151 bl b & 38 gy o dsge O &S


https://dor.isc.ac/dor/20.1001.1.15614107.1390.14.1.15.7

[ DOR: 20.1001.1.15614107.1390.14.1.15.7 ]

(Y Jois) (VOYO/OOLE lio )3 \OYA/FYLE) .59 siiis
80

[EACHRWI
70 -

B LS 4 ws e

NERVSERTRTIN

ST i \_'fﬂ Slydgl mLs

oyl g LS

3595 dwoyd g dis lely Jlre Bl ouil g (10SSbe LY Hlag05
@396 gl yhd 90,590 g ks )3 BTX ©luS 5 Jol5

5 o sl obp » COy clile )5 ol I Jobs s
dxgi BB @oles onimd L oS il > Ver glod o gld g5
CO; chale o (gygb & Mk (o0 lajild (295 (slsn ) COp clale
Oon kS (29 sl > B PP ply S 93 (9399 len
Cal 039 YO+ PPIM 0)356 (o> il (29,5 > 5 OVH PPM 0)d4l
5ooolizwl b &S lagld 3 ond Gls by aan¥ JolS wim aop
ol 00 dwlee yild 2y ok Jlasl sl oALi\fi P> 9 CcO, slalale
3l o BTX 0S5 ol 4o o lid p <l ) (S

J Babol Univ Med Sci; 14(Suppl 1); Winter 2012
Benzene-Toluene-Xylene (BTX) Removal from ...; R. Rostami, et al

CO; cbile (5,8 ojluil as odliwl (GAS-TEC) 555 8 s sl
@ (W) C85 Ojgo (o (o Vo v Wiged o2 b3S (o a2 Vee
8,5 108 los g 4355 3590 iy BT ygeil 51 ealiul b eslel vy

b a8l

Conl Sl yihd 93 ya 55 b oan YT Bl lossly a5 s LS gls
e Bl plasily 8l (o )l (gme 5ld5 cnl () 5 (150 2590 53 4S5k
oo ST g cal Sl L ke j> g YAYEOY/Y )3 gl gn il
odgl o gld 53 bl Gls glsl, 5 a3l e YUSFEFNQ
23b o AIVYED/AA o 2T 5 oal Sld b gld )3 5 VAASEY/YR
Luwg b oau¥T plo 5l Gglite Hlaie 4 b a5l G ya 4 (P<+/+Y)
alSy Gls gl plotily Sile bl bl ond s lgn ybys 5l byl
kb 5 Gt (OSIAAENFIDA) o 3uuST g ol @l)d b 2l s BTX
b oan ¥l Gla jlosily Cpuiomen .ol 039y (FY/YVEVE/AY) 0,356 598
ol 40813 0,3 515 gy gl & a5 55aS gl o by 5 0,958 il
3 Gl (VA=) 05 6l g yild ) o Bl ploily s () Jbgel)
Fd o oVl le g 39 (AFUSE) 0360 ld o o Gl el
) Jgi) 1 03 B> 03515 g 2 e s 0,59

S92 03k 4 barye yild 4 o0l Bl g 0nd o ls 01V p 2 (s
o1 3,19 01 W1 lade S yobo 4 03l oo o 5h1j & bgrpe polie (e
(V- OIAVUE) 05 $b cygds yikd 1 i (VA -FIYAUE) 0,390 (5l yibd &
Sl 56 o i 3 asd Gl gla oa¥] JS b &S o

o ST g ol ©1,395L gols yid 98,39l gt s 51 o3lis! L BTX oS )5 i Lol poslis ) Jouor

NAAE=YA PNE 5 NARC=AY2 YIvOEY/F4
J¥SE[Y NARENRYS YL/ < IANE-/5¥
VV/R== VA SR 0 7AY== VA LU SV A P AV/N SN 4 JARE S dA N
VENE-]Y y/oot) /¥ Y/-YENNA ARVARESZAR
AREYRYN ARERTAY ARE=YA%4 \Wid==0001
AIVYEQ/AA  FY/OARYIYE YA/ASEY/.Y Y/ AEF/YY
<[\ o ]eXY < /¥ - /3y

FAT-EO/YY
VoYY IVA
VA -£B/TY
V2ES7N
Yol VEE)F
FUSFEEN

(PPM) (539,5 wdalé Js

PPM) o>5,> clale J§ 053 ¢l (ygu
(1Gio leadl,

(PPM) (5395 2Lale Js° E o s

. ~ 9@l wlyd bl

(PPM) >y 5 wbale s
o oo oS |
(1)Bsd> Hlesil,

) 09,5 99 ;0 B> leaily awslas P lade

e SmST g (2T 139 L g 0,5950 (g Jild 5 BTX 0luS 35 51 Sy 42 0l Bl g 00l Jlosl 02 .Y Jgo

obls0 oblim ohip

Y- O/AY \Y/- N YY/AY YAIBY AAAY
VOYA/FY YIv# YIYY O/FY INNARY
Ya-7/fA FIVY eIvY YEIYY MARYER
VOYO/00 fa/- ¥ YOIAF Yo/t YAV/YQ

VASY/FE (ME)ous Jlos! p 5o

035 il (390
VFOA/AY (HUE)ouds B> p >
Yyoav/-f (U)o Jlosl oy g ol wlyd gL L

VIOAFD  (Ug)euds Bi> oy o S


https://dor.isc.ac/dor/20.1001.1.15614107.1390.14.1.15.7

[ DOR: 20.1001.1.15614107.1390.14.1.15.7 ]

WA liwo) /) ol org /wddyles 050 ¢ bl (Kb pole olKuiily dlxo

o 5 oy 4l 29) fS 5 58 5l oolisal b o391 slon o> (BTX) ol 5 B s

5L g 4 05 5 gk il 5 W 2au YT i & cals ol s o
28] g ol Sldgl mld o e sV Gls .l odg Lile oy )b
Olipe & dtly jidy Bl e 9 03,0 Cund Jop gy Oz e
0599 5 035l LS 4 3 )b gl ol 556 cow el ndy 15Ty
aly ol e 08k 5 039 SIS 40 o o] e cuols g
ol 030> LialS ol 4 ds g5 b b oa Y]

oris basCOy 5 Ul & g odis ajos oS job 0 45 ola oai V1
Sl 5 a8l 45 il o anusld )00 CluS 5 4 b odd il Qlo by il
WJod s (5)%0> LS 3 g e Wl e 50 Jle lyis 4 BTX
S 298 @ adgl Jolye )3 Jutb (uSham 5 i (ST (63 (Juid (S
COz ks g ;%00 JT bS5 @ amd (59, i 455 2ol o] Clae
s8] g ool Sl gl ld 3 mls & dry b (YOVF) Kgd s O
03,5 4525 (5 AlelS g ) Lo ouiy W1 g &) ey ey o A]8 e
5 e b oW1 LIS 4505 gl o g ool 3 5 2l ol pley .l
Bl (g

o9 kd 50 b oY1 IS oad Bl o2 il 4 255 b izpen
7 S Oalis onl 4l o el 0390 I 03 ik Sl e (S 0,55
3Sdos 5y ol 3 A3l oo 0,396 gy S )3 (3 i Bl I L baes
g9z » BTX lus 5 Bl (sl o s g ol S35l g9l s

,Ss@'“ 9y Kvyy
Slolg 55 a8l assere pime Ggtus S alwghs
S sles 9 S5 gl ol sl 3 )lem a4 cullag ouSitily

20,8 oo

55 4o g s

x5 5 sl ol 1l oay VT oS ol s dalllas ] gl
» CO, (YU cbale k)b (plalS wjos coill uo 28] § oo ool
Gl gl 01Vl lje (8,5 5 )5 b g e g ool 3 5 s (298
Loy il & pHi u;l » a_x;i\” )..LQK 4350 cubB sxiad uLa..; W)
s 0a VT & 9,580 by b Fe a8 wsl Gyg0 4 0l oo b ou VT 4o
b oo o9 pSl 58,5 #8lg 53 5 ST b b Cu,O 9 LQJ\ oiblS Cogo
5 gl jgas 5l plie Ho g OH- sl clolonly slogl YU @)lys as
) 3535 Lo bl aps coge 3o B o b WK, o) LaSTy
Ui Fe™ & 5,80 ool by ool @ly3gil &S ol o0l Lts Zhang
L CUO & 5081 Joks b 3155 o 55 o 351 i (VA) 2395 o
29> 4 205 L VoY) 298 s e 0l 4 STl 5 b eles
Sliogas b g 03,8 Wl £)g5lblS (i & (e 38T 5 ool b b
115 plos] (M) diled oo 8 ko nlS 5 Ltalu] (sl STy 5 Cglite
LS Cae $FNAS b 4 Wy (e plejen b 4 Lol g (gnelins]
ol 3 oLt Ken 5 Fan s & sl a8l 45,5 g0 b oV
(YY) conl 039y 5 5molSuw s > b ] 5w 3 oiand

5 oau¥T Gle losily > Jgp Kgy S 0> b g yikd
S (S a3l S b1~ 3590 53 LS 45 30 2529 b1 -0 b (50
Okl 0 b o5 Sl el bl 5l agd o 0m bl P Bl lew 4
ol Bl Ol g Colp plie & S S P oo bl (o RS
g e oyl @ dog b 1Y ol asly 136 0 $b gh yikd > b osnyY
g o ol adlas @l prizmen 5 338 ol (295 3 COp ol clale
o ey 5 @S Gyee VOCs wlsy Bl cas ol K Zou
oty (VF) 31 0313 s 1y s g 3618 3y 51 b 5 ngss CO,


https://dor.isc.ac/dor/20.1001.1.15614107.1390.14.1.15.7

[ DOR: 20.1001.1.15614107.1390.14.1.15.7 ]

J Babol Univ Med Sci; 14(Suppl 1); Winter 2012

Benzene-Toluene-Xylene (BTX) Removal from ...; R. Rostami, et al
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Combined Filter of Zero Valence Iron and Copper oxide Nanoparticles
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ABSTRACT

BACKGROUND AND OBJECTIVE: The BTX compounds consist of benzene, toluene and xylenes are volatile
organic compounds and are present in fuels and industrial solvents. Its emission to air and exposure to these
compounds threats human health. Thus, it is necessary to control these compounds concentration in acceptable limit.
Therefore, the purpose of this research was to survey BTX removal ability of a compound of iron and copper oxide
metallic nanoparticles which have catalytic properties and also Zeolite as a sorbent and media for nanoparticles.
METHODS: In this experimental study, samples were taken from inlet and outlet airflow of reactor for BTX and CO,
concentration determination. Zeolite filters without nanoparticle and a compound of zeolite with zero valence iron and
copper oxide nanoparticles which contains 4.5% of nanoparticles and with 1-2mm of zeolite grains size as much as
200g were prepared and the BTX removal by each filter in a 30cm in length and 4.5 cm in diameter column as reactor
determined.

FINDINGS: The removal efficiency of benzene in the filter without nanoparticle (78.30+5.37%) was more than Iron
and copper oxide nanoparticles (49.64+4.19%). But, for the toluene (67.09+4.23%) and xylenes (39.86+2.04%,
47.59+£3.24% and 80.73+5.98%, respectively for p, m and o-xylenes) in iron and copper oxide nanoparticles filter it
was further than the filter without nanoparticles (toluene 62.10+3.25% and xylenes respectively 30.20+1.84%,
32.1543.39% and 18.80+£3.39%). Also, the pollutant complete decomposition was higher in the filter containing
nanoparticles (82.78% versus 16.44%). Average removal efficiency of BTX in the filter without nanoparticle was
43.31% and in the filter with iron and copper oxide nanoparticles was as much as 56.98%.

CONCLUSION: As the obtained results the filter of zeolite without nanoparticle mainly removes the BTX compounds
by absorption or incomplete decomposition. While, the zeolite filter with iron and copper oxide nanoparticles performs

decomposition of the BTX more completely to CO,.

KEY WORDS: Nanoparticle, Iron, Copper oxide, Clinoptilolite, BTX.
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