qic oLT (o) a)Ladd g Cunyy )93 el (S0} egle Akl (ol alas

295> (NOX)yj9 8 goannst Bis 15 Sl Culgliy gl Culgij 3,8 (o
2] B sl pitmman 31 83Lw] b gyl iS393 ]

T osheys il i Olanls 0l

Al ey Wy o8]y emnien § ool 205l adly comign 5955 ()
i) o) o) Sy pogle alSuih e ublag saSuinh Jaune cdblig csmaien 5955 (P

NN oy sl AARVA RO PR

oS>

B gl yog) OT om jl &S 3, S99 |9.a: 5 NOx o.).;ﬁﬂ slaslE Gl Uy e o o, sdodo
Gtz opl 0 il e ouiS sl Kl eolil b obesl s o B sla oy cpl 51 S0l 1y 0l o i
Jlsie 4 olie 58 5l eslazel L (NO+NO2) NOX (slajl5 Bis 3 Jlp! cddsbingilS anb ey 5,Ses b ol 1y
85 )18 bl 3y90 048 sls]

S e sy s 2 Pl srslisndS’ 5 (90 P g ) oolitel b gy (alhord ol b piigy 5 o
Ol dn 3 00 b Voo glod o cdgss 5)Sles IS cpl 3 el odd oalitn] ol ey b ISl a8y 5l el o)
15 50T EXCE 351 o5 buugs o] ol 6 6,5 5 (i) 3y9m 4685 2 il oo T S5 (3 b g 38

ol o9y 3 NOX Bl (sl (95 Sl 3,8kee 0 digign Slul clgbusds culgsy ipdgpy (slo alil
a0 YO+ (slod )3 gr o yd FY gas oS 55,05 55 4 NOX s Bls Lol oy iy wcadly olie b b5l B
el Cawd 4 3l,5 sile

Lm)lf Q"l Gl d]).: ,\Ai)lg 9 );90 (.)“5) L_i) UT ‘_s)l.m o.)l.nT U"ﬁ) 9 ;MJ?j) U"l as Al ul.m.: C;l.u dxfd?gu:’" ‘.49?

ol b)yWa)J);?A)MOMPl}U])KOJI dl)))i.).)lyobt\fu.:lm)lgbmlnn))dsmbuo

oy 5951 el glitygilS g 595 denST (U sl T IS S 8l

ol ! ‘r)h‘l ‘r}‘»ﬂ S f}l‘c‘ A ECH CIR KPR CH P OO RPN otige 095 1 Pt 0k 53 ¥
Emasil:llam_nourmoradi@yahoo.com

Yy



oOhEss § (53112)05 Al CrLaibss ... (NO,)0)9)33 slasyus) d3a )y (3} Ciadglaisgials Ciylgs) s)yalac (aw))n

Jsliza NOy o> (gl Ui yg3bIS 51 odlitsl  aisly
Gl o adlS ln gy (ol ) S e
V=08l o 018 sl Sy ) oolitl |y b5
o ol dlize clo Bl S bgy ul )
b > @ b el do candblS (Sl o9
)8 asgi D90 Baas 03y glod o0 j3 YL
e glo g Gl ae; ol sl 4B S
b cdgs ol & b ol 5 Jy ccul odd olizad
2t b ol g b s e gias Baas
5 ol el S ol s (Ve V)l e
e & CglingnlS cwd iyl 5 b csS
Dgas (oo ool g o Bl Heds 4 ylpl yd
Uhay ) ol b 1) s cpl qeioo ol o
Glo 1) ol 0Slee g 03,5 Algy ol
ol lsie 4 oo S8 s 5 (NO+NO,NO,
sl gl (22 g by Sl Jlosl b oaiS
B> Gk 4 ed o 1B oy 2)90 0anY]
5 55355 5 & (NOHNO) NO, o5 (e
RV P S PR C P PR R
L 59, 9 dlge

Cudgi J) Gl sl o adlas ol
o3lit] 1 4y hiaw ol ) 45 Colslingnls
ool ekl ats el Lolul 4 43,8
Dgign Ll (Sig Loy Pl e cdgi ol
OsslizndS 9 (g L5 Al ye Jold gy (5,8
FpS¥e 298 oo plnil jij ©ygo 4 &5 AL (0
Moo ¥ Jsbro b (1 o el U)ol S
lod ) 4 Ve el 4 mle Cand U pasigel W)l
O pS Sy xS Bl aep Ve
03j oo & Celw A e 4 (Hot plate) bl
b g G oo Ol b 5 00 1l digad e A
el ) Gl a4 dels dges ) 5l e S 03l
Sid ol S ol e aspd Ve cle
i o5 ysliie & 85 caul 55 & oY (W)
LSS Y celo VW Gloj alols L (598 al>yo ¢pia
Cude (g My e (gpelindS dbpe 3 00
o digei Sligel Bl g Culgh) o 2 (59,40
0y05 G oS il axyd B gl cdg;

YA

dedbo
oy e ) S (NOY) ol slanws]

Bl sl LiSly b oS 1l o lon sl 0ayV
SawST sdes yisw Mg 0 g8 YU slales )
03955 38T (63 9 (NO)S i auS] Jolis )
i gl laanls als &8 il e (NOy)
9 Cgw Jliblo )3 35290 b e b ok
2 il )3 39250 (59555 s Bk Sl iz o2
(Olj st 5 Vb ©)lis 352g) STy Lulys S
o111 (o 595 damST (63 (V)89 (o0 g
o1Vl 0y Jalge 5l g 25l (oo yimuail 3 Jlsb sla
Al oo 0l Jotal (oS 5 5l Wl S sl
S 25l o o 020V SO gy ST (0
Gk o g A5 o K5 ) gy bl
Ohlor D98 (o (b lo Cigie Ll ca
wal & 5 el 5l 86l @ el 4 M
Sl el Wly o B ol il o olee
Conglia (liee Bl g b ) )55 9 (i
bl cdlizee (b (gilaw blde )0 (ol el
o Sl Ol bl el (g5 gladpusT oS
Cullige it Sl Sl oy ol & L9
Br 2 o oy LS e pansss] g ol
Jole 4 030 eS| cul (Ses o (Sl
LS (Y=¥)0555 b 3l Ol gess Lol
S elgl o g ST Sl (oo 5 Syt
glo Sl bl s St s8] sl o))
b Sy 2 oo D9 (0 oS Ly oo 31!
i) g ok 18] OH lo JISo3), b o
|, HO,NO, NO, HNO, 5l (355,55 5 (S
NOy Gis 4ly iz sla yogy LS 0 Mo
5 w2 Sl sl Uiy Jeld &5 5l e
@ g Gl e Gy (0l e a5l
2 Ak d>g8 Dje0 eSS ol > OMSie o
odlitl NO 4555 (¢l obj slod j1 Syl (59,
) olhasl (ool slo (2STy ol glod g 298 (o
@ @b bl (ede gy 2 (Fed o sl
b o pialS ol Jlb maw (59, NOx Ll s
o cwlio NOx Bl (gl (j3g) 99 ol ol 0 o



qic oLT (o) a)Ladd g Cunyy )93

el (S0} egle Akl (ol alas

o o3 0255 JS 1o LS00 (S oS o
)8 sz 1) )51, (slod g oo T b g 2L,
KANE 940 5JUT olSiwd olel 5 (39,5 laj5
I, O2 3 NO, NO,, CO sbj5 &5 sl
Y Lol e elp ST e 60 0jlul g olils
B slod o Cels ) oo 4 b diges 1 0,5
b a b océ s 3 e8] B o olF sl
b ol 5 Cundbls 5 Slas o oy ok
AR byl dee WS Ble a2y 00 BV
21y edgs > Sloe inl sebiio ool (sl ()b
o S Gl ayse dF ol as o Voo gled
o3 ol anyd YO« a4 bod il b e pudd
o ol ol S a8 pled JS bwy
led B L8 ol g w8 o o b o 25

o oo ploal o5 Sl as > Be e

Temperature
Controler

Cod ly Sl oads oo @yl celn VoG @
by b JHS0l 9581, Sl edg cnl S
oald lis Vv ojleds S > oS Cawl onds eolézl
5o s s 4 (3950 35 JsuaS a0
o Ve ppm clale L NO (sl (gol> sil (oo
90, o> dop VIO XF0 ppm clale L NO,
095yl 8 3l g ail e Veee ppm cdale L CH,
G 5w cawl 0 ookl iYL 5 laie &
b j okl b &S 39 (oo yiagls 3)ly SIS )l
8> gt (oo Fee BV gl (03 (sl dbgaye
5 OSe)S Ul Dly plogld Sl am Sl o gl
B k8 2gd oo ol Jin )9ST) Dly e
D il o 55 35 Jetal ) o i oS ),
oS odd dpai 9581y JB JigS 905 ¥ Bl (o il
Sy a ey e o ol ) i jl asb ¥ gles

Feed back —

Feed back .

Pressure Regulator

Flowmeter

Heat trace

FFumace,

Valve
DG vem
X Valve
cater
Analyrer

Coll g G G )81y Silond prguai .Y 0 Lo S5

R (sl 4l

Voojled S5 50 lg e ) (Sl oS S yugas) FESEM 5 (Sl axil 31,) XRD 3JUl

(AIY oylad IS5 j1 a5 pobo plod Al (oo pl Culgh) 5 00l Ay Culg) Sl G 4 &5 3 saalis
S cuwl d" )i’l.«u) (L_J)Y o)Lo..f) JS\MJ 9 Cowl 005 u.:L.oL...o wjl:?w; Ls«a.lbl.: 4 Joy).o ;i.u | ua?u.wo
08ligy |y Culgiy chis a8 Wil o F)lsS g culbgiun)S glo aBU g el Slgo jloands plb Culg; plaw

|



0h5as g (531))¢3 W Cradbis ... (NO,)0)g)Id (slasams) 33 )y (1) lglaiygials Culgd) s)Skac (w)p

(<)
16000 -
14000
12000

10000 4
8000 4 cristobalite

6000 /

2000

P95y e y29005) FESEM () g 005 4igig 1 g5 (Sl anadl (pd152) XRD () jguas ¥ 2yl S5

PB Culgij( 9 5SU!
$lod 1> posjSlo dlads 4y g a8l Wiol38l b l5ee Calgh) bl 5 Sas Sy ¥ o)les S0
orYl Sl &S sy 0 3)S Sl ax > ¥ 2 HuiSTly slod 1 aS Cawl ol Al gl gils
ol GBS Clad 500 Fas liae p 0,8 Sl as > Yoo =04+ odgaxe

o> Liul8l b i o e o lis ) Ny 4 NOy

0.7

0.6

0.5

04

0.3

0.2

NO, Conversion to N,

0.1

0 100 200 300 400 500 600

Temperature (°C)

a8y g gl dao €0 v 5 Uys 5 L bed Cunes 59 N2 & NOX Juad oyl5a0 ¥ 2 Lo JSUS
Vo Ol 0310l b o alig yp Clgis 2,5 Y

o > g 51,5 sl a0 led o2 s NO, NO, clale &l V ojlods Joi>
ol o3y LS Y ojled Jodo j0 (939y8 ;LS ol Lod o> p ) QT J e i
ool S G S [ SV ) [PV~ SN W Y S



qic oLT (o) a)Ladd g Cunyy )93

el (S0} egle Akl (ol alas

lod o 9 N2 4y (359 5k (SBamnST Jad (31500 9 CABE Oy Y 0l Jou

(°C) s NO(ppm)cle  NOz(ppm)cdale (N2 4 NOy L) X

v )
vo- ¥
Yo )
Ya- )
¥ ay
- 0%
o WY
o0 VFY

Yy o[-5
Yavy <Y
Yoy AR
yYvY oI
\\rg -loy
\al ey
¥ el
oy .[5-

3,8 (gilw a3 €0+ slod 10 by (20 o w B ol g CdAlE Ol i LY o lowd Jgua

(m/min) k> > NO(ppm)cdale  NOz(ppm)cdale (N2 4 NOy hus) X

Yoo .
i Vv
I VY-
5 W

oo IV
Yy -[5¥
A [0
0 - /0¥

B ojlod S a3l 0Nz gNO S & o bas
s STy slod s 1 1y NO clile i
NO Juie Lo Ll b JS5 gl o & aams o

@ NO2 )l ajos s & &8 aly o 2ol
sl

m);‘)Noqualc)M\co)lm»J&a

Gas hourly space =Y-YA-h™ )5 juSly cles
e oW (8 wlad ceyw GHSV)=velocity
O‘}ﬁ.o ol R S Oﬂ‘ 5has sl olen L
5 i Sl &S 1l e LinlS bos LilsEl L NO,

500
450
400
350
300
250
200
150
100

50

NO,; Concentration

300 400 500 600

Temperature (°C)

A8 o p (e £o v B Gl (o3 b led cens 5 NOZ CllE Ol £ 0 )lowd S5

)



oOhEss § (53112)05 Al CrLaibss ... (NO,)0)9)33 slasyus) d3a )y (3} Ciadglaisgials Ciylgs) s)yalac (aw))n

160
140
120
100
80
60

INO Concentration

40
20

Temperature (°C)

300 400 500 600

AigBa y gl o £0 0 S lyn (90 b lod Conns  NO Clile Ol paus .0 2l JS0U5
Yo i 031051 L oo dSgp Culgi; 0,5 Y g

L I ysb 4 Lo L NO, 5 NO gla clale
aS cdlyd oyl o ¥ ojled Jodo lCuwl oad 03l
NO, (NO+NO,) s lise by (25 iolsél L
Olej b oS S & o8 b (oo RS e &
bl 5l a3 o CanlBS St 5 5 Cold
s Jaie (GHSV sls)obp (oo ials
@ 0 o Ve hdd & gk 4wl Ll
ol 4y Yo ml/min
» cwl Jyas BB (GHSV=152100")l5
Qo> Linl3dl b & 395 oo odmlie ¥ ojless JS5
J ol clale o gy 4wl o Sl NO, jluia
Bl Sl &S awy 0 OF ppm « Yo ppm
&S b o N2 9 NO olaj8 & o] s 9 NO,
il o 361 (1) 5 (1) sl Ty 3o
10NO,+4CH,;>5N,+4C0O,+12H,0 ()
NO,~>NO+1/20, (v)
BMS &S w2 o i B ojled S
0 ol NO cbale doy al38l L ¥ o)leus S5
Yoo 5l 3YL oo 0 NO; iz Jdo 4 &5 Wb
a Voo YL glod o am cawl B)S il as iy
iSly Bl g 298 (o w35 NO, JB 0I5 b
L NO jluie 4> 51 .08 o O g NO WJg5 (V)
NO, cile gyane g b oo ial3l dos (il
Lol bl oo il > (il L NO

sy Y-

Y

S5 oS g Con
B a by & Sy by el alll
bolid (Y ojlod JS5 53 cunl cilliginn S
ool sl o1 0,L3l M 45 job los .l 003
b el pl & 23k (o 203 £+ ) it Cgf
o Dol Slge 5 S 5 ClligiusS 4 by
)5 odalie ol oo (@)V o)led S5 1l
@ Celshitygnds Culgs aile aio gl b Sl
5 Sypel)ail oad Juato o 4 o8 cloiy dliog
Ol g g ghaw 05 (Gile 4 (Cdlbgiun S
e o bl o Gygel dse sy
5 S & cwlond p F)leS g clligiun S
(srond g 398 (oo pil Blie (pl 93 5 Cud 5 (92
S g (o0 o 5l g 0 At b LAIBL (]
Joas jlade o iol38l b &S s o i ¥ o )less
YO slod > &S (gyeb 4 sl ]38l Ny & NOy
Mo BY Gx 395 lade ST 4 0l S ile as
5 el dos Ll b dai ol ) e gty oo
e s 0 dlg (o S ML (0 Ll s jlada
OoiSly Sy Gl i o g STy sl
CdS domi ol o iy ol 4 sl (b sl
wse slod YL 3 ()93l clld rals oS
A8l o5 Sl )93l clld (58 (g ) (3L
agl cllld L il Loy o ST &S 2
e Y opled Jods 0 i b WM o) odalie



qic oLT (o) a)Ladd g Cunyy )93

el (S0} egle Akl (ol alas

i @ olg oo 039 SlajE 5y 53 01 S
Bls 1) NOy wluSy 5l (aopd £Y dgas) g0l
@ ol B eolatwl [ dng BB a5 Loges
o) & b o oy STy 5l S lge
0391 39250 jI5 5 olend wlio | (Sl > Sy
S psb plon dges ol p ) o] (ol 4 g 0
Slogel 35 31 lisios 51 ()l 5> 1 0,31 YL >
g9 aisse bld jl g 09 coww Jad & aS ol oolail
@ 5 Jlas! S s bl o sllas JI5T ]
Ca (5] (GBS slal) by ol x5 8
piY b anie g oolasl Plue by oan¥l Gis
Jooolitel 4 dsg b oaS Wl e J8 ol sy
Olisl 9 y99s & olpl plee jd &S b cudUl
i adl o o B 35 Juns 3l 395 o 2l
o Joe 0 candblS pl (68 S8 4 Lyl
ke glo oS o9l | 2g B w oy
ooled b sillae &S goo0 4 b LialS 1) Caw

Al 133 59 (Jarore Cas

Yy

ol NOy (NO+NO,) bus jlade by yiol3dl
JB Y ojless JS5 9 ) oylad Jgao jo a8 sl
bylys o 1300 5 L awlis o .cwl sanlis
5 Page wlie lod ol 5 ol by
g5, (s gl glS eV (Y--¥) ) San
ool s 05,8 eolatel NO 8 Gls (gly 1y o
Copw g odiS clol loie 4 Sligel 55 adlas
e 4 & sl 039y VE+ v oh™ (GHSV) las
g lowdue (W)L cuwd  Jas dop M
S 035 ) Cuidyge gy o) (V)
bl g a4 Sligal 5l g 03 NO oa¥ 518
2 o N0 ply bas e oS el edlawl sais
2 (F)cwd oad Jobs Feoor h Llad e pu
Cidyge g 5l (Ve )olon 5 gluisS” adllaa
b Gliee oYL a8 Wl 0 )8 odlaiwl o iy
Cowd 4 gols .(V0)del Cavd 4 1oy A iy o o
&S 50 Sldlbs b duolie (> pols suisd 5 ol
CandB ol &S a2 o LS el 0 SO YL o
s 3She 018 S5 lans ol s, |
b CadBlS 6,05 8 A b ol o W el aily


http://www.sciencedirect.com.sci-hub.org/science/article/pii/S0167299100804073

oOhEss § (53112)05 Al CrLaibss ... (NO,)0)9)33 slasyus) d3a )y (3} Ciadglaisgials Ciylgs) s)yalac (aw))n

References

1.Armor JN. Environmental catalysis. Appl
Catal Environ 1992;1:221-56.

2. Young LJ, Gotway CA, Yang J, Kearney
G, DuClos C. Linking health and
environmental data in geographical
analysis its so much more than centroids.
Spat Spatiotemporal Epidemiol 2009;1:73-
84.

3. Farshad A, Gholami H, Farzadkia M,
Mirkazemi R, Kermani M. The safety of
non-incineration waste disposal devices in
four hospitals of Tehran. Int J Occup
Environ Health. 2014;20:258-63

4. Gurjar BR, Butler TM, Lawrence MG,
Lelieveld J. Evaluation of emissions and air
quality in megacities. Atmos Environ
2008;42:1593-606.

5. Xia YF, Lu BH, Liu N, Li CQ, Li SJ, Li
W. NOx removal in chemical absorption—
biological reduction integrated system:
Process rate and rate limiting step
Bioresour Technol 2013; 149:184-90.

6. lwamoto M, Yahiro H. Novel catalytic
decomposition and reduction of NO. Catal
Today 1994; 22:5-18.

7. Capek L, Dedecek J, Wichterlova B. Co-
beta zeolite highly active in propane— SCR-
NOx in the presence of water vapor effect
of zeolite preparation and Al distribution in
the framework. J Catal 2004; 227:352—66.
8.Kiovski JR, Koradia PB. Catalytic
reduction of oxides of nitrogen by ammonia
in presence of modified clinoptilolite. US
Patent 1980; 5:131-8.

Y¥

9. Ghasemian N, Falamaki C, Kalbasi M,
Khosravi M. Enhancement of the catalytic
performance of H-clinoptilolite in propane—
SCR-NOx process through controlled
dealumination. Chem Eng J 2014; 252:112-
9.

10. Stevenson SA, Vartuli, JC, Brooks CF.
Kinetics of the selective catalytic reduction
of NO over HzZSM-5. J Catal
2000;190:228-39.

11. Inglesten HH, Zhao D, Palmqvist A,
Skoglundh M. Mechanistic study of the
influence of surface acidity on lean NO2
reduction by propane in HZSM-5. J Catal
2005;232:68-79.

12. Li L, Zhang F, Guan N, Richter M,
Fricke R. Selective catalytic reduction of
NO by propane in excess oxygen over IrCu-
ZSM-5. Catal Commun 2007; 8:583-8.

13. Morenotost R, Santamariagonzalez J,
Rodriguezcastellon E, Jimenezlopez A,
Autie MA, Gonzalez E, et al. Selective
catalytic reduction of nitric oxide by
ammonia over Cu-exchanged cuban natural
zeolites. Appl Catal Environ 2004;50:279-
88.

14. Mishima H, Hashmoto K, Takehiko O,
Masakazu A. Selective catalytic reduction
of NO with NH3 over natural zeolites and
its application to stationary diesel engine
exhaust. Appl Catal2008;6:84-9.

15. Consuelo M, Fernando C, Felipe B.
Cooperation of Pt and Pd over H-mordenite
for the lean SCR of NOx by methane. Stud
Sur Sci Catal 2000;130:1469-74.


http://www.sciencedirect.com/science/article/pii/S0960852413014879
http://www.sciencedirect.com/science/article/pii/S0960852413014879
http://www.sciencedirect.com/science/article/pii/S0960852413014879

qic oLT (o) a)Ladd g Cunyy )93

el (S0} egle Akl (ol alas

The Study of the Performance of Iranian Clinoptilolite Zeolite in
Removal of Nitrogen Oxide (NO,) from Stack of Industries
by Using Selective Catalytic Reduction System (SCR)

Ghasemian N*, Nourmoradi H*

(Received: January 13, 2015

Abstract

Introduction: There are various methods for
NOy abatement from flue gas among which
the  catalytic  methods are  more
conventional. SCR-NO, (Selective catalytic
reduction of NO,) is one of the catalytic
methods. In this research for the first time,
natural clinoptilolite zeolite was used in
order to the NO, abatement using methane
as reducing agent.

Materials & methods: The chemical
modification of the zeolite is conducted by
ion-exchange and calcination methods. The
catalytic behavior of the sample was
investigated using the integral fixed bed
catalytic reactor in flow rate of 400 ml/min
at temperature range of 200-500°C.

Accepted: April 20, 2015)

Findings:  The  protonated  Iranian
clinoptilolite zeolite showed a promising
performance for NOy reduction via selective
catalytic reduction by Methane. The
corresponding temperature of maximum
activity (63% conversion of NO, to N,) was
450 °C at a low GHSV of 20,280 h™.

Discussion & Conclusion: The results
showed that this zeolite and its preparation
method is an effective method for NO,
abatement in comparison with other
methods.

Keywords: Catalytic reduction, Nitrogen
oxide, Clinoptilolite, Zeolite, Fixed bed
reactor
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