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Abstract 
In this paper, Zeolite NaY was synthesized by sol-gel method in the absent the presence of organic templates and 

additives. Then, using ion-exchange method, it was transformed to zeolite AgY. In next step, a manganese dioxide 

nanoparticle was synthesized in the pores of zeolite AgY by confined space (CS) method. Nano-MnO2/Zeolite AgY 
composite was characterized by SEM, XRD, IR and AAS techniques. The decontamination reaction of 2-chloroethyl 

phenyl sulfide (mustard agent simulant) and dimethyl methylphosphonate has been investigated by nano-MnO2/Zeolite 

AgY composite. The results of GC analysis showed that 2-CEPS is produced about 86% by composite after 24 hours 

and it is changed to less toxic chemical products. The major of which, identified by GC-MS instrument, was phenyl 

vinyl sulfide (PVS). On the other hand, 
31

PNMRanalysis showed absorption of DMMPof about 87%after 30 hours. 

Keywords: Zeolite AgY, Manganese Dioxide Nanoparticles, Nano-MnO2/Zeolite AgY Composite, 2-Chloro Ethyl 

Phenyl Sulfide, Dimethyl Methylphosphonate, Decontamination. 

                                                                                                                                                                                        
 *Corresponding author Email: slsharifi@yahoo.com    Passive Defence Sci. & Tech. 2012, 2, 169-178 
 

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir




 








DS2HDO2








 CWA][





HVG 
][

VXHD  NaY AgY
][NaYHD

TG)
AgY 
] [ 


 AgYHD

VX


AgY
EMPA] [


OSDEPPT
 AgY

EPPA  AgY

 .][ 


 AgY VX 




 AgYO S

)DEPPT( 




 AgY2-CEPS 

Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir


AgY       

 

 Nano- Fe2O3/AgY HD 


AgY Ag-SOD MCM-41 Ag-MCM-41
][

ZnOCdOAl2O3 


HD ZnO
][ 





2-CEPS




HD  DMMP


ACHE 


 
AgY







-




















 ] [ 

                                                                                       
1 Aluminosilicate 





M2/nO.Al2O3.ySiO2.wH2Ony w 




Y






][






  -Y][



                                                                                       
2 Faujasite 

Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir




 


 


Mn(NO3)2.6H2O

ARLoba Chimie


Alfa Aesar
German Fluka 

 


SEM 7353(LEO 1455
XRDSheifert 3003 TT 

X-ray Cu K
FTIR IR 
Spectrum 100Perkin Elmer

(AAS)
Perkin Elmer

(HCL) HGA 400 Programmer
 

GC Varian Star 3400 CX
FIDOV-101 CW HP 80/100 2m×1.8 in 


oC

oC
 oCmin oC oC
 

GC-MS Varian 

Star 3400 CXDB 5 MS, 

101 mic, 30 m× 0.25 mm ml/min 

NMR250 MHz)Bruker


CAT.NO.1004 
Universal 



Y)NaY( 

NaY 













pH

 ][

AgY 
NaY
 
AgNO3 


 AgY



AgY 


].[ 

Nano-MnO2/Zeolite AgY   




AgY 








][

2-CEPS 
Nano-MnO2/Zeolite AgY 

   
2-CEPS











GCGC-MS
FTIR



                                                                                       
1 Ion-exchange 

Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir


AgY       

 


Nano-MnO2/Zeolite AgY

  


g/ml






 
 






Nano-MnO2/Zeolite AgY






PNMR
NMR







(AAS) 
























 




Ag+


 

NaY (Si/Al=2-5)NaX (Si/Al=1-1.5)


][





AgY
][

 Nano-MnO2/Zeolite AgY
2-CEPSDMMP



SEM XRD   FTIR 


 (SEM)


SEM


AgY

AgY






XRD

 
NaY

XRDNaY


NaYAgY
NaY

AgY



AgYNano-MnO2/Zeolite AgY 



Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir




 

] [ 

MnO2 AgY 


 

 


SEM  

(a AgY (b , NaY (cNano-MnO2/Zeolite AgY   

  

–


X


FWHM
FTIRNaYNaY
AgY nano-MnO2/Zeolite AgY

H2O
 cm-1][

cm-1O-H  

cm-1O-HH
 cm-1

T-OT=Si,Al cm-1
T-O][
cm-1T-O][

Nano-MnO2/Zeolite AgY 



 cm-1][


AAS


(AAS)







Mn= Ra/Rstd(Cstd/Wa)(Va)(M/F)(D.F) ×100  

Ra
Rstd

Cstd ppmWa
Vaml

g/mol
g/molD.FD.F

 D.F: Vds/Vad  

VdsVad


ppm

















                                                                                       
1 Capsulated 

Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir


AgY       

 

 






XRDNaY 

a(  NaY AgY (b(c  Nano-MnO2/Zeolite AgY  

 
FTIR  NaY

 
 2-CEPS 

Nano-MnO2/Zeolite AgY   
 Nano-MnO2/Zeolite AgY 

˚C±2-CEPSGC 









2-CEPS

ln(a/(a-x))



s-1 s












Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir




 








IR

 (a NaY (b   AgY (cNano-MnO2/Zeolite AgY  

  
  
  

  
  
  

  

  




 


GC 2-CEPS

Nano-MnO2/Zeolite AgY(AB(   C( 
D( E(  








Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir


AgY       

 


lna/(a-x) 

 2-CEPS   

Nano-MnO2/Zeolite AgY  
GC-MS
nano-MnO2/Zeolite AgY





)(m/z=

GCGC-MS
2-CEPS


 

Nano-MnO2/Zeolite AgY







FTIR
 cm-1

cm-1


 cm-1








FTIR












FT-IR 

nano-MnO2/Zeolite AgY  2-CEPS 
(a   (b

Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir




 

 nano-MnO2/Zeolite AgY

 

 
 DMMP

DMMP
Nano MnO2/Zeolite AgY





DMMP    

Nano MnO2/Zeolite AgY 


NaY


 




wt% MnO2 


Nano-MnO2/Zeolite AgY 














[1] Stout, S. C.; Larsen, S. C.; Grassian, V. H. “Adsorption, 

Desorption and Thermal Oxidation of 2-CEES on 

Nanocrystalline Zeolites.”; Micropor. Mesopor. Mater. 
2007,100, 77-86.

[2] Bartram, P. W.; Wagner, G. W. “Decontamination Methods for 

382-537. 

[3] Patterson, H. H. “Development of a Rapid Decontamination 
System for Nerve Agents.”; US. Army Research NC. OMB 

No.0704-0188, 2006.

[4] Wagner, G. W.; Bartram, P. W.; Koper, O.; Klabunde, K. J. 
“Reactions of VX, GD, and HD with Nanosize MgO.”; J. 

Physics. Chem. B. 1999, 103, 3225–3228.

[5] Ma, L. L.; Shen, B .; Zhu, J. H.; Xia, J. R . “Modifying NaY 
Zeolite with Metal Oxide by Microwave Irradiation: Influence 

on the Adsorption and Decomposition of Nitrosamines.”; Chin. 
Chem. Lett. 2000, 11, 649–652.

[6] Ashmore, M. H.; Nathanail, C. P. “A Critical Evaluation of the 

Implications for Risk Based l and Management of the 
Environmental Chemistry of Sulfur Mustard.”; Environ. Int. 
2008, 34, 1192–1203.

[7] Pasard, G. K. “Nanomaterial Based Decontaminates Against 
Chemical Warfare Agents.”; J. Sci. Ind. Res. 2010, 70, 91-104.

[8] Bärlocher, C. H.; Meier, W. M.; Olson D. H. “Atlas of Zeolite 

Framework Types.”; Rev. Ed Elsevier. 2001.

[9] kim, S. O.; Park E.D.; Ko, E.Y. “Zeolite and Sorbent for 
Desulfurization and Method of Preparing the Same.”; US Patent, 

2006, 16,25- 57.

[10] Richter, M “Selective Catalytic Reduction of Nitric Oxide by 

Ammonia over Egg-Shell MnOx/NaY Composite Catalysts.”; J 
Catal 2002, 206, 98–113.

[11] Dapurkar, S. E., Badamali, S. K., Selvam, P. “Metal Oxides in 
the Mesopores of MCM-41 andNanosized MCM-
Catal Today 2001, 68, 63–68.

[12] Bouvy, C. ; Marine, W.; Sporken, R. “Nanosized ZnO Confined 
Inside a FaujasitZeolite Matrix: Characterization and Optical
Properties.”; Colloid Surf 2007, 300, 145–149.

[13] Panpa, W.; Sujarid, W. P.; Jinawath ,S. “Photocatalytic Activity 

of TiO2/ZSM-5 Composites in the Presence of SO4
2_ Ion.”; 

Applied Catalysis B: Environmental 2008, 80, 271–276.  

[14] Escobedo-Morales, A. “Structural and OpticalProperties of NaY 

Zeolite Loaded with ZnO Nanoparticles.”; Encuentro 
International E interdisciplinario En Nanocienciay Y 

Nanotechnologia. Nano Mex10. 2010 

[15] Kanyi, C. W.; Doetschman, D. C.; Schulte, J. T. “Nucleophilic 
Chemistry of X-type Faujasite Zeolites with2-Chloroethyl Ethyl 
Sulfide (CEES), a Simulant of Common  Mustard Gas.”; 

Micropor. Mesopor. Mater.2009, 124, 232–235. 
[16] Wang, B.;  Ma, H. Z. “Synthesis of Nanosized NaY Zeolite by 

Confined Space Methods.”; Chin. Chem. Lett. 2002, 13, 385-

388.

[17] Sameh, M. K.; Marwa, M. I. “Conversion of Methanol on 
CuO/H-MOR and CuO/H-ZSM-
2010, 57, 872-879.

[18] Alberto, C.; Andrew, J. “A NaY Zeolite Synthesized from 
Colombian Industrial Coal by-Products: Potential Catalytic 

Application.”; Catal Today 2012, 8, 1-7.

 

Archive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SIDArchive of SID

www.SID.ir

www.SID.ir
www.SID.ir

