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Abstract : Three way catalyst has been used extensively for the exhaust gas treatment for the internal combustion gasoline
engine. While, numerous research efforts have been directed to develop various technologies for the abatement of exhaust gas
from diesel engine. Diesel engine operating under lean condition produces large amount of NOx and the corresponding catalytic
technology employing vanadium supported titania using ammonia has been commercialized for heavy duty vehicle. Recently, the
Cu catalyst supported on zeolite has been investigated for NOx abatement using ammonia because of its critical importance for
ultra low emission vehicle. The current review shows the recent trend in research and development for zeolite based copper
catalysts, which are mainly used as catalysts for selective catalytic reduction using ammonia, are one of the aftertreatment
technologies for effectively removing nitrogen oxides from diesel exhaust.
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Figure 1. NOx storage and reduction mechanism of NSR catalysts. (a) Storage of NSR catalyst at lean condition, (b) Regeneration of NSR

catalyst at rich condition.
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Figure 2. Effect of cerium loadings on NOx conversion (a) and NOx
conversion over various catalysts Vo 1W¢Ce10Ti, CeioWeTi,
Vo.1Ce10Ti, and CeiTi. Reaction conditions: 500 ppm of
NO, 500 ppm of NH3, 3% O», N; as balance gas, GHSV,
28,000 h™' [30].
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Figure 5. SCR activity of VOx encapsulated in the zeolitic microporous TiO,. Catalytic activity of V/TiO, catalyst calcined at (a) 673
K and (b) 773 K for over NOx reduction using ammonia: (O,®) 1wt%, (V,¥) 3 wt% and (CJ,M) 5 wt%. The long and short
dashed lines also represent the N>O concentration and NOx conversion from conventional V/TiO,, respectively. The open
and solid symbols were corresponded to NOx conversion and N,O formation, respectively. The dashed line was the catalytic
performance of commercial V/TiO,. The reactant consisting of 500 ppm NO, 500 ppm NHs, 2% O, balanced with N, was
flowed through the V/TiO; catalyst bed containing 0.15 g at GHSV = 40,000 h'. The catalytic activity of (c) 5 wt% V/TiO;
catalyst and (d) conventional V/TiO, catalyst calcined at 773 K were measured in the different reaction conditions : (O,®)
dry reaction condition, (V,¥) wet reaction condition and (CJ,M) dry reaction condition with hydrothermal aging at 773 K
for 12 h in the presence of 5% water. In order to achieve the wet condition, the reactant consisting of 500 ppm NO, 500
ppm NHi;, 2% O, and 3% H,O balanced with N, was flowed through the V/TiO; catalyst bed at GHSV = 40,000 h' [41].
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Figure 6. NO conversion to N, over Cu/zeolites (a) fresh catalysts
and (b) after hydrothermal aging (Feed: 350 ppm NO,
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Figure 7. NH;-SCR of NOXx activity using severe reaction conditions
in the presence of water and high space velocity for (A)
Cu-SSZ-39 and Cu-CHA without hydrothermal steaming
treatment and after hydrothermal steaming at 600 or 750
C; and for (B) Cu-SSZ-39(60) partially exchanged (60%)
without hydrothermal steaming treatment and after hydro-
thermal steaming at 750 C [61].
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Figure 8. NO conversion as a function of temperature in NH3-SCR
reaction over (a) fresh, (b) 650 C-, (c) 750 C-, and (d)
850 C-aged Cu-LTA(16) (M), Cu-SSZ-13(16) (@),
Cu-ZSM-5(14) (A), and Cu-PST-7(11) (V) catalysts.
The feed contains 500 ppm of NH3, 500 ppm of NO, 5%
01, 10% H,0 balanced with N; at 100,000 h™" GHSV.
Hydrothermal aging was performed under flowing air
containing 10% H,O at the desired temperature for 24 h.
The values in parentheses of the catalyst identification
are Si/Al ratios [63].
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Figure 9. Effect of Cu ion-exchange level on NO reduction to N.
Reaction condition: 350 ppm NO, 350 ppm NH3, 14% O,
10% H,0, balance N at 200,000 h™' [64].
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Figure 10. Location of copper ions in Cu-SSZ-13: (a) side view and
(b) entire cage [65].
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Table 1. List of typical small pore zeolites

Framework Material names Ring size Channel

type code (# T-atoms) system
AEI SSZ-39 864 3-dimensional
AFX SSZ-16, SAPO-56 864 3-dimensional
CAH SSZ-13, SAPO-34 864 3-dimensional
ERI UZM-12 864 3-dimensional
LEV SSZ-17 864 2-dimensional
LTA Linde A, ZK-4, UZM-9 864 3-dimensional
RTH SSZ-50 8654 | 2-dimensional
SAS SSZ-73 864 1-dimensional
UFI UZM-5, PST-7 864 2-dimensional
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Figure 11. Small pore zeolites synthesized by Zones et al. with the OSDAs used and the large cavities present in those molecular sieves [68].
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Figure 12. Optimized geometry of Cu-TEPA complex. Distances of
three axes: x, 9.22 A ;y, 728 A ;2,349 A ; TEPA:
tetraethylenepentamine [80].
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Figure 13. SEM images of (a) mesoporous SSZ-13, (b) conventional SSZ-13 and (c) TEM image of mesoporous SSZ-13 [82].
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