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A study of NOx performance for Cu-chabazite SCR catalysts by Sulfur poisoning and
desulfation
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Abstract:  Small-pore Cu-chabazite SCR catalysts with high NOx conversion at low temperatures are of inter-
est for marine diesel engines with exhaust temperatures in the range of 150 to 300°C. Unfortunately, fuels for
marine diesel engines can contain a high level of sulfur of up to 1.5% by volume, which corresponds to a
SO, level of 500 ppm in the exhaust gases for an engine operating with an A/F ratio of 50:1. This high lev-
el of SO, in the exhaust may have detrimental effects on the NOx performance of the Cu-chabazite SCR
catalysts. In the present study, a bench-flow reactor is used to investigate the effects of sulfur poisoning on
the NOx performance of Cu-chabazite SCR catalysts. The SCR catalysts were exposed to simulated diesel ex-
haust gas stream consisted of 500 ppm SO,, 5% CO,, 14% O, 5% H,O with N, as the balance gas at 150,
200, 250 and 300C for 2 hours at a GHSV of 30,000 h™. After sulfur poisoning the low-temperature NOXx
performance of the SCR catalyst is evaluated over a temperature range of 150-300°C to determine the extent
of the catalyst deactivation. Desulfation is also carried out at 600 and 700°C for 30 minutes to determine
whether it is possible to recover the NOx performance of the sulfur-poisoned SCR Catalysts.
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Table 1: Input values for catalyst

Space velocity @STP(hr?) 30,000
Catalyst length (in.) 3
Catalyst diameter (in.) 0.875
Correction factor for catalyst 06
wall volume )
Experiment temperature (K) 673
Experiment pressure (psig) 25

Table 2: Input values for reference environment

Tref (K) B) 9 3
Pt (psia) 14.7
= | urnace " NOx Analyzer
! Stcnm T B, e .-
e —
< | \.T\_
I “rr }qiﬂﬁh
Cylinders - L] |
] Exhaust Gag
Waork Station
A : Each Cylinders (Oz Nz, NO, €Oz 5Oz etc) B : MFC (Mass Flow Contraller)

€ ; Steam Generator (€1 : Peristaltic Water Pump, €2 : Water Tank)

D : Furnace - SCR Reaction [d1 : Quartz Mixing Beads, gz : Catalyst Sample)

E : NOx Analyzer (Horiba, Mexa 7500)  F : Ventilater G : Work Station

Ta, Tz : Temperature Sensors P, P2 : Pressure Sensors NOX : NOx Sensor(ppm)

Figure 1: Schematic diagram of experimental measur-
ing apparatus

O =
E} Figure 2 (a) @A%< Wx|2
A]éE‘ﬂ(\Nork station, Mass flow controller, MEXA
7500 NOx analyzer, Steam generator, =vjj7}g-&
Furnace, 2t 7}~ A& Cylinder )= Ho5=aL
o™, Figure 2 (b)E= SEALE 913 H~EE
EXE Figure 2 (0= =8 A7]¢} SCR vl &
}OﬂA] 7171 93 = (Furnace)E& R o5 Qtf T
t Figure 2 (d)= SCR Zull7} F&d = U5
Eﬂ—rﬂ o™, Figure 2 (e)= °l] 23S nhzl

SCR v MEES HoFa 9t

il

22 &g

IZI9_

g™

856



(d) Furnace with installed Cu-Chabazite sample

(e) Tested Cu-Chabazite samples
Figure 2: Photographs of test equipments
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Table 3: Gas condition of each test

Gas mixing condition
H,O 5%, O, 14%,

N, Balance

H.O 5%, O, 14%,
CO; 5%, NO 350ppm,
NHz 350ppm ,

N, Balance

H,O 5%, O, 14%,
CO, 5%, NO 175ppm,
NO, 175 ppm,

NHs 350ppm,

N, Balance

4. Sulfur poisoning H,O 5%, O, 14%,

(at 150, 200, 250, | CO, 5%, SO, 500ppm,

1. Degreening
(at 600°C for 4Hrs)

2. Standard evaluate
(at each temp.)

3. Fast evaluate
(at each temp.)

300°C for 2Hrs) N, Balance

5. Desulfat

(at 50, 700°C H:0 5%, O, 14%,
’ . CO, 5%, N, Balance
for 30min.)
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4NH; + 4NO + O, — 4N; + 6H,0 @
Fast condition ;

2NH; + NO + NO,; — 2N; + 3H,0 2
Undesired NOx SCR reactions ;

4NH; + 40, — 2N,0 + 6H,0

2NH; + 2NO, — N,O + N, + 3H,0 3)

4NH3; + 4NO + 30; — 4N,0 + 6H,0
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Figure 3: Comparison of standard and fast evaluate
for fresh Cu-CHA
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Figure 4: Standard evaluate after twice sulfur poi-
soning(at 150C) of fresh Cu-CHA
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Figure 6: Standard evaluate after sulfur poisoning(at
400°C) of fresh Cu-CHA and desulfate(at 600C)
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Fast evaluate after sulfur poisoning of fresh
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Figure 8: Fast evaluate after sulfur poisoning(at 40
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