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Significance and Relevance 
It is known that H2O inhibits low temperature NO adsorption on Pd/zeolite as a Passive NOx Adsorber 
(PNA).  This study discovered that supplying NO and H2O at 150°C increased the amount of NO 
adsorbed on Pd/zeolite. The increase in NO adsorption due to H2O was confirmed in multiple zeolite 
structures.  Observation of the adsorbed species by in-situ FT-IR analysis revealed that the NOx 
adsorption state changes depending on the NO concentration. 
 
Introduction and Motivations 
The selective catalytic reduction (SCR) catalysts are effective for lowering NOx emissions from lean-
burn diesel engines above 200 °C. However, with the advancement of engine efficiency, NOx reduction 
at lower temperatures, such as during cold start below 200°C, is strongly required. One of the 
approaches to suppress NOx emissions at low temperatures is the Passive NOx Adsorber (PNA). The 
PNA is positioned upstream of the SCR, adsorbs NOx at low temperatures, and releases NOx within the 
active temperatures of the SCR catalyst. Among various PNA materials, Pd-loaded zeolites are 
considered the most promising candidates due to their high NOx adsorption efficiency and superior 
SOx resistance1. However, challenges remain in preventing the reduction of NOx adsorption capacity 
due to H2O adsorption in the exhaust gas2. Previous studies have reported that the coexistence of CO 
enhances NO adsorption even in the presence of H2O3. In this study, we discovered a unique 
phenomenon that NOx adsorption capacity increases when NO and H2O were simultaneously supplied 
to Pd/zeolite. 
 
Materials and Methods 
The Pd/zeolite used in this study (Pd/zeolite code - Si/Al ratio) was prepared by loading 1 wt% Pd onto 
NH4-type zeolite using the impregnation method, followed by calcination at 600°C for 30 minutes and 
subsequent steam treatment at 750 °C for 8 hours. The NOx adsorption capacity of the Pd/zeolite was 
measured by NOx-TPD (temperature-programmed desorption). The NOx-TPD profile was obtained by 
pre-treating the Pd-zeolite at 600 °C in a 10% O2/Ar flow for 15 minutes, followed by NOx adsorption 
at 150 °C by supplying 1020 ppm NO/10% H2O (if used)/8% O2/Ar for 1 hour. After that, the sample 
was purged with Ar for 1 hour to remove physically adsorbed species, and then the temperature 
increased from 150 to 500 °C at a rate of 5 °C/min under an 8% O2/Ar flow. To observe NOx adsorption 
species, in-situ FT-IR spectra were measured using a JASCO FT/IR-6100. 

 
Results and Discussion 
Figure 1 shows the NOx adsorption capacity when NO was adsorbed on Pd/zeolites with different 
structures. In Pd/BEA-13.6, the NOx adsorption capacity decreased when H₂O was introduced during 
NO adsorption. the in-situ IR results confirmed that no bands attributed to NOx adsorption species 
were formed on Pd/BEA-13.6 when 1020 ppm NO and 10% H₂O were introduced simultaneously. 
These results indicate that Pd/BEA-13.6 exhibits a decrease in NOx adsorption capacity due to H₂O, as 
reported in previous studies4. On the other hand, Pd/CHA-13 exhibited an increase in NOx adsorption 
capacity in the presence of H₂O. This phenomenon has only been reported in a limited number of cases, 
such as in Pd/FER5. Notably, this study revealed that the enhancement of NOx adsorption capacity 
induced by H₂O is observed not only in Pd/CHA-13 but also across various framework structures. 
Furthermore, the increase in NO adsorption due to H₂O did not occur unless NO and H₂O were 
introduced simultaneously to the Pd/zeolite. This suggests that changes in the adsorption state due to 
the presence of both NO and H₂O influence the NOx adsorption capacity. 



 

Figure 2 shows the NOx adsorption capacity and the in-situ FT-IR spectra during NO adsorption when 
varying the NO concentration supplied with H₂O on Pd/CHA-13. In Pd/CHA-13, the NOx adsorption 
capacity increased in the presence of H₂O at any NO concentration.  The NOx adsorption capacity 
varied depending on the concentration of NO adsorbed. The NOx desorption temperature also showed 
different results depending on the concentration of NO adsorbed. The differences in NOx adsorption 
and desorption behavior depending on NO concentration indicate that there are distinct NO 
adsorption states. 
The in-situ FT-IR results for NO adsorption on Pd/CHA-13 showed NO-derived bands in the range of 
1700–1900 cm⁻¹. When H₂O was absent, bands near 1858 cm⁻¹ and 1810 cm⁻¹ were observed, 
attributed to Pd²⁺-NO and Pd⁺-NO, respectively5-7. In the absence of H₂O, there was no change in NOx 
adsorption capacity, and significant changes in adsorption species were not observed. On the other 
hand, when H₂O was present, bands at 1803 cm⁻¹ and 1750 cm⁻¹ were observed, attributed to 
Pd²⁺(NO)(H₂O)ₓ and Pd⁺(NO)(H₂O)ₓ, respectively5-7. At 500 ppm NO, bands at 1862 cm⁻¹ and 1842 cm⁻¹ 
were observed, corresponding to Pd²⁺-NO and [Pd(OH)]⁺-NO, respectively4,7, while at 1020 ppm NO, 
the band at 1803 cm⁻¹ was more dominant. These results suggest that higher NO concentrations allow 
co-adsorption of NO and H₂O on Pd cations, indicating that NOx adsorption and desorption behavior 
varies depending on the adsorption state influenced by NO concentration. 
 

Fig.1 (left) NOx desorption amount per catalyst weight of Pd/zeolites calculated from NOx-TPD 
profiles. NO adsorption conditions: 150°C, 1020 ppm NO, 10% H2O (if used), 8% O2/Ar, 50 mL/min 
(GHSV=20000 h⁻¹) 
Fig.2 (right) (a) NOx desorption amount of Pd/CHA-13. (b)  In-situ FT-IR spectra of NO adsorption 
state after 30 minutes of NO adsorption. Both of NO adsorption conditions: 150°C, 1020 ppm NO, 
10% H2O, 8% O2/Ar, 50 mL/min (GHSV=20000 h⁻¹) 
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