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Hybrid Cu-SSZ-13 zeolite catalyst are prepared and analyzed for NH3-SCR activity with 
different topologies in the present investigation. Cu-SSZ-13 was synthesized by ion-
exchange method, and hybrid Cu-SSZ-13 was synthesized by wet-impregnation method 
with three different molar ratios between Znx-CNTy as 1:5, 1:10, & 1:15 and maintained as 
1:5 mass ratio between Znx-CNTy/Cu-SSZ-13 hybrid zeolite catalysts. The catalytic 
activity measured at a temperature window of 100˚C to 550˚C concludes hybrid Zn1-
CNT10/Cu-SSZ-13 catalyst exhibits high NH3-SCR performance (100%) at a temperature 
of 180˚C to 475˚C and by anti-sulfur activity, it exhibits 80% NOx at 300˚C for 8hrs in the 
presence of SO2 gas in feed aid that addition of Zn species and CNTs influence Cu-SSZ-
13 in NH3-SCR activity finding them to be a better catalyst for NOx reduction. 
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1. Introduction 
 
NOx emission became stringent to the environment from several and to comply with Euro 

VI emission standards, SCR is the most affluent technology [1]. Several advanced reserachers on 
doping metal oxides and ion exchange with zeolite to better the NH3-SCR [2], [3] have been 
carried out recently. Emphasis on Cu-SSZ-13 zeolite catalysts was made as they exhibit optimized 
and excellent performance characteristics with high hydrothermal stability by replacing the 
commercial catalyst in NH3-SCR catalyst [4], [5] though they suffer SO2 poisoning [6]–[16]. 
Doping proved to be a better  way to overcome this and in particular with the Zn which has the 
best regeneration capacity substantially controlling SO2 poisoning at both lower and higher 
temperature regimes [17]–[20] and also its higher thermal stability providing better NH3-SCR 
performance [1], [21]. 

Fewer recent reports on the deactivation mechanism of Cu-CHA catalyst was made and it 
is identified that as increasing Cu loading in zeolite catalysts, the number of sulfate species 
adsorbed will increases [22]. Hammershoi et al. suggested that there is a superficial relation 
existence between SO2 and Cu species, while catalyst undergoes SO2 exposure [15], [23] copper 
sulfate and ammonia sulfate act as active agents to poisoning the active site during low-
temperature deactivation of NH3-SCR reaction [10]–[15]. This formation of sulfate species is 
mainly due to two process parameters such as reaction temperature and composition of feed gas 
[10]–[12], [24]. More comparatively, H2O forms a stable sulfate species than NH3 presence forms 
ammonium sulfate species to a larger extent. Still, SO3 formation will create a huge amount of 
deposition over support pores with significant deactivation [8], [12]–[20], [22], [25]. During high-
temperature treatment, copper sulfate species possess high thermal stability and decompose at a 
temperature of 550˚C which is irreversible [3], [13]. But at low temperatures, ammonium sulfate 
species are responsible for catalyst deactivation due to fierce adsorption between SO2 and NOx. 

To consice, a hybrid catalyst is identified as the best solution to evade poor low and high 
temperature activites in NH3-SCR activity. The present investigation aims to bring down the NOx 
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by preparing a hybrid catalyst with Cu ion-exchnaged and metal doped with Cu-SSZ-13 zeolite 
catalyst and investigate it’s SO2 endurance and NH3-SCR activity. Influence of CNT doping is also 
explored under the same set of studies and thermo-physical property evaluation are made on the 
catalysts prepared with advanced characterization techniques being involved.  

 
 
2. Catalyst preparation 
 
The sodium form of conventional zeolite Na-SSZ-13 (Si/Al = 20) zeolite was purchased 

from ZR catalyst Pvt Ltd., China. Na-SSZ-13 was converted into Cu-SSZ-13 by treatment of ion 
exchange with 0.5 M of NH4NO3 to form NH4-SSZ-13 at 80˚C followed by 0.04 M of aqueous 
Cu(CH3COO)2 to form Cu-SSZ-13 at 40˚C where cation substitution was taken to exchange NH4 
ion by Cu2+ ions. Zeolite slurry formed was kept in the oven to dry at 110˚C after filtering the 
slurry and followed by washing with deionized water. Finally, samples were calcined at 550˚C for 
5hrs in a muffle furnace and samples are crushed and sieved to have the precursors for the hybrid 
catalyst of Cu-SSZ-13 and high purity (Purity > 98%) multiwall carbon nanotubes with length and 
diameter of 10µm and 10-15nm were purchased from Sigma Aldrich were directly used for 
catalyst preparation without undergoes any further treatment. The hybrid catalyst was prepared by 
the wet-impregnation method and zinc nitrate was used as a precursor for zinc (Zn). 

Further, in wet impregnation, zinc nitrate and multiwall carbon nanotubes were dispersed 
in water and ethanol individually with the aid of ultrasonicator for 1.5h and Cu-SSZ-13 zeolite was 
added to the Sol ultrasonicated for 1h. The evolved solution was agitated (1h) and oven dried at 
120˚C, 2h. Dried powders were calcinated at 500˚C, 5h followed by mechanical milling and 
sieving before proceeding for characterization. The final catalyst was mentioned as Znx-CNTy/Cu-
SSZ-13, where x and y represent a molar ratio of Zn and CNT varied from 1:5 to 1:15 and the 
mass ratio is maintained as 1:5 [1] between catalysts such as Zn-CNT and Cu-SSZ-13. 

 
 
3. Catalyst characterisation 
 
ASAP2020 physical absorbers were used to measure the Brunaner-Emmett-Teller (BET) 

surface area, pore diameter, and pore volume of the catalyst prepared by the wet impregnation 
method following X-ray diffraction analysis using EMPYREAN in the bragg’s angle of 5˚ to 90˚ 
with CuKα (1.54˚A) as majority of the search peas fall under this regime as per ICPDS database. 
SEM-EDS (Carl Zesis EVO-18) morphological studies were made further along with 
identification of chemical states using XPS in support of the XRD results. The ammonia 
temperature-programmed desorption (NH3-TPD) experiment was performed to analyze the 
ammonia storage capacity and acidity levels of the catalyst. Pre test preparation of samples (300 
mg each) include exposing to helium for 1h, 200˚C with a temperature gradient maintained at 
10˚C/min. Thereafter, at a flow rate of 30 mL/min, 10% of NH3 was exposed until the catalyst was 
saturated by adsorption of NH3. The unabsorbed NH3 was removed with N2 at a flow rate of 30 
mL/min by purging the catalysts and results are recorded at 100˚C and 750˚C and SO2-TPD 
experiment was carried out with same procedure of pre-treatment to remove carbon dioxide and 
water vapor and processing were carried out with 0.5% SO2/He at a feed rate of 50 mL/min at a 
ramping rate of 10˚C/min until temperature to reach 750˚C.  

 
 
4. Catalytic activity measurement  
 
300 mg of catalyst were used to perform catalytic activity measurement in a fixed-bed 

stainless steel reactor (10 mm I.D) between the operating ranges of 100 to 550˚C under 30,000h-1 
gas hourly space velocity. Fourier transform infrared spectrometer (VE FT-8000, Vasthi 
Instrument, India) and thermocouple were used to measure NO, N2O, NO2, and NH3 concentration 
and temperature of the catalyst which is placed in the mid-portion of the reactor respectively. Fig.1 
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represents schematic diagram of experimental setup. 500 ppm NO, 500 ppm NH3, 6% O2, 200 ppm 
SO2 (while used), 5% H2O (while used), and remaining N2. To introduce H2O into the feed gas, a 
water bubble was used. The reaction temperature and total flow rate at which activity and model 
gases are introduced as 100 to 550˚C and 500 mL/min. The conversion efficiency of NOx and 
selectivity of N2 for the prepared catalyst were calculated as follows [26], [27]: 

 
NOx conversion efficiency = [NO]Inlet-[NO]Outlet

[NO]Inlet
 𝑋𝑋 100                                 (1) 

 

NH3 conversion efficiency = [𝑁𝑁𝑁𝑁3]𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼− [𝑁𝑁𝑁𝑁3]𝑂𝑂𝑂𝑂𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
[𝑁𝑁𝑁𝑁3]𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

 𝑋𝑋 100                         (2) 

 

 
 

Fig. 1. Represents schematic diagram of experimental setup. 
 
 
5. Results and discussion 
 
5.1. Characterization 
5.1.1 XRD Analysis 
The XRD pattern of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst as shown in Fig.2 

exhibits the diffraction peas at 9.5˚, 14.0˚, 16.1˚, 17.8˚, 20.7˚, 25.0˚, and 30.7˚ of crystalline nature 
attribute to the chabazite SSZ-13 zeolite structure [28]–[30]. As Zn species doping over Cu-SSZ-
13 reduces their respective peak intensities means Zn species are well dispersed on the surface of 
Cu-SSZ-13 zeolite influences the surface area of it. With the introduction of CNT into Zn/Cu-
SSZ-13, the surface area gets increased and CNTs are ascribed at 26.4˚ and 42.5˚ peaks, which 
were absent in Cu-SSZ-13 and Zn/Cu-SSZ-13 zeolite XRD fringes [31]. Also, a reduction in the 
peak intensity is observed with the CNT doping which attributes to the residual stress formation 
evident from the peak broadening. Also, it can be concluded that the Cu-SSZ-13 and hybrid Cu-
SSZ-13 zeolite catalyst exhibits better crystalline structure without any impurities due to doping of 
Zn species and CNTs over Cu-SSZ-13 based on the XRD results.  
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Fig. 2. XRD pattern of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst. 
 
 
5.1.2 BET Analysis 
BET analysis ascribed the surface area of the catalyst with pore volume and pore size. 

Table 1 exhibits the physical characteristics of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst. 
From Table 1, it is inferred by the addition of CNTs over Zn/Cu-SSZ-13 zeolite catalyst, the 
surface area gets increased from 345 m2/g to 500.0681 m2/g. However, the addition of Zn species 
over Cu-SSZ-13 zeolite catalyst decreases surface area from 389 m2/g to 345m2/g due to the high 
dispersion of Zn species over the surface of Cu-SSZ-13 zeolite catalyst, blocking micropores to a 
small extent. In actuality, H-SSZ-13 has a higher surface area of 656 m2/g for Si/Al ratio of 4.97 
[32] and, by the addition of Cu species by ion exchange process, the surface area was reduced to 
389 m2/g attributed to the Cu species exchange as cationic with H-SSZ-13 zeolite, blocking few 
pores stimulated by the higher dispersion on the zeolite surface. The effect of dispersion of Cu, Zn, 
& CNTs in Cu-SSZ-13 &Znx-CNTy/Cu-SSZ-13 was discussed in catalytic activity.  

 
 

Table 1. Physical properties of hybrid zeolite catalyst. 
 

S.No Catalyst BET Surface Area(m2/g) Pore Volume 
(cm3/g) 

Pore Size (Å) 

1 Cu-SSZ-13 389 0.140353 49.084 
2 Zn-Cu-SSZ-13 345 0.11563 49.516 
3 Zn1-CNT5/Cu-SSZ-13 362.6523 0.124307 49.277 
4 Zn1-CNT10/Cu-SSZ-13 428.2102 0.149365 48.693 
5 Zn1-CNT15/Cu-SSZ-13 500.0681 0.180423 48.229 

 
 
5.1.3 SEM Analysis 
The microscopic structure of Cu-SSZ-13 & hybrid Cu-SSZ-13 zeolite catalyst was shown 

in Fig.3 in which (a) exhibits the uniform dispersion of Cu species, (b) shows the dispersion of Cu, 
& Zn, and (c) – (e) shows the dispersion of Cu, Zn, & CNTs in hybrid Znx-CNTy/Cu-SSZ-13 
catalyst. The dispersion and elemental composition was further confined by the EDS spectral of 
CNTs, Cu, & Zn species Fig.4 and Table 2. Further, it is evident from fig.2, that all the species are 
homogenously dispersed over the surface of zeolite catalyst and Zn & CNTs species support Cu 
species in catalytic activity to increase the performance of SCR activity at a wide temperature 
region. 
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Fig. 3. SEM images of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst. 
 
 

 
 

Fig. 4. EDS spectrum of Znx-CNTy/Cu-SSZ-13. 
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Table 2. Elemental composition of catalyst. 
 

Catalyst Cu (Wt. %) Zn (Wt. %) CNT (Wt. %) 
Cu-SSZ-13 3.05 - - 
Zn/Cu-SSZ-13 1.93 4.16 - 
Zn1-CNT5/Cu-SSZ-13 1.61 1.77 5.15 
Zn1-CNT10/Cu-SSZ-13 2.95 2.37 2.74 
Zn1-CNT15/Cu-SSZ-13 1.91 2.46 2.69 

 
 
5.1.4 XPS Analysis 
The copper species of zeolite catalyst was characterized by XPS to define its nature and 

catalyst composition shown in fig.5. The XPS spectrum of Cu-SSZ-13 and hybrid Cu-SSZ-13 
catalysts shown in fig.5 (a) & (b) respectively has two peak intensities corresponding to Cu2+ and 
Cu+ in terms of Cu2p3/2 and Cu2p1/2, with binding energies of 932.5 eV and 952.3 eV for Cu2p3/2 
and Cu2p1/2 of Cu+ species and 933.7 eV and 953.6 eV for Cu2p3/2 and Cu2p1/2 of Cu2+ species, 
respectively [32]. These species of copper Cu2+ and Cu+ help the NH3-SCR activity to take place. 
By the Zn and CNTs doping on Cu-SSZ-13, the zeolite intensity gets reduced and slightly shifted 
towards higher binding energy (approximately 0.2 eV), and a broadening effect was evident. Even 
though, Cu2+ species of copper were well-coordinated within the structure of zeolites the 
broadened peak states to increase in chemisorbed oxygen aid in an increase in NH3-SCR activity. 

 

     
 

Fig. 5. XPS spectrum of Cu-SSZ-13 and hybrid Cu-SSZ-13 catalysts. 
 
 
5.1.5 NH3-TPD 
Temperature programmed desorption was carried out to examine the desorption, surface 

reaction, and adsorption of the catalyst by evaluating the active sites on the surfaces of the catalyst. 
NH3-TPD was carried out to examine the active sites of the catalyst surface and their strength [27]. 
The profiles of NH3-TPD for Cu-SSZ-13, Zn/Cu-SSZ-13, and Zn-CNT/Cu-SSZ-13 are shown in 
fig.6. According to the profile of Cu-SSZ-13, low-temperature peak profiles under 186˚C, 161˚C, 
and 167˚C represent adsorption of NH3 species on a weaker side indicating physisorbed NH3 i.e. 
weaker Lewis acid site [33]–[35] and relates with hydroxyl groups on the surface of catalyst [36]. 
Temperature peak of middle range in profile leads to copper ion incorporation in CHA structure 
[37]. As the amount of copper ion changes with the loading of copper over CHA structure and 
higher peak profile represents BrØnsted acid site over 500˚C attributes adsorption of NH3 species.  

Due to the addition of Zn in Cu-SSZ-13, the temperature peak at 524˚C is attributed to the 
adsorption of NH3 species, representing a strong BrØnsted acid site specifying a higher capacity of 
NH3 adsorption. Increasing weak acid sites by the addition of CNT increases the BET surface area 
providing ample hydroxyl groups and surface sites for performance of NH3-SCR by adsorption of 
NH3. Even though Cu-SSZ-13 and Zn/Cu-SSZ-13 has similar NH3 adsorption and surface area at 



1319 
 
lower temperature region (167˚C & 245˚C). Zn-CNT/ Cu-SSZ-13 exhibits a more stable structure 
than Zn/Cu-SSZ-13 and Cu-SSZ-13 for adsorption of NH3 at weak sites, with middle-range 
incorporated with copper ions for peak adsorption at 381˚C and peak at 552˚C, represents a 
stronger acid site in BrØnsted acid site. It shall be inferred that physisorbed and chemisorbed NH3  
represent desorption at temperature peaks of low and high respectively [38]. The position and area 
of the desorption peak represent acid strength and amount. From the temperature profile, peaks at 
low temperature implies strong acid strength, and high temperature implies acid amount, favorable 
for the oxidation of NH3 over Zn-CNT/Cu-SSZ-13, besides increased strong acid site and strength 
[39]. 

 

 
 

Fig. 6. NH3-TPD profile of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst. 
 
 
5.1.6 SO2-TPD 
The catalyst ability for SO2 adsorption was conducted by SO2-TPD shown in fig.7. The 

peaks at 126˚C and 146˚C represent physisorbed SO2 [33] whereas higher temperature peaks 
attribute to copper sulfate decomposition at various sites [14], [22] High intense temperature peaks 
corresponding to copper sulfate decomposition are observed indicating the formation of copper 
sulfate by SO2. At 752˚C, a strong peak was identified which indicates copper sulfate 
decomposition [14], [40], and another high-temperature peak i.e. 832˚C was observed in Zn & Zn-
CNT based Cu-SSZ-13 hybrid catalyst indicating ZnSO4 species decomposition [41] and SO2-TPD 
profile indicates the decomposition of ZnSO4& CuSO4. Rather, the hybrid catalyst has a high 
tendency to decompose ZnSO4 than CuSO4 at a high temperature due to the strongest signal 
toward Zn-CNT hybrid catalyst. 

 

 
 

Fig. 7. SO2-TPD profile of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst. 
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5.1.7 H2-TPR 
The effect of copper species reducibility was observed by H2-TPR profile shown in fig.8. 

Indicated by the literature, reduction peaks attribute to the reduction of three varieties of copper 
species namely α, β, & ν. Cu2+ as α, CuO as β, and Cu2+ as ν are in the structure of CHA & D6R at 
low temperature (~200˚C), middle and high temperature (above 400˚C) respectively [37], [42]. 
Cu-SSZ-13 exhibits peaks at 224˚C & 295˚C implying 8-MR Cu+ ion by reduction of aggregates 
of CuOx and also peak at 390˚C representing 6-MR Cu+ by Cu2+ reduction [4], [5] whereas, the 
peak at 564˚C represents Cu˚ by reduction of Cu+ [43]. The addition of Zn in Cu-SSZ-13 tends to 
the decreased H2 consumption at 217˚C, which further increases at 370˚C due to the increased 
concentration of Zn leading to Cu2+ migration from 8MR to 6MR. The hybrid catalyst Zn-CNT has 
three reduction peaks 603˚C, 450˚C and 210˚C leads to Zn-CNT, Zn & surface oxygen species 
reductions respectively [1], [2], [4], [5], [7], [15]. So, Zn-CNT & Cu-SSZ-13 exhibits strong 
interaction for reduction of surface copper species.  

 

 
 

Fig. 8. H2-TPR profile of Cu-SSZ-13 and hybrid Cu-SSZ-13 zeolite catalyst. 
 
 
5.2 Catalytic activity 
5.2.1 NH3-SCR activity 
Catalytic activity of Cu-SSZ-13 zeolite catalyst and its hybrid zeolite catalyst 

experimented in NH3-SCR under gas hourly space velocity of (GHSV) 30,000h-1. Fig.9 shows 
NOx conversion efficiency of various zeolite hybrid catalyst over Cu-SSZ-13 zeolite catalyst at a 
reaction condition of 500 ppm NO, 500 ppm NH3, 6% O2, & N2 balance with GHSV of 30,000 h-1. 
Results indicate that, by the addition of Zn over Cu-SSZ-13 zeolite catalyst, the NOx conversion 
efficiency slightly gets reduced and upon the addition of CNTs over Zn/Cu-SSZ-13, NOx 
conversion efficiency increases. In the case of the hybrid Cu-SSZ-13 catalyst, Zn1-CNT10/Cu-SSZ-
13 & Zn1-CNT15/Cu-SSZ-13 exhibits similar performance rate in lower temperature under which 
at higher temperature region Zn1-CNT15/Cu-SSZ-13, NOx conversion gets reduced influenced by 
the amount of reduction of Cu species and Zn1-CNT10/Cu-SSZ-13 exhibits better NOx conversion 
efficiency at the high-temperature window comparatively. The maximum NOx conversion i.e. 
100% achieved by each catalyst as follows: Zn1-CNT10/Cu-SSZ-13 (180˚C - 475˚C) > Zn1-
CNT15/Cu-SSZ-13 (170˚C - 440˚C) > Zn1-CNT5/Cu-SSZ-13 (240˚C - 475˚C) > Cu-SSZ-13 (245˚C 
- 375˚C) > Zn/Cu-SSZ-13 (250˚C - 380˚C). Comparatively, Zn1-CNT15/Cu-SSZ-13 also achieves 
its maximum NOx conversion at 170˚C but exists for a while at higher temperature regime, NOx 
conversion reduced at 440˚C which comparatively lesser applicable towards higher temperature 
application, whereas Zn1-CNT10/Cu-SSZ-13 has maximum NOx conversion at 180˚C and NOx 
conversion reduced at almost 475˚C but still it maintains NOx conversion higher than 95% at 
550˚C, so Zn1-CNT10/Cu-SSZ-13 exhibits better NOx conversion efficiency at both low and higher 
temperature window best suitable for practical applications due to increased reaction space and 
time between exhaust emission gas and the catalyst.  
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Fig. 9. NOx conversion of hybrid zeolite catalyst over Cu-SSZ-13 zeolite catalyst (Reaction condition  
500 ppm NO, 500 ppm NH3, 6% O2, & N2 balance, GHSV: 30,000h-1). 

 
 
Fig.10 shows NH3 conversion of hybrid catalyst over Cu-SSZ-13 catalyst under similar 

conditions. Results indicate that the variation of NH3 conversion efficiency can be achieved at 
higher rates only at low temperature window and at high temperature window, NH3 conversion 
was not much influenced by hybrid catalyst i.e. all the catalyst has same NH3 conversion with 
slight variation region, though the Zn1-CNT10/ Cu-SSZ-13 has higher rate of NH3 conversion over 
typical temperature region. From fig.10 it is implied that the addition of CNTs and Zn species over 
Cu-SSZ-13 zeolite catalyst doesn’t influence in higher rates. 

 

 
 

Fig. 10. NH3 removal efficiency (Reaction condition 500 ppm NO, 500 ppm NH3, 6% O2, &  
N2 balance, GHSV: 30,000h-1). 

 
 
5.2.2. Anti-sulfur activity & hydrothermal stability 
Sulfur poisoning and hydrothermal stability plays a vital role in reducing the application of 

NH3-SCR. In order to reduce it, catalytic activity against SO2 & H2O water vapor in feed gas was 
measured for NOx conversion. Fig.11 exhibits NOx conversion of hybrid catalyst over Cu-SSZ-13 
zeolite catalyst with 200 ppm SO2 & 5% H2O water vapor in feed gas at 300˚C. Anti-sulfur activity 
& hydrothermal stability was measured for NOx conversion on time-dependent at the same 
temperature range as almost all catalyst exhibits its maximum NOx conversion without SO2 & H2O 
at 300˚C. NOx conversion measurement was carried out for 8hrs at 300˚C and the results explain 
that the NOx conversion efficiency was reduced while SO2 & H2O in feed was ON. Among 
catalyst Cu-SSZ-13 exhibits least NOx conversion of 67%. With the addition of Zn species in Cu-
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SSZ-13, NOx conversion efficiency was increased to 72% because Zn species will attribute to the 
regeneration ability of active sites of Cu2+& Cu+ at 175˚C [44]. So, as active sites of Zn-Cu-SSZ-
13 are generating gradually, NOx conversion was achieved by Zn1-CNT10/Cu-SSZ-13, due to 
impact of CNTs. Because CNTs increases surface area which regenerates more number of active 
sites. The NOx conversion efficiency of catalyst as follows: Zn1-CNT10/Cu-SSZ-13 (80%) > Zn1-
CNT5/Cu-SSZ-13 (77%) > Zn1-CNT15/Cu-SSZ-13 (75%) > Zn/Cu-SSZ-13 (72%) > Cu-SSZ-13 
(67%). Once SO2 & H2O gas feed was stopped, all the catalyst restores to their original NOx 
conversion efficiency with a slight reduction due to the after-effects of SO2 gas & H2O water vapor 
over the surface of active sites and this deactivation is manily due to elimination of pores, zeolite 
dealumination and metal sintering [45]. The hybrid zeolite catalyst Zn1-CNT10/Cu-SSZ-13 exhibits 
80% of NOx conversion in the presence of SO2 & H2O in feed gas higher then all catalyst, implies 
better catalyst towards practical application. It defines the regeneration propertery of Zn species, 
influences the NOx conversion efficiency by regenerating active species and decomposing ZnSO4 , 
CuSO4 , and resistance towards H2O. 

 
 

 
 

Fig. 11. NOx conversion of hybrid catalyst over Cu-SSZ-133 catalyst against SO2 & H2O in feed gas 
(Reaction condition 500ppm NO, 500ppm NH3, 6% O2, 200ppm SO2 (while used), 5% H2O (while 

used), and balance N2). 
 
 
5.3. Discussion 
Cu-SSZ-13 chabizte structure zeolite catalyst was prepared by ion exchange method and 

hybrid Cu-SSZ-13 zeolite catalyst was prepared by wet impregnation method. From BET analysis, 
it is identified that the surface area of Cu-SSZ-13 was reduced by doping of Zn species but 
catalytic activity was not negatively influenced shown in Fig.9. With the addition of CNTs over 
Zn/Cu-SSZ-13 zeolite to various molar ratio in between Znx-CNTy as 1:5, 1:10, & 1:15, the 
amount of CNTs dispersed on Zn/Cu-SSZ-13 was clearly evident in both EDS & XRD. From 
Fig.4, it is known that CNTs, & Zn species are well dispersed over Cu-SSZ-13 catalyst and from 
Fig.2 shows that presence of CNTs by intensities of the peaks (2Ɵ) around 26.4˚& 42.5˚, which 
influences on surface area enhancement. As increase in CNTs, BET surface area increased as 
shown in Table 1. Even though surface area of Zn1-CNT15/Cu-SSZ-13 has high BET surface area 
catalytic activity was not affected for Zn1-CNT10/Cu-SSZ-13, indicating surface area reduction due 
to Zn species doping will not affect the catalytic activity. From Fig.5, Cu2+& Cu+ active sites are 
found over 933.7 eV &953.6 eV, and 932.5 eV, & 952.3 eV respectively which acts as active sites 
for the catalytic activity. Doping of Zn & CNTs increases the intensities of Cu2+ and Cu+ peaks get 
reduced further compensated by the increase in the surface area and Zn species which regenerates 
active sites at 175˚C itself. So, these phenomenal change enhances the performance of NH3-SCR. 
Figures 6, 7, & 8, indicate that hybrid catalyst Znx-CNTy/Cu-SSZ-13 has the strongest acidity and 
redox activity i.e. provides more active sites for Cu2+ and Cu+ with low oxidation of Cu species aid 
in activity enhancement of NH3-SCR. 
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6. Conclusion 
 
Cu-SSZ-13 zeolite catalyst and a series of hybrid Cu-SSZ-13 zeolite catalysts with the 

different molar ratios of Znx: CNTy as 1:5, 1:10, & 1:15 with the mass ratio of 1:5 between Znx: 
CNTy/Cu-SSZ-13 was successfully synthesized by ion-exchange and wet-impregnation method. 
From the characterization of Cu-SSZ-13 catalyst and hybrid Cu-SSZ-13 catalyst by BET, XRD 
XPS, NH3-TPD, SO2-TPD, & H2-TPR it shall be concluded that both Zn & CNTs species were 
well dispersed over Cu-SSZ-13 species which CNTs increases the surface area of the catalyst and 
Zn regenerates active sites of Cu2+& Cu+ and concluded with the low oxidation state of Cu species 
enhancing the activity of NH3-SCR.  

Catalytic activity examination results conclude that the hybrid Zn1-CNT10/Cu-SSZ-13 
zeolite catalyst exhibits maximum NOx conversion i.e. 100% at 180˚C- 475˚C finding them 
suitable for both low and high-temperature application and anti-sulfur NOx conversion achieved to 
80% at 300˚C when 200 ppm of SO2 gas was feed and it restores its initial condition with slight 
reduction once SO2 gas in feed was OFF. 
 

 
Abbreviations 

 
BET  Brunauer-Emmett-Teller TPD Temperature Programmed Desorption 
GHSV Gas Hourly Space Velocity TPR Temperature Programmed reduction 
NH3-
SCR 

Ammonia Selective Catalytic 
Reduction 

XRD X-ray Diffraction 

SEM Scanning Electron Microscope XPS  X-ray Photoelectron Spectroscopy 
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