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a b s t r a c t

Si coordination structures have been proven to greatly influence the ammonia-selective catalytic reduc-

tion (NH3-SCR) catalytic properties and the hydrothermal stability of Cu-based silicoaluminophosphate-

form catalysts. However, the role of various Si coordination structures in the NH3-SCR reaction over Cu-

SAPO-34 catalyst remains unknown. Herein, a batch of Cu-SAPO-34 samples with various Si contents was

synthesized via a one-pot method to study the role of Si coordination structures in the NH3-SCR catalytic

properties and hydrothermal stability. Cu/34–2 with the highest proportion of Si(xOAl) (x = 1~3) struc-

tures exhibits remarkable durability with 90% NO reduction efficiency within 200~450 °C even after a

hydrothermal aging treatment at 850 °C. In contrast, Cu/34–1 and Cu/34–4 with the highest proportions

of Si(4OAl) and Si(0OAl) structures, respectively, are significantly deactivated by the same hydrothermal

treatment. To better understand this phenomenon, the relationship between the Si coordination struc-

tures and SCR performance is established using characterization techniques and kinetics measurements.

Results reveal that a high content of Si(4OAl) and Si(0OAl) is detrimental to the hydrothermal stability of

Cu-SAPO-34 catalyst. However, Si(xOAl) (x = 1~3) structures are conducive to the stabilization of isolated

Cu2+, thus enhancing the stability to severe hydrothermal treatment.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Nitric oxide (NOx) from fossil fuel combustion poses a great

threat to human health, particularly in developing countries.

Among them, NOx emissions from diesel vehicle exhaust share

a large portion of the overall NOx pollution [1,2]. Copper-based

chabazite (CHA) zeolites (including SSZ-13 and SAPO-34) have

been comprehensively investigated as ammonia-selective catalytic

reduction (NH3-SCR) catalysts for NOx elimination in diesel engine

vehicles due to their remarkable performance over a broad oper-

ating temperature window, high N2 selectivity, superior hydrother-

mal stability and excellent hydrocarbon resistance [3,4]. Cu-SAPO-

34 is one of the most attractive SCR catalysts because of its supe-

rior NH3-SCR activity and hydrothermal stability, while being inex-

pensive [5]. In particular, Epling et al. [6] reported that Cu-SAPO-

34 is more robust than the Cu-SSZ-13 catalyst when undergoing

the same hydrothermal treatment. Besides, the morphology of the

catalyst plays an important role in the catalytic activity [7-11]. Our

previous work [12] also prepared a submicron Cu-SAPO-34 catalyst

with excellent NH3-SCR activity and hydrothermal stability (90%
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NO conversion within 225–550 °C after hydrothermal treatment at

800 °C) by a one-pot method.

Currently, research on Cu-SAPO-34 for NH3-SCR applications is

mainly focused on the following three topics: improvements in its

catalytic activity and hydrothermal stability, studies on the distri-

bution and evolution of Cu species, and the roles of acidity and

function of different acid sites during the NH3-SCR reaction [13-

17]. However, all the above important factors for the Cu-SAPO-34

catalyst are ultimately affected by the Si coordination structures

in SAPO-34 zeolite. In general, the various Si coordination struc-

tures in SAPO-34 have distinct acid properties. Thus, the Si dis-

tribution can determine the acid strength and content in SAPO-

34, resulting in a distinct Cu distribution and affecting the cat-

alytic activity and hydrothermal stability of Cu-SAPO-34. Further-

more, the different acid sites have distinct functions in the NH3-

SCR reaction [17]. Therefore, it can be deduced that the variety of

Si coordination structures have distinct roles in the NH3-SCR re-

action. Many studies [18-21] agree that the presence of numer-

ous Si islands (Si(0OAl)) in the Cu-SAPO-n zeolite is detrimental

to the NH3-SCR reaction. Si islands cannot generate acid sites be-

cause these islands cannot provide an acid center for the reaction.

In addition, Si islands without acid sites do not work efficiently
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Fig. 1. Solid-state 29Si MAS NMR of Cu-SAPO-34 catalysts with different Si content.

in stabilizing the extraframework Cu2+ ions [21]. Nevertheless, the

roles of the other Si coordination structures in the NH3-SCR reac-

tion are still unclear. Hence, it is very interesting to investigate the

role of distinct Si coordination structures in the SCR performance

of Cu-SAPO-34 catalyst because the Si coordination structures may

contribute to the synthesis of a highly efficient and robust metal

modified zeolite catalyst. In this study, four Cu-SAPO-34 catalysts

with different contents of Si(xOAl) (x = 0–4) coordination struc-

tures are synthesized by tuning the Si content in the starting gels

to explore the role of Si coordination structures in the NH3-SCR

reaction. The synthesis procedure of Cu-SAPO-34 with different Si

contents and experimental methods are provided in the Supporting

information in detail.

The chemical compositions of Cu/34–1~Cu/34–4 are listed in Ta-

ble S1 (Supporting information). The [Si/(Al + P)] ratios of these

four samples analyzed by X-ray fluorescence (XRF) are 0.144, 0.210,

0.260 and 0.333. This result indicates that the Si content in SAPO-

34 can be tuned by the addition of Si in synthetic gels. The Cu

loadings in Cu-34–1~Cu-34–4 are equivalent to 4.1%, as measured

by inductively coupled plasma-atomic emission spectrometry (ICP-

AES). The scanning electron microscopy (SEM) images (Figs. S1 and

S2 in supporting information) clearly show typical cubic crystals

of these Cu-SAPO-34 samples with crystal sizes distributed in the

0.5~1.0 μm range. After hydrothermal aging, the crystalline struc-

ture of each sample has a different degree of damage. Among

them, the cubical morphology of Cu/34–2-A800 and Cu/34–2-A850

maintains the best. The 29Si magic angle spinning nuclear mag-

netic resonance (29Si MAS NMR) spectra of the Cu-SAPO-34 cat-

alysts in Fig. 1 present multiple characteristic peaks at −90.5,

−94.3, −99.5, −105.3 and −110.1 ppm, which are attributed to the

Q0 (Si(4OAl)), Q1 (Si(3OAl)), Q2 (Si(2OAl)), Q3 (Si(1OAl)) and Q4

(Si(0OAl)) coordination structures, respectively [22]. Table S2 (Sup-

porting information) presents the relative contents of different Si

coordination structures in the Cu-SAPO-34 samples based on Gaus-

sian deconvolution of the 29Si NMR spectra. Clearly, the Si dis-

tribution is vitally influenced by the Si content in the Cu-SAPO-

34 catalysts. The relative contents of the Si(4OAl) structure (iso-

lated Si) in Cu/34–1~Cu/34–4 are 63.2%, 36.1%, 34.5% and 31.9%,

respectively, and this value decreases with an increasing Si con-

tent, as shown in Fig. S3a (Supporting information). The relative

contents of Si(0OAl) structure (Si islands) in Cu/34–1~Cu/34–4 are

6.8%, 13.7%, 17.3% and 23.9%, respectively, which increases with Si

content raising, as shown in Fig S3b (Supporting information). The

relative content of Si(xOAl) (x = 1~3) structures in Cu/34–1~Cu/34–

4 is 30.0%, 50.2%, 48.2% and 44.2%, respectively, first showing an

increase and then decreasing with an increasing Si content before

reaching a maximum in Cu/34–2, as shown in Fig. S3c (Support-

ing information). On the basis of the above results, the Si content

and coordination structures in SAPO-34 can be regulated by the

addition of the silicon source in the initial synthesis gels. The XRD

patterns of these fresh Cu-SAPO-34 samples are shown in Fig. S4

(Supporting information), and each sample reveals the typical CHA

structure without impurities [12,23]. Weak peaks related to CuO

phases (2θ = 35.5° and 38.6°, marked with a ♥) are also observed

over the fresh samples, which is probably due to the relatively high

Cu loadings. The intensity of the CuO peaks decreases as the Si

content increases, and the CuO species can hardly be detected in

Cu/34–4. A possible explanation is that the SAPO-34 zeolite with a

higher Si content can provide more exchange sites for Cu loading

to form isolated Cu2+ ions. Upon hydrothermal treatment at 800

°C for 12 h, the relative crystallinity of each sample evidently de-

creases while maintaining the typical CHA structure, as shown in

Fig. S4b. Among them, the intensity of CHA peaks over Cu/34–2-

A800 is the highest, indicating that it is the most stable during hy-

drothermal treatment. Furthermore, the intensity of the CuO peaks

is weakened for all catalysts aged at 800 °C due to the redistri-

bution of CuO. When a harsher hydrothermal treatment (aging at

850 °C for 12 h) is performed over the as-prepared catalysts, the

transformation of the CHA zeolite into the tridymite dense phase

(2θ = 21.5°, marked with a ♣) is detected over all samples, indicat-

ing the desilication of Cu-SAPO-34 when aging at 850 °C [24,25].

Comparatively speaking, Cu/34–2 has the lowest observed desili-

cation, suggesting that it is more stable toward severe conditions

than the other catalysts, as described in Fig. S4c.

Ammonia-temperature programmed desorption (NH3-TPD)

measurements were carried out to quantify the acidity of these

as-prepared catalysts, as shown in Fig. 2. All these samples contain

three NH3 desorption peaks, named A, B and C, which are at-

tributed to NH3 desorption from weak, moderate and strong acid

sites, respectively [12,26,27]. The quantitative acidity results are is

listed in Table S3 (Supporting information). The total acid contents

of Cu/34–1~Cu/34–4 are 0.484, 0.664, 0.724 and 0.867 mmol/g,

respectively, showing an increase with an increasing Si content, as

shown in Table S3 (Supporting information). This result is in line

with the variation trend of the total content of Si(xOAl) (x = 1~4)

structures in the Cu-SAPO-34 catalysts. This result is because most

of the acid sites originate from protons, which compensate for the

unbalanced electric charges coming from the incorporation of Si

into the neutral framework of the AlPO zeolites [28-30]. Fig. S5a

(Supporting information) shows a linear relationship between the

acid content and the [Si/(Al + P)] ratio in the fresh Cu-SAPO-34

catalysts. Note that the acid strength of the prepared Cu-SAPO-34

catalysts ranks in the order of Cu/34–2 ≈ Cu/34–3 > Cu/34–4 >

Cu/34–1. Considering that the relative acid strength of the dis-

tinct Si coordination structures presents the following sequence:

Si(1OAl) > Si(2OAl) > Si(3OAl) > Si(4OAl) > Si(0OAl) [28], the

higher content of Si(xOAl) (x = 1~3) structures results in the

stronger acidity of the Cu-SAPO-34 catalyst. After the hydrother-

mal aging treatment at 800 °C, most of the acid sites are retained

in the Cu-SAPO-34 catalysts, and the acid content decreases by

38%, 23%, 36% and 31% for Cu/34–1~Cu/34–4, respectively. When

the hydrothermal aging temperature is further increased to 850 °C,
the acid content of these catalysts (Cu/34–1~Cu/34–4) decreases

by 64%, 49%, 64% and 78%, respectively, indicating that most of

the acid sites disappear under harsher conditions. Note that the

acid contents of catalysts aged at 850 °C present peak curves

with an increasing [Si/(Al + P)] ratio and reach a maximum with

Cu/34–2-A850, as shown in Fig. S5c (Supporting information).

The samples rank in the order of Cu/34–2-A850 > Cu/34–3-A850

> Cu/34–4-A850 > Cu/34–1-A850. From the NH3-TPD results,

it is reasonable to conclude that the Cu-SAPO-34 catalysts can

withstand the hydrothermal treatment at 800 °C for 12 h, but they

lose most of their acid sites during aging at 850 °C. Among them,
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Fig. 2. NH3-TPD over fresh and hydrothermal aged Cu-SAPO-34 samples: (a) Fresh catalysts, (b) catalysts after hydrothermal aged at 800 °C for 12 h, (c) catalysts after

hydrothermal aged at 850 °C for 12 h.

Fig. 3. H2-TPR patterns of the fresh and hydrothermal aged Cu-SAPO-34 catalysts: (a) Fresh catalysts, (b) catalysts after hydrothermal aged at 800 °C for 12 h, (c) catalysts

after hydrothermal aged at 850 °C for 12 h.

Cu/34–2 exhibits the best hydrothermal stability and maintains

the highest number of acid sites, whether treated at 800 °C or 850

°C.
H2-TPR measurements over fresh and aged Cu-SAPO-34 cata-

lysts were performed to explore the effect of Si coordination struc-

tures on the Cu distribution, as shown in Fig. 3. The patterns of all

the fresh and aged catalysts can be deconvoluted into five peaks

(Peaks A~E) by the Gaussian method. Peaks A (~210 °C) and B

(~260 °C) are attributed to the reduction of isolated Cu2+ ions lo-

cated at different sites (in the CHA cage and D6Rs, respectively).

Peak C (~300 °C) is related to the reduction of CuO to Cu0. Peaks D

(~530 °C) and E (~980 °C) are assigned to the reduction of Cu+ ions

to Cu0 [12,31-33]. Specifically, a new peak D’ (~740 °C) is observed

for the catalysts aged at 850 °C, corresponding to the reduction of

CuAlOx nanoparticles to Cu0 due to the dealumination of the ze-

olite framework [34,35]. The H2-TPR curves of the fresh catalysts

are similar, indicating a comparable Cu distribution. Moreover, iso-

lated Cu2+ is the predominant Cu species in the fresh catalysts. The

content of Cu+ ions (peak D) in Cu/34–1 is higher than that in the

other fresh catalysts.

Regarding the catalysts after the hydrothermal treatment at 800

°C for 12 h, the H2-TPR curves have no large changes compared

with those of the fresh catalysts except for the weakening of peak

C, which is related to CuO. This result agrees well with the XRD

results. This phenomenon can be attributed to the redistribution

of CuO during hydrothermal treatment. According to Fig. 3b, the

amount of isolated Cu2+ ions in the aged catalysts ranks in the

following order: Cu/34–2-A800 > Cu/34–3-A800 > Cu/34–4-A800

> Cu/34–1-A800. When more severe aging conditions (850 °C and

12 h) are adopted, the amount of isolated Cu2+ ions (Peaks A

and B) decreases, while the amount of CuO (Peak C) and Cu+

ions (Peak D) increases. Additionally, the number of Cu2+ ions lo-

cated in the CHA cage (Peak A) increases. More importantly, a new

peak representative of CuAlOx nanoparticles centered at approxi-

mately 740 °C appears. At high temperatures and under moist con-

ditions, the zeolite framework is unstable and can be damaged, as

proven by the appearance of the tridymite dense phase observed

in the XRD results of the aged catalysts in Fig. S4c. The desilica-

tion and dealumination of the SAPO-34 support lead to the forma-

tion of a dense tridymite phase and extra-framework aluminum

species, respectively. Thereafter, the interaction of isolated Cu2+

ions and extraframework aluminum species results in the gener-

ation of CuAlOx species [35]. The increased amount of CuO, Cu+

and CuAlOx species leads to the decrease in the number of iso-

lated Cu2+ ions. After hydrothermal treatment at 850 °C for 12 h,

the amount of the isolated Cu2+ ions in these aged catalysts ranks

in the following order: Cu/34–2-A850 > Cu/34–3-A850 > Cu/34–

1-A850 > Cu/34–4-A850, as shown in Fig. 3c. This result suggests

that the isolated Cu2+ ions in Cu/34–1 and Cu/34–4 are not as sta-

ble as those in Cu/34–2 and Cu/34–3 during a severe aging treat-

ment. This observation can be attributed that Cu/34–2 and Cu/34–

3 containing more strong acid sites generated by Si(xOAl) (x = 1~3)

structures, which have a better stabilization effect on Cu2+ ions

[21,36].

To study the effect of Si coordination structures on the SCR cat-

alytic activity and hydrothermal stability of Cu-SAPO-34, the NO

conversions of fresh and aged Cu-SAPO-34 catalysts with distinct Si

contents were measured. Fig. 4a shows the NO conversions of the

fresh Cu-SAPO-34 catalysts within 175–575 °C, and all these cat-

alysts exhibit excellent activity with a 90% NO conversion within

200–550 °C. Furthermore, the NO conversion increases with an in-

creasing Si content over the whole temperature range. This result

indicates that the NO conversions are related to the acidity of the

fresh catalysts. Moreover, more acid sites can provide more ex-

change sites for Cu loading. Hence, the amount of isolated Cu2+

ions, which are the active sites for the NH3-SCR reaction, increases
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Fig. 4. Catalytic activity for the SCR of NO reaction of Cu-SAPO-34 catalysts: (a) fresh catalysts; (b) catalysts after hydrothermal aged at 800 °C for 12 h; (c) catalysts after

hydrothermal aged at 850 °C for 12 h.

with an increasing Si content as verified by H2-TPR. Based on the

above results, the relationships among the Si content, Si coordina-

tion structures, acidity, Cu distribution and catalytic activity over

the fresh Cu-SAPO-34 catalysts can be summarized as follows. (1)

A higher Si content results in more Si(xOAl) (x = 1~4) structures

in the SAPO-34 support, which can generate strong acid sites by

proton charge compensation. Therefore, higher Si content leads to

more acid sites. (2) The acid sites can act as exchange sites for Cu

loading. Hence, more acid sites result in a higher content of iso-

lated Cu2+ ions in the Cu-SAPO-34 catalysts. 3) As is well known,

the acidic site and isolated Cu2+ ions act synergistically as reac-

tion sites in the NH3-SCR reaction [17,37-39]. Therefore, a higher Si

content leads to better NO conversion over fresh Cu-SAPO-34 cata-

lysts. This result agrees well with studies reported by Shen et al. in

which the SCR low-temperature activity is related to the acid site

density [40].

After the hydrothermal treatment at 800 °C for 12 h, the dis-

crepancies in the NO conversion among these catalysts become

more apparent, as shown in Fig. 4b. The NO conversions of the

aged catalysts above 400 °C and below 200 °C decrease in the or-

der of Cu/34–2-A800 > Cu/34–3-A800 > Cu/34–4-A800 > Cu/34–

1-A800. The NO conversions within 200–400 °C rank in the order

of Cu/34–2-A800 > Cu/34–1-A800 > Cu/34–3-A800 > Cu/34–4-

A800. After the more severe hydrothermal treatment at 850 °C for

12 h, the catalytic activities of all catalysts evidently decrease, as

shown in Fig. 4c. However, Cu/34–2-A850 still maintains excellent

activity with 90% NO conversion within 200~450 °C, indicating its

remarkable hydrothermal stability. The NO conversions of the aged

catalysts over the whole temperature range rank in the order of

Cu/34–2-A850 > Cu/34–3-A850 > Cu/34–1-A850 > Cu/34–4-A850.

Specifically, the NO conversion over Cu/34–1-A850~Cu/34–4-A850

at 175 °C is 41%, 84%, 51% and 22%, respectively. At 400 °C, the
NO conversion over Cu/34–1-A850~Cu/34–4-A850 is 91%, 90%, 83%

and 57%, respectively. This result indicates that the hydrothermal

stability of Cu-SAPO-34 is significantly influenced by the Si con-

tent. Based on the XRD, 29Si NMR, NH3-TPD, H2-TPR and catalytic

activity results, the relationship between the Si coordination struc-

tures and the hydrothermal stability of Cu-SAPO-34 catalysts can

be summarized as follows. (1) After the hydrothermal treatments

at 800 °C and 850 °C, the sharply decreased number of acid sites

and isolated Cu2+ ions in Cu/34–1 lead to a decline in catalytic

activity. This result indicates that Cu-SAPO-34 with a low Si con-

tent and predominant Si(4OAl) structure shows poor hydrothermal

stability. (2) On the other hand, the catalytic activity, acidity and

content of Cu2+ ions in Cu/34–4-A800 and Cu/34–4-A850 also de-

crease significantly, suggesting that Si islands (Si(0OAl)) are also

not stable during a severe hydrothermal treatment. Because Si is-

lands cannot produce acid sites, they are not capable of providing

anchored sites for protecting the extraframework Cu2+ ions in the

Cu-SAPO-34 catalyst during hydrothermal treatment. Furthermore,

the relative crystallinity of Cu/34–4 drops sharply after hydrother-

mal treatment. Although the content of Si(xOAl) (x = 1~3) struc-

tures in Cu/34–4 is only 6% lower than that in Cu/34–2, the activ-

ity of Cu/34–4-A850 is the worst among the aged catalysts. This

result is probably due to Cu/34–4 having the highest content of

Si islands (23.9%). These Si islands are unstable and vulnerable to

desiliconization during hydrothermal treatment, leading to the col-

lapse of the zeolite framework. (3) Cu/34–2 is the most hydrother-

mally stable among the catalysts. After the hydrothermal treatment

at 850 °C, the variation trend of NO conversion is basically consis-

tent with the variation in the content of acidity, isolated Cu2+ ions

and Si(xOAl) (x = 1~3) structures in the catalysts. This result in-

dicates that the Si(xOAl) (x = 1~3) structures play an important

role in the acidity, Cu distribution and hydrothermal stability of

the Cu-SAPO-34 catalyst. This finding can be attributed to the fol-

lowing reasons: the distinct Si coordination structures exhibit dif-

ferent acid strengths as follows: Si(0OAl) < Si(4OAl) < Si(3OAl) <

Si(2OAl) < Si(1OAl). A higher content of Si(xOAl) (x = 1~3) struc-

tures can produce more strong acid sites in the SAPO-34 zeolite.

Our previous work has proven that the strong acid sites produced

by Si(xOAl) (x = 1~3) structures are conducive to the stabilization

of isolated Cu2+ ions in Cu-SAPO-18 catalysts during hydrother-

mal treatment [21]. Furthermore, Valange et al. [46] also verified

that Cu species could be better stabilized in ZSM-5 zeolite with

strong acidity. Hence, it is reasonable to conclude that Si(xOAl)

(x = 1~3) structures are also conducive to the improvement in the

hydrothermal stability of Cu-SAPO-34 catalyst. This is also demon-

strated not only by the catalytic activity of aged catalysts but also

by the changes of the acid content and active isolated Cu2+ ions

in the catalysts. To evaluate the stability of the Cu/34–2 catalyst,

the NO conversions over Cu/34–2 at 400 °C are tested during 16 h,

as shown in Fig. S6 (Supporting information). The NO conversion

maintains above 98% even after 16 h reaction. It shows the excel-

lent stability of Cu/34–2, which is consistent with the excellent hy-

drothermal stability after 850 °C hydrothermal aging treatment.

To further study the effect of the Si coordination structures

on the SCR reaction mechanism, NH3-SCR kinetics analysis was

performed over the Cu-SAPO-34 catalysts at low temperatures.

The NH3-SCR reaction rates over the Cu-SAPO-34 catalysts within

100~200 °C were calculated by Eq. S2 (Supporting information),

where the NO conversion is less than 20%. Arrhenius plots of

the SCR reaction rate over the Cu-SAPO-34 catalysts with dif-

ferent [Si/(Al + P)] ratios and Si coordination structures are

shown in Fig. S7 (Supporting information). The apparent activa-

tion energy (Ea) of these Cu-SAPO-34 catalysts for the NH3-SCR

reaction is 38.4 ± 1.2 kJ/mol, which is close to the Ea value

(37.49 ± 2.5 kJ/mol) measured by Shen et al. [28]. The similar Ea
values of these Cu-SAPO-34 catalysts suggest that the Si content
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and Si coordination structures do not influence the NH3-SCR re-

action mechanism. There are two explanations to be considered.

(1) The Si content and Si coordination structures mainly affect the

acid content and strength of SAPO-34 [19,21], and the acidity can

influence NH3 storage and the relative amount of Cu2+ and CuO

species. (2) Previous works have proven that the content of acid

sites and Cu2+ ions does not change the NH3-SCR reaction mecha-

nism [40,41].

In summary, four Cu-SAPO-34 catalysts with different Si distri-

butions are synthesized via a one-pot method to study the role of

Si coordination structures in the catalytic properties of Cu-SAPO-

34 catalysts. An ultrastable Cu-SAPO-34 catalyst with a suitable

Si content ([Si/Al + P] = 0.210) and a high content of Si(xOAl)

(x = 1~3) structures (50.2%) is obtained, showing 90% NO conver-

sion within 200~450 °C even after hydrothermal treatment at 850

°C. The structure-performance relationships among the Si coordi-

nation structures, acidity, Cu distribution and SCR performance are

established by obtaining the XRD, NMR, NH3-TPD and H2-TPR re-

sults, which can be summarized as follows. (1) The Si coordina-

tion environment in Cu-SAPO-34 can be adjusted by the addition

of a Si precursor. When more Si precursors are added to the ini-

tial gels, more Si islands (Si(0OAl)) and less isolated Si (Si(4OAl))

are generated in Cu-SAPO-34. (2) Compared with weak acid sites,

strong acid sites are more conducive to the stability of isolated

Cu2+ ions. (3) High content of isolated Si (Si(4OAl)) and Si is-

lands (Si(0OAl)) are not good for the hydrothermal stability of the

Cu-SAPO-34 catalyst. However, the strong acid sites generated by

Si(xOAl) (x = 1~3) structures are conducive to the stabilization of

isolated Cu2+ ions, thus enhancing the hydrothermal stability of

the Cu-SAPO-34 catalyst. This work provides new insight into the

effect of Si coordination structures on the performance of transi-

tion metal modified zeolite catalysts, which will be beneficial for

the design and synthesis of high-performance and robust catalysts.
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