Catalysis Letters (2023) 153:3433-3441
https://doi.org/10.1007/510562-022-04245-3

®

Check for
updates

Facile Fabrication of Hierarchical SAPO-34 in Bifunctional Catalyst
for Direct Conversion of Syngas into Light Olefins

Xiaona Wei' - Long Yuan' - Wenshuang Li' - Shitong Chen' - Zhigiang Liu" - Shimin Cheng’ - Li Li' - Chuang Wang'

Received: 10 October 2022 / Accepted: 9 December 2022 / Published online: 17 December 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Direct synthesis of light olefins from syngas (STO) using bifunctional catalyst composed of oxide and zeolite has attracted
extensive attention in both academia and industry. In this study, we present a facile post-treatment approach to obtain
hierarchical SAPO-34 by treating the crystallized product in mother liquor at low temperature. The physical and chemical
properties of the resulting molecular sieves were characterized by XRD, SEM, TEM, N, adsorption—desorption, XRF and
NH;-TPD. The obtained hierarchical SAPO-34 were mixed with ZnCrAlOx oxide to prepare the bifunctional catalyst, and
the catalytic performance for direct conversion of syngas to light olefins was examined. Compared with the bifunctional
catalyst obtained from the SAPO-34 molecular sieves without post-treatment, the bifunctional catalyst with hierarchical
SAPO-34 obtained by mother liquor post-treatment showed enhanced performance with higher selectivity of light olefins.
Importantly, the bifunctional catalyst with hierarchical SAPO-34 has a good catalytic stability with no obvious deactivation
over 100 h of testing. The enhanced catalytic performance of the bifunctional catalyst with hierarchical SAPO-34 could be
attributed to the hierarchical structure of SAPO-34 that can increase the rate of mass transfer to avoid further hydrogenation
and conversion of olefin products on the catalyst, thus could improve the selectivity of C,—C, olefins.
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1 Introduction

Light olefins (C,—C,7) are one of the most important basic
chemicals, which are widely used in the fabrication of
plastics, drugs, solvents, coatings and other commodities
[1, 2]. At present, light olefins are mainly produced via
the thermal cracking of naphtha and fluid catalytic crack-
ing (FCC) [3, 4]. With the increasing demand for basic
chemicals and the reduction of oil reserves, alternative
routes has been developed to meet the growing demand
for hydrocarbon fuels and chemicals, and to reduce the
heavy dependence on oil resources [5]. In this context, the
conversion of carbon-based resources such as coal, natu-
ral gas, biomass and even industrial waste into fuels and
chemicals has aroused new research interests. In practical
applications, these carbonaceous feed-stocks are usually
converted into syngas (a mixture of H, and CO) and then
into final hydrocarbon products [5-9]. As an important
part of C1 chemistry, the selective conversion of syngas to
light olefins is attractive but also challenging in both aca-
demic and industrial fields. Currently, indirect and direct
methods are used to prepare light olefins from syngas.
The indirect method has been successfully commercial-
ized, i.e., first convert syngas to methanol, and then to
olefins through methanol to olefin technology (known as
MTO) [10]. However, the route of direct conversion of
syngas to light olefins should be more cost-effective and
energy-efficient because it reduces operating units and,
therefore, this route also has attracted extensive attention.
In this method, modified Fischer Tropsch synthesis (FTS)
catalysts are used, which have been extensively studied
for decades. Although remarkable progress has been made
in the synthesis of FTS catalysts and in the fundamental
understanding of the reaction mechanism of directly con-
verting syngas into light olefins through FTS, it is still
difficult to make a major breakthrough in the selectivity
of light olefins in the reaction product.

In 2016, Jiao et al. reported a concept of oxide-zeolite
(OX-ZEO), using a bifunctional catalyst with partially
reduced ZnCrOx and mesoporous SAPO-34 molecu-
lar sieves. The light olefins selectivity up to 80% can be
achieved over the bifunctional catalyst, which was far
beyond the Anderson-Schulz-Flory (ASF) limit [11].
Then, a series of other oxide-zeolite (OX-ZEQ) bifunc-
tional catalysts yielding a high selectivity of light ole-
fins were reported, including ZnO-ZrO,&SAPO-34,
MnOx&SAPO-34, ZnO&SAPO-34, Zr-In,0;&SAPO-34,
Cr-Zn&SAPO-34, ZnAlOx&SAPO-34,
Zn,Ce, Zr 04&SAPO-34, MnGa&SAPO-34,
Zn-Cr@SAPO-34, Zn-ZrO0,&SSZ-13, ZnCrOx&MOR,
ZnCrOx&low Si content AIPO-18 and so on [8, 12-24].
SAPO-34 is the most widely used catalyst for MTO
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reaction and is also a component of bifunctional catalyst
for converting syngas to light olefins due to its shape selec-
tivity and the match of its pore sizes with those of light
olefin molecules [10, 25, 26]. The acidity is an important
factor affecting the catalytic performance of SAPO-34
molecular sieves. Molecular sieves with strong acidity
are conducive to hydrogen transfer, which may affect the
selectivity of reaction products. Besides acidity tuning, the
diffusion efficiency is another critical factor that affects the
catalytic performance of SAPO-34 in catalytic reaction.
Hierarchical SAPO-34 can shorten the residence time of
olefin products in the crystals and inhibit the secondary
reaction of hydrogen transfer of olefin products, which
helps to improve the selectivity of light olefins [27-31].
Post treatment is a common approach to prepare hierarchi-
cal SAPO-34 [32-34]. However, the synthesis of hierarchi-
cal SAPO-34 in previous studies usually includes the fol-
lowing steps [32-35]: (1) parent SAPO-34 was synthesized
by crystallization, washing, drying and calcination; (2)
appropriate post-treatment agent was selected to treat par-
ent SAPO-34 through different methods; (3) the as-treated
SAPO-34 was then separated by filtration and followed by
washing and drying. The overall process of post-treatment
is cumbersome and limits its wide application.

In this work, we present a method to obtain hierarchi-
cal SAPO-34 by a facile post-treatment in mother liquor at
low temperature. The obtained hierarchical SAPO-34 were
mixed with ZnCrAlOx oxide to prepare the bifunctional
catalyst, the catalytic performance of which for the direct
conversion of syngas to light olefins was studied. Compared
with the bifunctional catalyst obtained from parent SAPO-
34 molecular sieves without post-treatment, the bifunctional
catalyst with hierarchical SAPO-34 obtained by mother lig-
uor post-treatment shows better performance. The post-treat-
ment method provides a facial approach for the synthesis
of hierarchical SAPO-34 molecular sieves. It also shows a
certain reference value for the preparation of other types of
hierarchical molecular sieves by the post-treatment method.

2 Experimental Section
2.1 Catalyst Preparation
2.1.1 Fabrication of Hierarchical SAPO-34

Hierarchical SAPO-34 molecular sieves were synthesized
with triethylamine as the template under hydrothermal
conditions for crystallization in the Teflon-lined stain-
less steel autoclave. After cooled to room temperature
by cold water, the autoclaves were directly transferred to
a rotating oven to enable the crystallized products to be
post-treated in mother liquor for different time at 40°C.
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The molar composition of the starting gels was as fol-
lows: Si0,:Al,05:H;PO,:TEA:H,0=0.2:1.0:2.0:3.0:50.
In a typical synthesis, firstly, 10.12 g pseudoboehmite and
51.7 g water were mixed evenly, then 16.14 g orthophos-
phoric acid, 2.75 g silica sol and 20.25 g triethylamine
were then added slowly under vigorous stirring. The
resulting mixture was continuously stirred at room tem-
perature for 2 h. Finally, the resulting mixture was sealed
in a 150 mL Teflon-lined stainless steel autoclave. The
crystallization was carried out at 200 °C under autogenic
pressure for 38 h. After this crystallization process, the
autoclaves were taken out from the rotating oven, cooled
to room temperature by water, and then put back into the
rotary oven at 40 °C for different time. Afterwards, the
obtained product was separated by centrifugation, washed
with deionized water and dried at 100 °C overnight.
Finally, the dried samples were calcined at 550 °C for 6 h
to remove the organic template in the muffle furnace. The
as-prepared samples were named as SP34-X with X des-
ignating the rotation time (X =20, 40, 80 and 120 min).
As a comparison, parent SAPO-34 molecular sieves with
traditional microporous structure were prepared as fol-
lows: the autoclave was taken from the rotary oven imme-
diately after crystallization and cooled by cold water. The
resulting materials were then collected from the autoclave.
Other experimental conditions were the same as the treat-
ment process of hierarchical SAPO-34, and the sample
was named as SP34-0. The prepared SP34-X (X =0, 20,
40, 80 and 120 min) were pressed, crushed and sieved to
granules of 40-60 mesh.

2.1.2 Preparation of ZnCrAlO,,

ZnCrAlOx was prepared by co-precipitation method.
The specific process is as follows: Zinc source, Chro-
mium source and aluminum source are Zn(NO;),-6H,0,
Cr(NO;);29H,0 and AI(NO;);-9H,0, respectively.
13.47 g Zn(NO;),-6H,0, 12.03 g Cr(NO;);-9H,0, 11.33 g
Al(NO;)5-9H,0 were dissolved in 150 mL distilled water
to form a mixed salt solution. (NH,),CO5 aqueous solution
was used as the precipitant. Both solutions were simulta-
neously added drop by drop to a beaker containing 20 mL
deionized water under continuous stirring at 70 °C. By
adjusting the addition rate of alkaline solution, the pH
value of aqueous solution was maintained at 7.0-8.0. After
stirring for 3 h at 70 °C, the precipitate was separated
by filtration, washed with deionized water and dried at
60 °C overnight. Finally, the dried samples were calcined
at 550 °C for 1 h with a ramping rate of 2 °C /min in the
muffle furnace. The obtained ternary oxides were denoted
as ZCA. The prepared ZCA was pressed, crushed and
sieved to granules of 40-60 mesh.

2.1.3 Preparation of Bifunctional Catalyst

The prepared SAPO-34 molecular sieves (40—60 mesh) were
mixed with ZCA metal oxides (40-60 mesh), the mass ratio
of metal oxides to molecular sieves is 2:1, and the bifunc-
tional catalyst was named ZCA/SP34-X (X=0, 20, 40, 80 and
120 min).

2.2 Catalytic Reaction Tests

Catalytic reaction was performed on a high-pressure fixed-bed
stainless steel reactor. Typically, 1 mL of bifunctional catalyst
(40-60 mesh) was loaded in a reactor (inner diameter, 8 mm).
Prior to the reaction, the catalyst was first reduced for 4 h at
300 °C in H, (30 mL- min™") at 2 MPa. Syngas with a Hy/CO
ratio of 2:1 containing 5% Ar was introduced into the reactor.
Argon in the syngas was used as the internal standard for the
calculation of CO conversion. The reaction temperature is 350,
365, 375 and 400 °C. The reaction pressure is 0.5 MPa, 1.0,
1.5 and 2.0 MPa. Gas hourly space velocity (GHSV) is 3000,
4000, 5000 and 6000 h~".

Products were analyzed by an online GC (Agilent 7890B),
which was equipped with a thermal conductivity detector
(TCD) and a flame ionization detector (FID). Hydrocarbons
were analyzed using a capillary column (HP-PLOT Al,O5)
with a flame ionization detector (FID). A packed column
(TDX-1) connected to a thermal conductivity detector (TCD)
was used to analyze H,» CO. CH,. CO, and so on. The
conversion of CO, selectivity of CO, and the selectivity of
hydrocarbon (C H,) excluding CO, were calculated as follows:

CO conversion was calculated on a carbon atom basis, i.€.

COHCO = [(COm - COout)/COin] * 100%

where CO;, and CO
outlet, respectively.
CO, selectivity (S.,) was calculated according to:

i TEpresent moles of CO at the inlet and
SCO2 = COZout/(COin_CoouZ)

where CO,,,, denotes moles of CO, at the outlet.
The selectivity of hydrocarbon C,H, (S¢,p,) Was obtained
according to:

SCpHq = n(CpHg, out)/(z n(CpHg, out)) * 100%

p
(i=1)

3 Results and Discussion

3.1 Fabrication of the Hierarchical SAPO-34

Scheme 1 shows schematic illustration of synthetic proce-
dure for the fabrication of hierarchical SAPO-34. Firstly,
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Scheme 1 Schematic illustration of synthetic procedure for the fabri-
cation of hierarchical SAPO-34

the crystallization was completed under hydrothermal
conditions at 200 °C. After this crystallization process, a
facile and simple post-treatment method was applied to
obtain macropores by treating the crystallized product in a
facile solution system, mother liquor. Finally, the resulting
materials were collected and calcined to remove the organic
template in the muffle furnace to obtain the hierarchical
SAPO-34.

3.2 XRD analysis of Molecular Sieves

Figure 1 shows the XRD patterns of all samples. In the
figure, the diffraction peaks of the synthesized SAPO-34
molecular sieves are consistent with those reported in the
literature [36, 37]. The occurrence of weak peaks at 16.9°,
19.6° and 21.3° indicates that the synthesized samples have
AEI structure in addition to the standard CHA structure of
SAPO-34, which indicates that the synthesized samples are
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Fig.1 The XRD profiles of the as-synthesized SP34-X molecular
sieves (X=0, 20, 40, 80 and 120 min)
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intergrowth structure with the CHA/AETI structures. Com-
pared with SP34-0 obtained without mother liquor post-
treatment, the characteristic peak of SP34-X molecular
sieves (X=20, 40, 80 and 120 min) after post-treatment did
not change significantly, indicating that the crystal struc-
ture of SP34-X molecular sieves was largely preserved dur-
ing the mother liquor post-treatment under our experiment
condition.

3.3 SEM and TEM Analysis of the Molecular Sieves

Figure 2 shows the scanning electron microscopy (SEM)
images of SP34-X (X=0, 20, 40, 80 and 120 min). All of
the samples show a typical cubic morphology. The crys-
tal size is uniform, and the particle size is approximately
2-3 um. In contrast to the SP34-0 with smooth crystal sur-
face, it can be clearly observed that the surfaces of SP34-
X (X=20, 40, 80 and 120 min) become rougher with the
extension of post-treatment time. After 20 min of mother
liquor post-treatment, butterfly-shape macropore structure
can be observed on the crystal surface. With the extension
of mother liquor post-treatment time, the etching of crystal

2 um

SP34-40

SP34-120

v

2 um

Fig.2 The SEM images of SP34-X (X=0, 20, 40, 80 and 120 min)
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surface become more and more notable and butterfly-shape
macropore structure become more and more obvious. When
the post-treatment time was increased to 120 min, hourglass-
shaped macroporous structure could be observed on some
crystals. Some crystals even partially dissolved and became
fragments due to the long-time mother liquor etching. The
TEM images of SP34-X (X=0, 20, 40, 80 and 120 min) are
shown in Fig. 3. The macropores inside the crystals struc-
ture could be clearly observed for samples SP34-X (X =20,
40, 80 and 120 min) and become more significant with the
extension of mother liquor post-treatment time, which is
consistent with the results of SEM.

3.4 Nitrogen Adsorption-Desorption Analysis
of Molecular Sieves

Figure 4 and Figure S1 illustrate the N, adsorption—des-
orption isotherms of all samples. Due to the existence of
micropores, the adsorption isotherms of all samples have
steep uptakes near P/PO=0. Different from SP34-0 sam-
ple, the adsorption quantity of SAPO-34 molecular sieves
obtained by mother liquor post-treatment increases sharply

SP34-20

Fig.3 The TEM images of SP34-X (X=0, 20, 40, 80 and 120 min)
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Fig.4 The N, adsorption—desorption isotherms of SP34-0 and SP34-
40

under the high pressure of P/P0> 0.8, indicating the exist-
ence of macropores besides mesopores [37, 38]. The spe-
cific surface area and pore volume of all samples are shown
in Table 1. The mesopore volumes of SP34-X (X=0, 20
and 40 min) with the extension of mother liquor post-treat-
ment time gradually increased. With the further increase
of mother liquor post-treatment time, mesopore volumes of
SP34-X (X=80 and 120 min) begin to decrease. However, it
should be noted that mesopore volumes of SP34-X (X =20,
40, 80 and 120 min) are higher than that of SP34-0, which
results from the introduced secondary porosity.

3.5 XRF Analysis of Molecular Sieves

The chemical composition of the calcined SP34-X (X=0, 20,
40, 80 and 120 min) molecular sieves is given in Table 1.
SP34-X (X=20, 40, 80 and 120 min) molecular sieves show
the comparable framework compositions with SP34-0. The
results demonstrate that the mother liquor treatment is
non-selective towards a particular framework cation. Thus,
the unbiased chemical dissolution generates a hierarchical
material with a composition similar to the parent’s mate-
rial, which is also observed in the results of other studies
[39, 40].

3.6 NH;-TPD Analysis of Molecular Sieves

The acidity of SP34-X (X=0, 20, 40, 80 and 120 min)
molecular sieves were examined by NH;-TPD measure-
ments. As shown in Fig. 5, all the samples exhibit two obvi-
ous NH; desorption peaks. The NH; desorption peaks at
188-194 °C and 409—419 °C correspond to the weak acid
sites and the strong acid sites, respectively [41, 42]. Com-
pared with the SP34-0, the ammonia desorption profiles of
SP34-X (X=20, 40, 80 and 120 min) move slightly to the
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Tal(jl? 1 The tlixtural prf)tpertiefs Samples BET surface area ~ Mesopore volume Micropore volume ~ Molar composition
and framework composition o (m%g) (em¥/g) (cm’/g)
the samples
SP34-0 775 0.02 0.28 Sij 056AL 504P0.44002
SP34-20 770 0.05 0.28 Sij 054AL) 503P0 44305
SP34-40 774 0.07 0.28 Sij 054AL) 505P0.44105
SP34-80 775 0.05 0.28 Sij 056AL 506P0.43802
SP34-120 746 0.04 0.27 Sij 050AL) 503P0.43502
20
90 F M cH, Mllzc,” Hllyc, Hllic;” Ellico,
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Fig.5 The NH;-TPD profiles of SP34-X (X=0, 20, 40, 80 and
120 min)

low temperature direction, indicating that the post-treatment
with mother liquor did not sharply change the acidity of
SP34-X (X =20, 40, 80 and 120 min) molecular sieves,
which is attributed to the indiscriminate extraction of frame-
work atoms and largely preserved crystallinity.

3.7 Catalytic Performance

Under different reaction conditions, the performance for
direct conversion of syngas to light olefins with bifunctional
catalyst ZCA/SP34-X (X=0, 20, 40, 80 and 120 min) was
investigated, as shown in the Fig. 6 and Figure S2. It could
be seen from the evaluation results, the bifunctional catalysts
prepared by hierarchical SAPO-34 after mother liquor post-
treatment showed better performance with higher selectiv-
ity of light olefins than the bifunctional catalysts prepared
by SP34-0 without mother liquor post-treatment. Among
bifunctional catalysts, the catalyst ZCA/SP34-40 showed
the best performance with the lowest methane selectivity
of about 2%, the highest light olefin selectivity of 85%.The
enhanced catalytic performance of ZCA/SP34-40 is ascribed
to the introduction of moderate secondary pores. The intro-
duction of hierarchical structure can shorten the length of
micropores and increase the rate of mass transfer, thus facili-
tating the diffusion of intermediates between the ZnCrAlOx
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Selectivity (%)
CO conversion

Fig.6 Catalytic performance (hydrocarbon selectivity is CO, free) of
ZCA/SP34-X (X=0, 20, 40, 80 and 120 min) catalyst. Reaction con-
ditions: T=350 °C, P=1.0 MPa, GHSV =6000 h™!, H//CO=2 and
weight ratio of metal oxide to SAPO-34=2:1.

catalyst and SAPO-34 or along the SAPO-34 micropores,
which can avoid further hydrogenation and conversion of
olefin products on the catalyst, thus can improve the selectiv-
ity of C,-C, olefins.

Among all the catalysts, ZCA/SP34-40 showed the best
catalytic performance. Therefore, we further optimized the
process parameters based on ZCA/SP34-40 catalyst, includ-
ing reaction temperatures, pressures and gas hourly space
velocity (GHSV).

The effect of reaction temperature on catalytic perfor-
mance is shown in Fig. 7. Both the CO conversion and C,_,~
selectivity first increased and then decreased slightly with
the increase of reaction temperature. When the temperature
was increased from 350 °C to 375 °C, the CO conversion
increased gradually from 13 to 16%. In addition, when the
temperature rose from 350 °C to 365 °C, the selectivity
of light olefins was slightly improved. When the tempera-
ture continued to rise to 375 °C, the selectivity decreased
slightly, while the CO conversion still increased. However,
CO conversion and the selectivity of light olefins decreased
significantly when the temperature continued to rise to
400 °C, which was possibly due to the limitation of thermo-
dynamic equilibrium [43].
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Fig. 7 Effect of reaction temperature of syngas on catalytic behaviors
(hydrocarbon selectivity is CO, free) of ZCA/SP34-40 catalyst. Other
conditions: P=1 MPa, GHSV =6000 h™!, H,/CO=2
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Fig.8 Effect of space velocity of syngas on catalytic behaviors
(hydrocarbon selectivity is CO, free) of ZCA/SP34-40 catalyst. Other
conditions: P=1 MPa, T=365 °C, H,/CO=2

Figure 8 shows the effect of space velocity on catalytic
performance. When the space velocity increased from
3000 h™! to 6000 h™!, the CO conversion decreased from 24
to 15%, while the selectivity of light olefins increased from
82 to 87%. The evaluation results showed that the increase
of space velocity shortened the contact time between CO and
catalyst, resulting in the reduction of CO conversion. At the
high space velocity, light olefin products could leave quickly
to avoid further hydrogenation and conversion of intermedi-
ate products on the catalyst, thus increase the selectivity of
light olefins and decrease the selectivity of light alkanes.

The pressure tests were carried out over ZCA/SP34-40
catalyst from 0.5 to 2.0 MPa. The results are shown in Fig. 9.
When the reaction pressure increased from 0.5 to 2 MPa,
CO conversion increased significantly from 6 to 24%, but
the selectivity of light olefins decreased with the increase of
reaction pressure. Meanwhile, the selectivity of light alkanes

0.5 1.0 1.5 2.0
Total pressure (Mpa)

Fig.9 Effect of total pressure of syngas on catalytic behaviors
(hydrocarbon selectivity is CO, free) of ZCA/SP34-40 catalyst. Other
conditions: T=2365 °C, GHSV =6000 h™!, H,/CO=2

100

80 pywrrrrrrTY YV Y Y V¥V v vy v vy v
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60 - —v—XC,, selectivity
+ YC, " selectivity
—e— CH, selectivity

40}

—a— C_ selectivity

[ — B R R R o B N I

20

04—+ ¢ ¢ ¢ ¢+ ¢+

Conversion and Selectivity (%)

40 50 60 70 80 90
Time (h)

100 110

Fig. 10 The stability test (hydrocarbon selectivity is CO, free)
over the ZCA/SP34-40 catalyst. Reaction conditions: P=1 MPa,
T=375°C, GHSV=3000 h~!, H,/CO=2

was improved. The experimental results indicate that the
increase of the reaction pressure could effectively promote
the conversion of CO, which is in accordance with the mov-
ing direction of syngas conversion equilibrium. However,
the increase of pressure is conducive to the hydrogenation
reaction, which can promote the hydrogenation of light ole-
fins, resulting in the decrease of light olefin selectivity and
the increase of light alkane selectivity.

3.8 The Stability of ZCA/SP34-40 Bifunctional
Catalyst

The ZCA/SP34-40 bifunctional catalyst was also sub-
jected to the catalytic stability evaluation in the syngas
conversion into light olefins, as shown in Fig. 10. It was
found that the CO conversion and light olefins selectivity
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remained stable at the reaction time of 100 h. Above
results indicated that the prepared ZCA/SP34-40 bifunc-
tional catalyst exhibited good catalytic stability in the
reaction process. Even if the reaction time was extended
to 1000 h, the CO conversion did not decrease significantly
and remains at 19%, while the selectivity of light olefins
decreased to about 63% due to the carbon deposition on
SAPO-34 molecular sieves, which further shows that the
bifunctional catalyst has good stability, as shown in Figure
S4. Additionally, Figure S5 presented the comparison of
catalytic stability for ZCA/SP34-0 and ZCA/SP34-40 cata-
lysts. Better catalytic stability was shown in ZCA/SP34-40
catalyst during the course of syngas reaction. Therefore,
the bifunctional catalysts prepared by hierarchical SAPO-
34 exhibit a prolonged catalytic stability for light olefins,
owing to the improved mass transport and decreased coke
formation rate.

4 Conclusion

SAPO-34 molecular sieves with a hierarchical structure was
successfully synthesized by a facile post-treatment method,
i.e., treatment in a facile solution system, mother liquor. The
characterizations suggest that the post-treatment method
with mother liquor has resulted in crystal etching to gen-
erate hierarchical porous structures. In the combination of
ZnCrAlOx oxides with the hierarchical SAPO-34 for syn-
gas to light olefins reaction, the bifunctional catalyst (ZCA/
SP34-40) prepared by hierarchical SAPO-34 post-treated in
mother liquor for 40 min showed the best performance with
the lowest methane selectivity of about 2%, the highest light
olefin selectivity of 85% in syngas to light olefins reactions,
mainly due to the introduction of moderate secondary pores.
Besides, the prepared bifunctional catalyst also has good sta-
bility. The post-treatment method provides a facile approach
for the research of green synthesis of hierarchical SAPO-34
molecular sieves, and also has certain reference significance
for the preparation of other types of hierarchical molecular
sieves by post-treatment method.
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