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crystallite size evidenced by XRD analysis. The EESresults
indicated that the concentration of metal ions doaffect the
morphology of nanostructured MnNIAPSO-34 catalyste dto
different rate of crystal growth. The catalytic feemance of the
samples was studied in biomethanol to olefins reactat
atmospheric pressure and GHSV of 420G/grh* in a fixed bed
reactor. MNNIAPSO-34 with high concentration of Mistrated
higher selectivity toward light olefins (60% afttB0 min time on
stream) and had longer lifetime.

natural resources and energy, as welltlas
soaring prices of crude oil, more attention has
Ethylene and Propylene are important been paid tothe processof biomethanol
components in petrochemical industries with an catalytic dehydration to light olefins asgreen
increasingdemand for their production [1, 2]. route compared to the traditional routes
A remarkable array of light olefins applications [10, 11]. As a renewable fuel source
creates a sense of excitement amongbiomethanol is used to produce light olefins.
researchers to explore newly acceptedThis biofuel isderived from biomass sources
processes like biomethanol to olefins [3-6]. [12-14]. Some advantages of the referred
Methanol can be produced from syngas process include the reduction of £&mission
obtained by natural gas reforming [7-9]. and moderated operational conditions [14].
However, in recent years, with the shortage of

1. Introduction
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Recently many researches hdweused on the aluminium and Brgnsted acid sites created in
synthesis of small pore molecular sieves whichthe SAPO pores.
can be used in the conversiorbodmethanol to So far, manystudies have focused on the
olefins  [15-19]. Silicoaluminophosphate modification of SAPO-34dy individual metals
SAPO-34 has beerneported to be the most [30-32]. The type and concentration of metal
promising catalyst giving maximum light ions and the method of incorporated metals into
olefins selectivity up to 80%. Relatively mild the framework of SAPO-34 catalyst could be
acidity, high thermal stability, pore size of significant in promoting the lifetime and
0.43-0.5 nm and 8-membered ring pores areimproving the catalyst performance [29, 33].
some of the favourable characteristics of According to the reportedesearches, nickel-
SAPO-34 molecular sieves in converting containing SAPO-34 exhibits high selectivity
biomethanol to olefins process [4, 20-23]. The of ethylene, while MnAPSO-34 was found to
main problem with these catalysts in industrial have longer lifetime in comparison with
processes is their short life due to coke unmodified SAPO-34 [31, 34-37]. Due to the
formation. Aromatics and branched isomers areimportance of biomethanol to olefins process,
formed withinthe catalyst cages whetteey are  various researches have been condudted
irreversibly absorbed on acidic sites; therefore,improve SAPO-34 properties. Therefore,
the concentration of acid sites decreasesinvestigation on synthesis of this catalyst could
[6, 20, 23]. Physicochemical and catalytic be effective ircontrolling catalyst structure and
properties of SAPO-34 catalyst can be affectedimproving its properties.
by many factors such as acidity, particle size, The main objective of this paper is to
particle shape and presence of heteroatomslevelop doped SAPO-34 catalyst by
[4, 24]. introducing Mn and Ni metals for the
Many efforts have been made in order to biomethanol reactionto produce olefins.
modify SAPO-34 to increase light olefins yield Nanostructured Mgy Nip:APSO-34  and
and lifetime. It has been reported that SAPO-34Mng 1 NigosAPSO-34 catalysts with 0.05 and
with metal incorporated into the framework 0.15 metal oxide ratio in the initial gel were
shows higher ethylene selectivity and lower synthesized and compared. Physicochemical
methane formation [22, 25]. The incorporation properties of these nanostructured catalysts
of heteroatoms into SAPO materials can bewere identified by XRD, FESEM, PSD, EDX,
achieved through incipient wetness BET and FTIR techniques. The performance
impregnation, ion exchange or isomorphous tests were carried out to investigate the effect
substitution. Isomorphous substitution is of of different temperatures on the nanostructured
particular interest as the heteroatoms, such asatalyst activity. The stability test was
transition metal ions, are substituted into conducted to investigate the effect of time on
framework sites through the direct addition of stream.
the metal source to the synthesis mixture
[26-28]. The difference in acidity generated in 2. Experimental
the catalyst is the main factor of isomorphs 2. 1. Materials
substitution over other methods [25, 29]. For In a typical hydrothermal synthesis, aluminium
this way of metal substitution into the triisopropylate (Merck, 98%), fumed silica
framework, they carry the generic names (Aldrich, 99.8%), phosphoric acid (Merck,
MeAPSO-34 molecular sieves. By using 85%) and DEA (Aldrich, 99%) were used as
various metals like transition metals the the sources of aluminium, silicon, phosphorus
catalyst acidity could be modified. The latter is and organic templates, respectively. Nickel
performed througlereating new acid sites and, nitrate hexahydrate (Merck) and manganese
consequentlyncreasing the catalyst lifetime nitrate tetrahydrate (Merck) were used as the
[28]. When heteroatoms are substituted into themetal sources. Also, de-ionized water
framework, only minor perturbations to the purchased from the Kasra Company was used
electronic structure are formed. As a result, ato prepare the solutions. The synthesized
heteroatom will replace more readily the
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nanostructured catalysts with Mn to Ni metal field emission scanning electron microscopy
oxide ratios in the initial gel equal to 0.05 and (FESEM), HITACHI S-4160. to improve
0.15 were denoted as WaNio1:APSO-34 and  conductivity, the samples were covered with a

Mng 1 NigosAPSO-34. thin gold film (ion sputtering). Chemical
composition of the nanostructured catalysts was
2. 2. Preparation and Procedur es determined by an SEM equipped with an

Nanostructured catalysts were synthesized by anergy dispersive X-ray (EDX- dot mapping)
hydrothermal method using DEA as an organic analyser, Scan MV 2300 Cam. Brunner-
agent. 10.90 g of aluminum triisopropylate and Emmett-Teller (BET) surface area was
an amount of de-ionized water were dissolved measured using nitrogen adsorption/desorption
in distilled water under stirring conditions for isotherms by a micrometric Quantachrome
1.5 h. Then, 6.03 g of Phosphoric acid aqueous(Chambet 3000analyzer. Infrared analysis of
solution was added by a drop-wise addition to the nanostructured catalyst was carried out by a
the mixture under stirring for 0.5 h. After half UNICAM 4600 FTIR spectroscopy addressing
an hour, 0.94 g of fumed silica was added into surface functional groups.

the solution and stirred for 30 min to achieve a

uniform mixture. Next, a weighed amount of 2. 4. Experimental Setup for Catalytic
nickel nitrate hexahydrate and manganesePerformance Test

nitrate tetrahydrate were added and the solutionTo produce the gas stream containing, N
was stirred for 0.5 h after the addition of each biomethanol and D, a saturator was applied.
solution. Finally, 3.86 g of diethyl amine as the The saturator container has an inlet pathway for
template was added slowly. The chemical the carrier gas N To produce a reaction gas
composition of the synthetic gel was as stream with the desired biomethanol
follows: 1AlLO;: 0.6SiQ: 1R0Os. 2DEA: concentration, B composed of 10 mol%
XMnO: yNiO: 70H0, wherex andy represent  biomethanol and 90 mol% ,B, entered the
the molar ratio of the nickel and manganesesaturator with a constant flow rate of 70
oxides in the initial gel, equal to 0.05, 0.15 and ml/min. It was permitted to flow with a gaseous
0.15, 0.05 for MpoedNig1sAPSO-34 and  space velocity of 4200 cigr.hr'. The reaction
Mng 1Nig.0sAPSO-34, respectively. The was carried out in a U-shape Pyrex fixed bed
resulted gel was transferred into an autoclavereactor (internal diameter = 0.008m, length =
where it was heated at 200 °C for 48 h. The0.32 m) heated by a temperature controlled
solid product was recovered by filtration, electric furnaceThe reaction was conducted at
washed several times with distilled water and atmospheric  pressure. Experiments were
dried at 110 °C overnight. Finally, the performed using 1 g of the nanostructured
nanostructured catalyst sample was calcined atatalyst at the temperature range 300-500 °C.
550 °C for 12 h to remove the organic template Reactions were conducted in order to study the
and the water content trapped within the micro effect of reaction temperature on the
pores of the as-synthesized solid. A typical nanostructured catalyst activity. The gas
preparation procedure of MmNigsAPSO-34 compositions of the reactants and products
and Mny 1NigosAPSO-34samples is shown in  were analysed using a gas chromatograph (GC

Fig. 1. Chrom, Teif Gostar Faraz, Iran) equipped with
Plot-Q columns and FID detectors. Gas stream
2. 3. Characterization Techniques from the regulators passed through pipes and

X-ray diffraction patterns (XRD) were recorded was introduced to the mass flow controllers
on a Bruker D8 Advance diffractometer with (MFC). The gases were mixed and passed to
Cu Ko radiation (1.54178°A) to identify the the reaction section. Argon was used as the
crystal phases in the range df 2 8-50. The carrier gas for gas chromatography and
phase identification was done by comparison tohydrogen was used to regenerate the
the Joint Committee on Powder Diffraction nanostructured catalyst prior to the
Standards (JCPDSs). Morphology of the experiments. To ensure reproducibility of the
nanostructured catalyst was investigated usingresults, the experiments were repeated several
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\

{ Catalyst forming: Mg ysNig ;APSO-34 and Mg Nig isAPSO- 34\

F|g 1. Preparation steps of nanostructurech MNio 15sAPSO-34 and Mg Nig gsAPSO-34 catalysts

times under similar conditions. Moreover, it is evidenthat My ogNig 1sAPSO-
34 and MpiNiggsAPSO-34 could be

3. Results and Discussion successfully  crystallized at different

3. 1. Physicochemical Char acterizations concentrations of heteroatoms in the initial gel

3.1.1. XRD Analysis mixture;  however, no clear pattern

X-ray diffraction patterns of the synthesized corresponding to the metal oxides was
MnNIAPSO-34 samples prepared by Mn and observed in the XRD record of nanostructured
Ni modifiers with different concentrations are catalysts due to low amount of Ni and Mn
shown in Fig. 2. A detailed examination of loading or high dispersion in the framework.
these patterns reveals the formation of SAPO- This result is in good agreement with the
34 rhombohedra structure (JCPDS: 01-087-previous studies [31].

1527), indicating high crystallinity and purity  Fig. 3 showsthe relative crystallinity and
of the samples by diffraction peak ab 2 average crystallite size of the nanostructured
9.5, 12.8, 20.6 and 31which is similar to  MnNIAPSO-34 catalysts prepared with
those SAPO-34s reported in literature in the different concentrations of Mn and Ni. The
absence of any impurity for both relative crystallinity of MnNIAPSO-34
nanostructured catalysts[30, 32, 33]. catalysts was measured using the intensity of
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Fig. 2. XRD patterns of the synthesized nanostructurealysts: (a) Mg oNig 1sAPSO-34 and (b)
Mnollsl\”O.o&PSO's“
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Fig. 3. Crystallite size and relative crystallinity of thanostructured MyygNig 1sAPSO-34 and
Mng.1Nig.0sAPSO-34 catalysts

the most important peak ab 2= 9.5 on the Mng.1sNig.0sAPSO-34 nanostructured catalyst
basis of the best prepared sample with prepared by Mn/Ni=3 ratio is lower than that
highest crystallinity as the reference. The of the other sample. This means that the
crystallite size was calculated using standarddistribution of higher Ni concentration in
Debye-Scherrer equation. According to this SAPO framework increased the number of
figure, it is concluded that the concentration crystal nuclei. As the dimensions of the
of metals has influentidlow effect on both  obtainednanostructured catalysts confirmed,
nucleation and crystal growth rates. The the average crystal size of these
diffraction peaks were very sharpThe nanostructured catalysts was about 44.3 and
relative crystallinity of the nanostructured 50.5 nm. It seems that increasing the Mn
Mng 0sNip 15APS0O-34 and MgisNig osAPSO- contents of the sample leads to rapid crystal
34 catalysts wafound to be 100 and 95.5%, growth rates yielding crystals of larger size
respectively. So, the crystallinity of with fewer defects.
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3. 1.2. FESEM Analysis between XRD and FESEM can be explained
Fig. 4 llustrates FESEM images of (a) based on the fact that crystallization rates
Mno.odNio1APSO-34 and (b) MnNioesAPSO-34  for the two catalysts were different because
nanostructured catalysts prepared with differentof  the incorporation of different
concentrations of modifiers. As can be seen, theconcentration of Mn and Ni metal ions and
catalyst particles have similar cubic the crystal growth around the large number
morphology like natural Chabazite with an of nuclei created the smaller particles.
obvious small aggregation differing in particle

size. The differencen the particle sizes comes 3.1.3. PDSAnalysis

from different metal loadings and due to the Fig. 5 shows the particle size distribution
presence of small particles on the (PSD) of the synthesized nanostructured
Mng.oNip1:APSO-34 and MgnNigosAPSO-34  catalysts forMngosNip 1sAPSO-34 (a) and
particles surface can be attributed to the Mng 1sNip0sAPSO-34 (b). As indicated in
manganese and nickel modifiers. The the  figure, for the  nanostructured
particle size of Mg1sNig.osAPSO-34 Mng oNig1:APSO-34 catalyst, 52% of particles
sample was greater than that of size is in the range of 5-1m. Furthermore,
MngosNig 1sAPS0-34 sample. Th&ESEM the particle size is between 3.4-2Qr8 with an
study confirms that morphology of the final average size of 7.4m. However, the particle
product dependson the gel composition size is in the range of 4.9-20dm for the
used in the synthesis. Furthermore, the sample synthesized with high concentration of
nanostructured catalyst containing molar Mn  (Mng1NiposAPSO-34). More uniform
ratio Mn/Ni=0.33 resulted in the formation particle size distribution is achieved by
of particles with smoother external surface. applying molar ratio of Mn/Ni=3 as a result of
The obtained results from FESEM images which 68.4% of particles are in the range of 5-
are in good consistency with the 10um with an average size of Quin. So, large
corresponding XRD analysis in which grains of nanostructured MiNiposAPSO-34
Mno.15Ni.0sAPSO-34 sample exhibits less catalyst are formed using high concentration of
intense and broader peaks. This consistencyMn owning particles of about 9m.
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Fig. 5. Particle size histogram of the synthesized nanostred catalysts: (a) MgsNig 1sAPS0O-34 and (b)
Mnollsl\”O.o&PSO's“

3.1.4. EDX Analysis the synthesized nanostructured catalysts for (a)
Fig. shows the EDX dot-mapping micrographs Mng oNio1sAPSO-34 and (b) MyyNisAPSO-
for Mng osNio.1:APSO-34 and  34. This analysis was applied locally indicating

Mno.15Nio s APSO-34 nanostructured catalysts. that the molar percentages to tioéal catalyst
All the materials used in the preparation of havelittle credibility. However, distribution of
MnNIAPSO-34 catalysts (Si, Al, P, Mn and molar percentages in the products is consistent
Ni), some of which wereot detected in the with the results of EDX analysis for the
XRD, could be observed in the EDX dot- synthetic gel. Comparing with the Si content of
mapping analysis. The EDX dot-mapping the starting gels (11 mol%), the Si content of
micrographs show high dispersion and uniform Mng ;Nig0sAPSO-34  was  higher  than
morphology for Niin MngeNio.1sAPSO-34 and  Mng oNip1:APSO-34 catalyst; thisneans that
high dispersion of Mn in MyxNioosAPSO-34  more amounts of Si is incorporated into the
sample. After removal of theemplate during framework of modified nanostructured catalyst
the calcination in synthesized catalysts with with molar ratio of Mn/Ni=3 and/or they
appropriate distribution of metals in the remain as amorphous silica on extra
framework of SAPO-34 and formation of the framework. According to the acceptable
Brgnsted acid sites inside the pores, new acidcrystallinity observed from the XRD data, it is
sites significantly improve the catalytic evident that the presence of silica as the
performance with proper distribution of Si in amorphous phase is unreasonable. The molar
crystal lattice  structures.  Furthermore, percentages of Ni modifier in the gel structure
according to the obtained results, during theand final product in the MuNig1:APSO-34
synthesis and maintenance of the syntheticcatalyst are higher than those in the
samples no impurities weodbserved. Mng.1Nip0sAPSO-34 sample synthesized with
Fig. shows the gel vs. crystal composition of [ow concentration of Ni.
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Fig. 6. EDX analysis of the synthesized nanostructurealysts: (b) Mg 1Nig 0sAPSO-34
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Fig. 7. Gel vs. crystal composition of the synthesizedosémictured catalysts: (a) MgNiq1sAPS0O-34 and
(b) Mg 1Nig 0:APSO-34

3.1.5. BET Analysis characterization, spectra were reported in a
The BET surface areas possessed areas abouiide range of frequency 500-4000 ¢niThe
434.0 and 303.2 ffy for MnoNio1sAPSO-34  spectra of the synthesized nanostructured
and  MnyNigosAPSO-34  nanostructured catalysts showed peaks of stretching vibration
catalysts, respectively. It describes that theof structural O-H for Si(OH)AI bridging
BET surface area decreased by addition of highhydroxyl group at 3450 cm [38-40]. The
concentration of Mn modifier. High surface stretching vibration around 1660 ¢ntan be
area is an indication of a higher degree of attributed to the physically adsorbed water [41-
crystallinity by x-ray diffraction and small 43]. The peaks at wave numbers about 1100,
particle sizes observed by scanning electron870, 630, and 480 chare assigned to the T-O-
microscopy techniques. The difference in the T symmetric stretching, protonated template, T-
ability between framework and extra-framework O bending in D-6 rings and T-O bending of Si
metals in the catalysts framework coldd a tetrahedral exhibiting characteristic peaks of
reason for the discrepancy in therface areas.  SAPO-34 phasetespectively. The change of
D-6 ring peaks intensity corresponding to the
3.1.6.FTIR Analysis CHA framework would be the key evidence for
The series of materials corresponding to CHA 3 successful synthesis of SAPO-34 in the

structure were characterized by FTIR techniquesamples. The hydroxyl groups are active sites.
as shown in Fig. . To achiegemore precise IR No more
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Fig. 8. FTIR spectra of the synthesized nanostructurealysis: (a) Mg oNip 15APS0-34 and (b)
Mn0,1Wi0_oﬁPSO-34.

considerable increase in the concentration ofactivity is low which is enhanced ligcreasing
strong acidic hydroxyl groups, corresponding temperature up to 500 °C. It can be concluded
to the varying concentration of Mn and Ni that the concentration of metals has influential
modifiers is observed. low effect on biomethanol conversion.

3. 2. Catalytic Performance Study toward 3. 2. 2. Effect of Nanostructured Catalyst on

MTO Reaction Product Selectivity
3. 2. 1. The Effect of Nanostructured Catalyst on ~ The  distribution ~ of  products  over
Biomethanol Conversion Mno oNio1APSO-34 and MguNigosAPSO-34

The catalytic activity of nanostructured nanostructured catalysts at 300-500 °C is
catalysts in terms of reactant conversion andillustrated in Fig. . As the temperature increases
product selectivity was studied at temperaturesfrom 300 to 500°C, the 4 selectivity
ranging from300 to 500°C. In this section, all decreases which can be as rasult of
reactions were carried out at a constant molarsimultaneous occurrence of methane formation
feed ratio and gas hourly space velocity. It and propylene conversion to ethylene reactions
should be noted that the nanostructured catalysat higher temperatures. Therefore, in the two
was dehydrated by Argon flow before the nanostructured catalysts, the production of
reaction. A typical material balance was carried ethylene increased gradually with increasing of
out for some of the experiments and it was temperature to 400 °C, and decreased
found that the value is acceptable (3% error). afterward. The M#1sNig osAPSO-34
The difference in the concentration of metal nanostructured catalyst produced a higher
ions may affect the activity and product ethylene in comparison with the
distribution. So, Fig. presents the biomethanol MngoNig 1:APS0O-34 sample. Distribution of
conversion in biomethanol to olefins reaction Mn and Ni metal ions with different
on MnNIAPSO-34 samples with different Mn concentrations has a little effect on selectivity
and Ni contents. The conversion of towards propylene.

biomethanol was defined as the percentage of Methane is an undesirable product for olefins
biomethanol consumed for its production production. The possible reaction mechanism
during this reaction. The maingoal of of methane formation at high temperatures is
biomethanol conversion is to obtain higher defined as follows [44]:

selectivity of G-C,; olefins. According to the 2 CH;OH — CH;0CH; + H,0O [1]
figure, at 300 °C, the nanostructured catalystsCHsOCH; + H,O — 2CO + 4H (2]
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Fig. 9. Biomethanol conversion over the synthesized nancistred catalysts: (a) MgsNio.1sAPS0O-34 and
(b) Mng 16Nig0sAPSO-34

2CO +2H — CO,+ CH, [3] 400°C. For this sample, biomethanol
Increasing temperature causes the formation ofconversion drops from 95 to 63% after 1 h
CH, by-products which leads to theduction  TOS. The nanostructured catalysts lifetime is
of light olefins percentage in the product defined as the reaction time sustaining
stream. This occurs due to the thermal nanostructured catalyst activity until the
decomposition of DME into methane and selectivity of olefins is lower than 60%. The
carbon dioxide at high temperatures [44-46]. maximum ethylene selectivity was about 60%.
The amount of Cid formation in the Also, both the ethylene and the propylene in the
Mng oNio 1sAPSO-34 nanostructured catalyst is product decreased to below th# at 5 h. The
higher than that inthe Mng1NioosAPSO-34  maximum G-C, olefins observed (80%) in the
sample synthesized with low concentration of early hours of TOS steadily decreased with a
Ni. After simultaneous consideration of the concomitant increase in the selectivity of by-
highest bio-CHOH conversion and light products such as DME. Weak acid sites are
olefins selectivity for the nanostructured useless for olefins production, but biomethanol
catalysts, the temperature value4®0°C was can be converted to DME on weak acid sites.
selected to investigate the effect of time on Thus, after deactivation, when most of the

steam. strong and moderate acid sites were blocked by
coke formation, the selectivity of light olefins
3. 2. 3. Effect of Time on Stream Performance decreased rapidly.

Fig. (a) shows the distribution of major  Fig. (b) shows the product distribution
products duringime on stream (TOS) for the of Mng 1 Nio sAPSO-34 at 400°C.
Mno.0Nio.1sAPSO-34 nanostructured catalyst at Mng ,4Niq sAPSO-34 revealsimilar biomethanol
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Fig. 10. Products selectivity over the synthesized nanogirad catalysts: (a) MRsNi 1sAPSO-34 and (b)
Mno_ld\lio_oﬁpso-?%‘-

conversiorto that observed fdvingoNig1sAPSO- resulting in abetter catalytic performance. In
34 sample. Mg Nio 0sAPSO-34 nanostructured comparison, high amount of DME in the
catalyst showed high selectivity towards products stream for MRNig1sAPSO-34
ethylene and propylene; so, this nanostructurednanostructured catalyst can be due to its non-
catalyst is deactivated slower than uniform particle size distribution which is
Mno.osNip1:APSO-34. The effective TOS value evident from the FESEM analysis and extra-
for this nanostructured catalyst was about 3.5 h.framework of Nickel forming Co and HThe
The maximum selectivity o€,-C, olefinswas  latter in turn undergoes reaction to form
about 85% at 2h TOS. The DME in the product methane. It was concluded that
increased from 0.5% at 2 h to 60% at 5 h. Mng 1 NigosAPSO-34 nanostructured catalyst

In the case of MNigogAPSO-34 had the best performance and longer catalyst
nanostructured catalyst, deactivation occurslifetime under the studied operational
slower than that of MyyNip1:APSO-34. conditions, followed by the order
Particle size distribution and framework or Mng1NigosAPSO-34> MR osNig 1:APSO-34.
extra-framework of metal ions may affect the
nanostructured catalyst lifetime. The useaof 4. Conclusions
nanostructured catalyst with uniform particle |t was shown that concentration of different
size at high concentrations of Mn enhances themetal ions has a significant effect on
accessibility of biomethanol into its cages physicochemical properties as well as the
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Fig. 11. Time on stream performance of synthesized nanisted catalysts: (a2) MRNip1APSO-34 and (b)
Mng 18Nio 0sAPSO-34

catalytic performance of MnNIAPSO-34 MngNigosAPSO-34 nanostructured catalyst
nanostructured catalyst in biomethanol to with higher Mn content was similar to thiair
olefins conversion. According to the XRD the MngeNig1sAPSO-34 sample.  After
patterns and FTIR analysis, WyNio15APSO- incorporation of various concentrations ofNi
34 and MpNigosAPSO-34 nanostructured and Mrf* cations into the framework, the
catalysts have CHA structure attributed to Mng:NigosAPSO-34 nanostructured catalyst
SAPO-34 with 44.3 and 50.5 nm average exhibited longer lifetime and higher selectivity
crystallite sizes, respectively. FESEM images to light olefins than theéMngggNig 1:APSO-34
demonstrated thathe particles havecubic nanostructured catalyst.

shape structure for MnNIAPSO-34

nanostructured catalysts. The particle size of Acknowledgements
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