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Crystalline beta zeolite molecular sieve with SiO2/Al2O3

molar ratio of 28.5 was synthesized by the hydrothermal
crystallization method and examined for methanol dehydration
reaction. The micro-mesoporous beta zeolite was active
between 280 and 450°C. Dimethyl ether (DME) was observed
as the predominant product at all reaction temperatures, with a
maximum selectivity of 47.9% at 300°C and a methanol
turnover frequency (TOFMeOH) of 741.9 h−1. At increased
reaction temperatures, beta zeolite showed enhanced strong
acid site fraction, promoting higher hydrocarbon formation
following the olefin-based cycle. It was revealed that the
crystallinity, porosity and acidity of beta zeolite change in the
reaction environment. Amorphous carbon deposition occurred
on beta zeolite, which involved a loss in crystallinity to some
extent. The temperature increase showed a pore-broadening
phenomenon at elevated temperature regions. Regeneration
cycle testing demonstrated beta zeolite activity maintained
stable throughout a 280 h time-on-stream period.
1. Introduction
Global population growth, rapid urbanization and the use of fossil
fuels like coal, oil and natural gas for economic purposes have all
contributed to excessive CO2 emissions and subsequent climate
change. As a result, there is an urgent need to promote the
use of renewable energy sources that can replace fuels and
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chemicals made from fossil fuels in order to prevent the harmful effects of climate change. Also, the

circular economy has become crucial for sustainable development to reduce carbon footprint by the
use of abundant renewable resources like solar, wind and biobased resources.

Recently, countries around the world have put significant focus on developing technologies for the
production of synthetic fuels from renewable sources to reduce carbon emissions from the transportation
sector. As India is an high energy demanding country and heavily dependent on imported fossil fuels, the
government is promoting synthetic fuels and biofuels to become more self-reliant. India is also a signatory
to the Paris Agreement and is committed to reducing its carbon footprint from its economic activities.
During COP26, the Indian government committed to becoming a carbon-neutral country by 2070 [1].

In the pursuit of carbon neutrality, dimethyl ether (DME) has emerged as a chemically stable and
environmentally viable compound. Given its comparable properties to LPG and diesel fuels, DME is
garnering significant attention as a potential fuel additive [2,3]. Currently, DME synthesis is preferably
carried out by methanol dehydration (Reaction 1.1). The exothermic nature of the reaction leads to the
formation of hot spots, which pose a significant risk of catalyst damage [4]. The presence of carbon
deposition poses an inherent challenge by impeding the accessibility of acidic sites [5]. Additionally,
the water produced during the process exhibits a strong affinity towards acidic sites, leading to the
blockage of active sites [6]. Therefore, the use of a suitable catalyst is crucial for ensuring efficient
operation at high temperatures.

2CH3OH ! CH3OCH3 þH2O; DH298K ¼ �22:6kJ=mol ð1:1Þ

The methanol conversion to DME and hydrocarbons used to be selectively carried out on the acid
catalysts such as gamma alumina [7,8], zeolites [9,10] and silicoaluminophosphate [11,12]. Topology of
the zeolites has been identified as the influencing parameter for product selectivity. Small pore size
zeolites (2 to 10 Å) were found to be suitable for the selective products but associated with the slow
diffusion constraint [13]. Aloise et al. reported the desilicated ZSM5 with Si/Al = 22.5 was more active
than the parent sample [14]. The increase in pore diameter of the mesopores due to desilication was
attributed to the enhanced activity and carbon deposition suppression. Moreover, the textural properties
were more influential to the formation of selective products such as poly-methylbenzenes rather than
acidity. Zhao et al. stated that the beta zeolite with much higher Si/Al ratio between 136 and 340 along
with lower acid site density was suitable for selective methanol to propene (MTP) reaction [15]. Large
pore size and high reaction temperature were summarized as the prime reasons for aromatic suppression
and cracking of heavier olefins, respectively [15]. However, poor stability of the zeolite was an associated
concern, with an observed 20% decrease in methanol conversion in 16 h. Thus the stability issue of the
beta zeolite during methanol dehydration needs to be addressed.

The current study demonstrated the methanol dehydration reaction on beta zeolite sample. Beta
zeolite was synthesized by hydrothermal crystallization and employed for the production of DME and
light hydrocarbons. The effect of temperature on the structural stability of beta zeolite and product
distribution was evaluated by a series of activity and characterization experiments. The reaction
temperature is a crucial parameter for methanol dehydration and molecular sieve stability. Sabour
et al. reported equilibrium limitations for the methanol dehydration to DME reaction between 250 and
400°C for Al-HMS catalysts [16]. However, the used catalysts were not examined thoroughly.
Moreover, changes in the pore structure due to dealumination were also suggested by the DFT study,
previously [17]. Pore structure and crystallinity change was supposed to have a significant influence
on the product distribution. Changes in the catalytic properties and their correlation with the activity
could give a proper justification for the temperature effects. Moreover, the stability investigation of the
current beta zeolite sample at an elevated temperature region is targeted. The efficient use of beta
zeolite material is reported with significant activity, stability and reusability.
2. Material and methods
2.1. Catalyst preparation
Beta zeolite molecular sieve was synthesized by a hydrothermal crystallization method using an organic
template. The initial gel mixture comprised mole ratios of SiO2/Al2O3 = 28.5, H2O/SiO2 = 23.8, TEA+/
SiO2 = 0.42 and Na2O/SiO2 = 0.091. The reagents used were sodium aluminate (43.8% Al2O3, 39.0%
Na2O), silica sol (40% SiO2), tetraethylammonium hydroxide (TEAOH, 30% wt/wt aqueous solution),
sodium hydroxide (NaOH, AR) and deionized water. A precursor solution of Si and Al was prepared
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Figure 1. Schematic diagram of the experimental setup.
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by dissolving the desired amount of sodium aluminate and silica sol in aqueous sodium hydroxide
solution. TEAOH was used as the structure directing agent and mixed with 40% v/v aqueous H2SO4

solution. Both the solutions were vigorously mixed to form a homogeneous mixture. The final
homogeneous reaction mixture was transferred into stainless steel autoclave and then heated at 140°C.
The extent of crystallization was monitored as a function of the crystallization period. The progress in
crystallization was established from the degree of crystallinity, kinetics of crystallization, and different
phases obtained at different crystallization periods. On the basis of the integrated area of the XRD
peak appearing at 2θ = 22.4°, the XRD pattern of the sample obtained after a crystallization period of
72 h has exhibited the most crystalline and pure zeolite beta phase, free from any amorphous
contribution. The final solid product was centrifuged and washed thoroughly with deionized water
and then dried at 120°C in a static air oven for 12 h. In order to remove the organic template, an as-
synthesized sample was calcined at 550°C for 10 h under the air environment. During the calcination,
the air flow was kept at 20 ml min−1. The calcined sample was further subjected to repetitive ion-
exchange using 1 M ammonium chloride solution (in the proportion of 15 ml per gm of solid) at 80°C
for 6 h. Excess salt was washed by deionized water until there were no detectable chloride ions. The
samples were then dried overnight at 120°C in static air followed by calcination at 550°C for 6 h
under flowing air to convert them into protonic forms. The protonic form of the sample was shaped
into extrudates by mixing 40 wt.% amorphous silica (dry basis) as a binder. Acetic acid (3%) was
added to this mixture until it formed a homogeneous paste. It was further peptized until the required
consistency was achieved. The homogeneous paste was then subjected to extrusion by using 1.2 mm
die disc. Finally, the extrudates were dried and then calcined at 550°C for 5 h.

2.2. Characterization
The catalytic properties were investigated by several characterization techniques. Surface area and
pore structure by N2 adsorption/desorption, structural properties by the XRD, and acidic properties
by NH3-TPD experiments. The surface morphology was analysed by FESEM, and TEM experiments.
The deposited carbonaceous species quantification was carried out by the TGA and CHNS
experiment. Solid product verification was performed by 1H NMR spectroscopy.

2.3. Activity test
The performance evaluation of the prepared sample was conducted in a tubular quartz fixed bed reactor
unit. A schematic diagram of the experimental setup is shown in figure 1. 8 g of the catalyst was loaded
in the reactor with the help of quartz wool supported on the notch. The catalytic investigation was
carried out between 280 and 450°C and a WHSV of 1.19 gMeOH gcat

−1 h−1. All reactions were carried out at
atmospheric pressure, using nitrogen as the inert gas. The reaction products, gas and liquid, were
analysed by refinery gas analyzer (RGA, Agilent Technologies 7890B) and gas chromatography (GC,
Agilent Technologies 7890A), respectively. The samples were collected at different time intervals and
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Figure 2. Isotherm and pore size distribution of the fresh β-zeolite.
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analysed for methanol conversion and product distribution. The solid product was analysed by 1HNMR at
the end of each reaction. The turnover frequency (TOF) was calculated by the following equation [18].

TOF ¼ (WHSV��xMeOH)
(NH3 uptake�X2)

where, WHSV� and xMeOH are the molar hourly space velocity (µmolMeOH gcat
−1 h−1) and fractional

conversion of methanol, respectively. Additionally, the NH3 uptake data is used for the fresh beta zeolite
extrudates. X2 is the fraction of strong acid sites reported in table 3.
3. Results and discussion
3.1. Fresh sample characterization
Figure 2 shows N2 adsorption–desorption isotherm and pore size distribution of freshly calcined beta
zeolite sample. Both the powdered and extrudate samples showed Type IV isotherm with a hysteresis
loop that indicated the presence of mesoporous structure [19]. The total adsorbed N2 amount on the
extrudates was lower than the powdered sample. The mixing of amorphous silica for shaping the
powdered beta zeolite was the inherent reason behind the lower absorptivity [20]. Moreover, the inset
plot shows the availability of both micro- and mesopores with the majority pore radius between 10
and 80 Å. The extrudate sample was taken as the basis with BET surface area and pore volume of
379.5 m2 g−1 and 0.42 cm3 g−1, respectively. Moreover, the micropore volume was evaluated as
0.11 cm3 g−1.

The X-ray diffraction pattern of the as-synthesized and calcined beta-zeolite powder and extrudates is
reported in electronic supplementary material, figure S1. Crystalline structure was observed with distinct
signals at 2θ = 7.8° and 22.4° [21]. The as-prepared parent sample matches well with the previously
reported beta zeolite sample confirming the well-crystalline phase with no other impurity [18,19,22].
The XRD patterns of the protonic forms after post-synthesis treatment also showed identical profiles
indicating no phase change or structural damage except some alteration in the relative peak intensities
with no shift in the peak positions. The extent of crystallinity of the samples was calculated by the
peak area at 22.4°and reported in table 1. No significant change in the crystallinity of the beta zeolite
powder was observed by mixing the SiO2 binder. However, the crystallite size was slightly decreased
from 55.9 nm to 52.8 nm while adding the SiO2 binder.

The acidic character of fresh beta zeolite was analysed by NH3 TPD experiment. Figure 3 shows two
evident ammonia desorption peaks centred at 195°C and 510°C. The former was attributed to weak acid



Table 1. Textural properties of fresh and used beta zeolite samples calcined at 550°C.

sample
reaction
temperature (°C)

asurface area
(m2/g)

apore volume
(cm3/g)

amicropore
volume (cm3/g)

bcrystallinity
(%)

dcrystallite
size (nm)

fresh (powder) — 544.5 0.54 0.17 c100.0 55.9

fresh (extrudate) — 379.5 0.42 0.11 98.8 52.8

used (extrudate) 300 360.9 0.41 0.10 84.8 55.6

350 319.8 0.38 0.09 87.9 52.8

400 336.9 0.41 0.09 84.4 55.7

450 371.6 0.42 0.10 29.4 57.2
aObtained from N2 adsorption–desorption analysis.
bBased on XRD peak area.
cAssumed to have maximum crystallinity.
dCalculated by Scherrer equation.

T
C

D
 s

ig
na

l (
ar

b.
 u

ni
ts

)

100 200 300 400 500
temperature (°C)

600 700 800 900

0.05

0

0.10

0.15

0.20

0.25
a

b
c

d
e

Figure 3. NH3-TPD profile (a) fresh and (b–e) used beta zeolite sample. Reaction conditions for used sample; pressure (1 bar),
WHSV (1.19 gMeOH gcat

−1 h−1), temperature (b) 300°C (c) 350°C (d ) 400°C (e) 450°C.

royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.10:230524
5

sites and the latter to strong acid sites [10,23]. Moreover, the major fraction of acid sites was weak acids,
as reported in table 2.

The high-resolution surface morphology was investigated by TEM and reported in figure 4. The fresh
beta zeolite shows regular and uniform distribution of the particles. Moreover, the SAED pattern
suggested the polycrystalline structure of the fresh beta-zeolite sample.

3.2. Sample activity assessment
Figure 5 shows the methanol conversion with time at various reaction temperatures. The time-on-stream
(TOS) data shows almost stable conversions at all the investigated temperatures. An increase in methanol
conversion was observed with the increase in reaction temperature from 280 to 400°C. The increase in the
methanol conversion with temperature is consistent with the previously observed trend [18,24]. By
contrast, a rapid decrease in the methanol conversion from 82.1% to 31.3% was observed while
increasing the temperature from 400 to 450°C.

Liquid and gaseous products of the reactions were quantified using gas and liquid chromatography.
Figure 6 shows the product selectivity averaged across the TOS studied. The results demonstrated that
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Figure 4. TEM image and SAED pattern of (a,c) fresh and (b,d ) used beta zeolite sample. Reaction conditions for used sample;
pressure (1 bar), WHSV (1.19 gMeOH gcat

−1 h−1), temperature (450°C).

Table 3. Acidic properties and carbon deposition data of the fresh and used beta zeolite samples.

sample

reaction
temperature
(°C)

atotal NH3
uptake
(µmol g−1)

a,bT1
(°C) a,cX1

a,dT2
(°C) a,eX2

carbon (wt. %) Wt. loss
in TGA
(%)CHNS EDX

fresh - 522.0 172 0.93 520 0.07 0.0 0.0 4.7

used 300 477.5 191 0.90 524 0.10 22.8 28.0 13.3

350 456.5 199 0.90 524 0.10 25.6 31.0 17.2

400 449.4 200 0.89 521 0.11 27.2 37.1 24.1

450 442.2 200 0.89 521 0.11 28.0 38.3 25.3
aObtained from NH3 TPD.
bTemperature of weak acid peak.
cFraction of weak acid site.
dTemperature of strong acid peak.
eFraction of strong acid site.
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the synthesized beta zeolite catalyst is selective to DME between 280 and 300°C. Furthermore, a declining
trend in DME selectivity was seen as temperature increased. Thus, the ideal temperature for methanol
dehydration to DME was 300°C with maximal methanol conversion and dimethyl ether selectivity (%).

Saturated and unsaturated hydrocarbons were also obtained along with DME and with increasing
selectivity with temperature. Figure S2 in the electronic supplementary material shows the product
distribution of C1 to C4 hydrocarbons at each investigated temperature. Reaction temperature plays a
pivotal role in hydrocarbon selectivity. C2 hydrocarbon formation was feasible at 300°C. However, C4
hydrocarbon percentage was maximized at 450°C, as shown in electronic supplementary material,
figure S2d. Hexamethyl benzene (HMB) was also formed at all reaction temperatures with a
maximum selectivity of 5.6% at 450°C. The 1H NMR spectrum in electronic supplementary material,
figure S3 confirms the single component formation as the solid product. The product selectivity
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suggests the occurrence of the dual-cycle mechanism which propagates both the aromatic and olefin-
based cycle [13].

The performance comparison of the present beta zeolite with the available literature is not
straightforward because of the different reaction conditions. However, the comparison can be carried
out with reasonable extrapolation. Table 2 contains the activity data of the previously reported
molecular sieves for methanol dehydration reactions. The synthesized beta zeolite sample in the
present study showed higher methanol conversion than the previously reported sample [18,21,25].
Although the reaction temperature was lower in the previous literature, the current beta zeolite
sample might continue to have superior methanol conversion at a similar temperature. Previously
investigated SAPO-34 by Álvaro-Muñoz et al. has higher methanol conversion than the current beta
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zeolite sample [26]. However, the catalyst showed a rapid decrease in methanol conversion after 5 h of

activity test. The current beta zeolite sample showed higher methanol conversion than previously
tested membrane-associated ZSM-5/Al2O3 [27]. Macina et al. reported around 81% methanol
conversion with nearly 100% DME selectivity for mesoporous silica materials [28]. However, the study
was limited in terms of addressing the stability of the catalyst. TOFMeOH was also calculated to
understand the activity per strong acid site. The present beta zeolite showed significantly high activity
of acidic sites with TOFMeOH of 679.8 h−1 at 280°C. The obtained TOFMeOH is much higher than
previously reported beta zeolite by Catizzone et al. [18]. Thus, the current zeolite sample consists of
better activity toward methanol dehydration to DME with 70 h of stability.

3.3. Used sample characterization

3.3.1. Surface morphology and coking analysis

Figure 7 shows the surface images of fresh and used beta zeolite samples. The roughness of the fresh
sample was more as compared to the used samples. Additionally, bigger morphology appeared in
used samples, which was possibly due to the amorphous SiO2 addition during extrudate synthesis.
The elemental composition of selected areas of fresh beta zeolite is reported in electronic
supplementary material, figure S4a. The Si/Al weight ratio was observed as 17.0, which matches well
with the nominal ratio of 16.9. Furthermore, deposited carbon was confirmed in each used sample,
although their appearance was not verified during imaging. The deposited carbon amount increased
with an increase in the reaction temperature with a maximum amount of 38.3% at 450°C, as reported
in table 3.

The deposited carbon on used samples was estimated using thermogravimetry analysis (TGA). The
TG profile in figure 8 shows a decrease in sample weight with an increase in temperature.
Thermogravimetry data of the fresh sample was also included for comparison. The weight loss
between room temperature to 200°C is due to removal of moisture adsorbed in the sample [29]. The
weight loss between 200 and 800°C is attributed to burning of coke which was deposited during the
reaction. All the used samples showed higher weight loss as compared to the fresh sample. Moreover,
deposited carbon amount increased with an increase in the reaction temperature.

Table 3 shows the deposited carbon amount in the used samples by the CHNS experiment. An
increase in the carbon amount was confirmed with an increase in reaction temperature. Although the
absolute values are different, the trend of increase in carbon deposition with temperature is in
agreement with the TGA and EDX data. Catizzone et al. stated the carbon deposition in the form of
poly-methylbenzenes during methanol dehydration [18]. In fact, the current study showed single
hexamethyl benzene (HMB) formation as a solid product. Although the HMB deposition was
attributed to the prime reason for catalyst deactivation, the present beat zeolite appeared to have a
smaller pore structure to avoid holding HMB.

The carbon deposition during methanol dehydration was considered as a significant reason for the
activity loss. In fact, a previous study by Catizzone et al. reported a decrease in methanol conversion
from 84% to 48% in 60 h of TOS on a beta zeolite sample and referred to coking [18]. Nevertheless,
the current study reveals that the beta zeolite exhibits nearly consistent activity for up to 70 h of time
on stream (TOS). Furthermore, it has been observed that a significant decline in crystallinity is the
primary factor contributing to the decrease in activity at higher reaction temperatures.

3.3.2. Regeneration of used samples

Used samples after 70 h of the activity test were investigated to identify the occurred changes in textural
and physico-chemical properties. Prior to the investigations, used samples were calcined in the still-air
environment at 550°C for 5 h. After that, the sample was cooled down to room temperature and used
for characterization investigations.

TheN2 adsorption–desorption isotherm of used samples after regeneration in electronic supplementary
material, figure S5 shows almost identical type IV isotherm as of the fresh beta zeolite extrudate.
Furthermore, table 1 shows a decrease in surface area with an increase in the reaction temperature up to
350°C when compared to the fresh sample. Further increase in reaction temperature leads to an increase
in the surface area and pore volume. The pore structure appeared to change at elevated temperatures.
For added clarity, pore size distribution of the used samples is reported in electronic supplementary
material, figure S6. All the regenerated samples sustained the microporous-mesoporous structure.
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Figure 7. FESEM images of (a) fresh and (b–e) used beta zeolite sample. Reaction conditions for used sample; pressure (1 bar),
WHSV (1.19 gMeOH gcat

−1 h−1), temperature (b) 300°C (c) 350°C (d ) 400°C (e) 450°C.
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However, used samples after activity tests at 400 and 450°C showed a shift in the pore size distribution to the
widened size. Dealumination of the used beta zeolite due to steaming at elevated temperature appeared to
be related to pore broadening and increment in the pore volume. Steam treatment of zeolites has been
reported as the prominent method for dealumination of small pore zeolites [17,30,31]. Raoof et al. also
reported a rapid decrease in the methanol conversion with TOS for γ-Al2O3 with the 20% H2O co-feed
[8]. The observed increase in carbon deposition at elevated temperatures (as reported in table 3) could be
related to the pore-broadening phenomena. The widened pore pockets hold the HMB with a subsequent
increase in the deposited quantity [18]. Thus, the pore broadening appeared to happen at higher reaction
temperatures along with the increase in carbonaceous species deposition. Nonetheless, the microporosity
of all the regenerated samples remains the same.
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The phase purity and crystallinity of used samples were determined by powder X-ray diffraction. The
diffractogram of used catalysts in figure 9 showed diffraction peaks at the same position as those observed
for the fresh sample. The crystallinity of used sampleswas calculated by comparing the integrated peak area
at 2θ = 22.4° to that of the parent beta zeolite. Freshly calcined beta zeolite powder was assumed to have the
most crystalline structure with 100% crystallinity. Compared to the fresh catalyst, used catalysts showed a
decrease in crystallinity, with minor exceptions, as reported in table 1. Moreover, a gradual decrease
in diffraction peak area at 2θ = 7.8° is evident and affirms the decreased crystallinity with increase in
reaction temperature. Furthermore, the crystalline structure appeared excessively hampered at elevated
temperatures. The used beta zeolite after activity test at 450°C showed a decrease in crystallinity of
70.6%. The loss in crystallinity affirms the hypothesis of dealumination during methanol dehydration
[30]. Lower methanol conversion at 450°C also seemed to be related to the loss in crystallinity. Moreover,
all the used catalysts showed similar crystal sizes as compared to fresh beta zeolite.
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The TEM image of used beta zeolite after activity test at 450°C showed significant deviation from the
fresh sample, as shown in figure 4. Amorphous carbon deposition was observed on the catalyst surface
and showed agreement with TGA and CHNS data [32]. Morphology of the used sample was also
hampered and could be related to loss in crystallinity, as discussed above. The SAED pattern of used
beta zeolite in figure 4d showed an evident loss in the polycrystalline structure. Thus, the activity
drop at 450°C was due to carbon deposition. However, the loss in crystallinity can’t be overlooked as
the reason for activity loss.

Table 3 shows the total acidity of used samples tested at different temperatures. A decrease in total
acidity was observed with an increase in reaction temperature. However, the fraction of strong acidic
sites increased with temperature. The increase in C2-C4 selectivity is consistent with increase in the
fraction of strong acid sites [18]. However, the role of weak acid sites in methanol dehydration and
product selectivity cannot be avoided [25]. The acid sites, weak and strong, are important in the DME
synthesis and should be maintained throughout the reaction. Niwa et al. stated that the weak acid site
evaluation based on low temperature NH3 desorption peak would not be appropriate because of the
involvement of physisorbed ammonia [33]. However, decreasing overall NH3 adsorption amount for
the used samples is consistent with a decrease in the DME selectivity. Thus, at elevated reaction
temperatures, the structural properties of beta zeolite were mildly hampered and could be regenerable
successfully after calcination.

3.3.3. Regeneration cycle test

The used beta zeolite after 70 h intervals of activity test at 450°C was further exposed to regeneration test
since the propensity of deactivation was more due to significant carbon deposition, as reported above.
After each 70 h cycle, the used sample was regenerated by calcining in still air at 550°C for 5 h. The
regenerated sample was again tested for methanol dehydration reaction for longer TOS. Figure 10
shows the methanol conversion and DME selectivity data for four reaction cycles. Thus, the current
beta zeolite showed stable activity up to a consolidated TOS of 280 h.

3.3.4. Reaction rate expression

In order to describe the methanol dehydration process, power-law kinetics was used for the beta zeolite
catalyst with estimated parameters not only for the consumption of methanol but also for generation of
H2O and DME. The experimental data for kinetic study were obtained for the methanol dehydration
reaction at different temperatures (280⚬C, 300⚬C, 325⚬C, 350⚬C, 375⚬C, and 400⚬C) and a WHSV
variation between 1.49 and 0.99 gMeOH gcat

−1 h−1. The experimental data was fitted in the power-law



Table 4. Summary of the kinetic model.

S.N. kinetic equation rate constant (k) a b c R2

1 �r ¼ kpaMeOHp
b
H2Op

c
DME 3.2 0.78 −1.7 1.44 0.99
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model equation in the nonlinear regression method by using Polymath software. The estimated rate
constant and other parameters are given in table 4. During the integral method of analysis the graph
was plotted to satisfy the Arrhenius equation. Electronic supplementary material, figure S7 suggested
the activation energy of 4.2 kJ mole−1 with frequency factor 7.73 gMeOH/gcat.h.(atm)0.52.
al/rsos
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4. Conclusion
The synthesized beta zeolite by hydrothermal crystallization method results in molecular sieve with
significant surface area, micro-mesoporosity and crystallinity. Methanol dehydration to DME was
efficiently carried out with sustained stability. The increase in reaction temperature showed an increase
in methanol conversion and a decrease in DME selectivity. Hydrocarbons between C1 to C4 range and
hexamethyl benzene (HMB) were also identified as the reaction product. The molecular sieve
crystallinity and porous structure stability were found to be pivotal for catalyst performance. The lower
molecular weight C2 hydrocarbons were more selective at lower reaction temperatures. In contrast, C4
enrichment occurred at elevated temperatures. HMB was found as the single component as the solid
product, along with the poly-methylbenzene deposition on the zeolite surface. At higher reaction
temperatures, pore-broadening phenomena were observed, which increased the accumulation capacity of
HMB. At elevated temperatures, apprehensions of structure deterioration arise due to steaming.
Regenerability and recyclability with minimal loss in the structural properties promote the candidacy of
the porous beta zeolite sample for methanol dehydration reaction.
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