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Article Info ABSTRACT
Article type: Mayenite (Ca;2Al14033, C12A7) is a promising catalyst support due to its unique
Research Article structural and electronic properties. However, conventional synthesis routes yield a low
specific surface area, limiting access to active sites and reducing catalytic efficiency. In
Article history: this work, we synthesized nanostructured mayenite via a hydrothermal method and
Received: 10 May 2026 subsequently shaped it into porous tablets using polyvinyl alcohol (10 wt%) and graphite
Received in revised form: (1 wt%) as pore formers, followed by pressing and calcination at 600 °C. The
09 June 2026 hydrothermally prepared powder initially showed a surface area of only 6.72 m*/g. After
Accepted: 15 June 2026 the shaping and calcination process, the surface area increased to approximately 22 m?%/g,
as confirmed by XRD, BET, and FESEM. Unlike conventional approaches, where
Keywords: sintering during forming reduces surface area, our method relies on in-situ porosity
Mayenite (C12A7), generation during the shaping step. This integrated approach provides a practical,
Nanostructured, . scalable route to produce nanostructured, porous mayenite suitable for high-temperature
glaf;;sliosrf;;g rtgeneratlon’ catalytic applications such as Fischer—Tropsch synthesis.
INTRODUCTION hydrogenation, dehydrogenation, and other

Mayenite, also known as C12A7 or 12Ca0-7ALOs, is a transformations [11]. The material's inherent resistance to
caleium ’ aluminate compound that has attr;lcted carbon deposition and sulfur poisoning further broadens its

considerable interest in heterogeneous catalysis [1,2]. This gotentla} ap[tihga:ilons, branglng fr9m the 0x1datgie
material possesses a unique nanoporous crystalline estruction of hydrocarbons to serving as a non-nople

structure composed of a positively charged framework, metal cat.alyst or support [7,12,13]. ) )
[Caz4Al2s064]*", which encloses sub-nanometer-sized Despite these advantages, conventional mayenite

cavities [3,4]. Within these cages, an exchangeable anionic suffers from a low specific surface area (SSA), which
sublattice (X°) can host various species, including 0%, O~ reduces the available contact area for reactant molecules.

0, OH-, and even electrons (e-) [1,2]. A key consequence Trafiitional high-temperqture solid-§tate . synthesis
of this structural flexibility is the ability to trap and typically produces dense, sintered materials with an SSA

1 2
stabilize reactive oxygen species, which has positioned rarely §xceed1ng 175_ m?/g [10,14,15]. h,l heterggeneous
mayenite as a material of great significance in catalysis, catalysis, where reactions occur at the solid—gas mt.erface,
particularly for oxidation reactions [5—7] a low SSA severely restricts the concentration of

Owing to these unique structural and electronic accessible active sites and impedes reactant and product

properties, mayenite offers several advantages as a catalyst transport, - thereby .reducmg catalytic efficiency [16].
support. Its cage-like architecture promotes strong metal— Consequently, a major research goal has been to develop

support interactions and can significantly influence §ynthesis rout'es that y@eld high-SSA mayenite, unlocking
catalytic behavior [8,9]. Furthermore, mayenite exhibits its full catalytic potentl.al.' . .
excellent thermal stability, making it suitable for high- Re'cent progress. indicates that napostructurmg 18
temperature reactions such as methane oxidation, where it f:ssentla'l for improving textural properties, and :several
has demonstrated enhanced activity compared to innovative approaches have emerged as alternatives to

conventional supports [8,10]. Beyond oxidation conventional ceramic routes. For instance, Li et al.
mayenite-supported catalysts have shown promise in reported a hydrothermal method that produced mayenite
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with enhanced surface area, although subsequent ball-
milling was often required [17]. Shuva Rakova et al.
further streamlined this method by reacting CaO with an
aluminum hydroxide suspension in water, yielding
nanocrystalline mayenite with an SSA of approximately
80 m?/g after calcination at 600 °C [18]. Similarly, sol-gel
methods using citrate or oxalate precursors have been used
to produce nanocrystalline powders [19,20].

Another interesting route was developed by Meza-
Trujillo et al., who employed solution combustion
synthesis (SCS) with a dual-fuel system (urea/B-alanine)
and oxalic acid as a pore generator. This method produced
mesoporous mayenite with an SSA of 74 m?/g after
calcination at 400 °C [21]. Using a modified
glycine/nitrate method, Matovi¢ and coworkers also
obtained single-phase mayenite, illustrating the versatility
of combustion routes [22]. A stepwise solid-state synthesis
was patented by Qiao et al.,, in which pyrolysis and
gasification of an organic pore-enlarging agent (e.g., starch
or asphalt) create a micro-mesoporous structure,
increasing the SSA to over 120 m?/g [23].

The work of Ruszak and colleagues shed light on the
role of intermediate calcium aluminate phases (e.g.,
CasAlsO14 and CasAl20s) that appear during the solid-state
reaction starting from CaCOs and y-Al:Os. They identified
CasAlsO14 as a key low-temperature intermediate—
knowledge that can guide the design of energy-efficient
calcination protocols while still yielding pure mayenite
[24].

That said, the most effective methods for achieving
high surface areas, such as aerogel synthesis with
supercritical drying, are inherently complex, expensive,
and difficult to scale for industrial use. The need for
specialized equipment and precise control of supercritical
conditions presents a major practical hurdle. Moreover,
aerogel-derived samples remained largely X-ray
amorphous even after calcination at 500 °C, crystallizing
into a mixture of phases only at 900 °C, at which point the
SSA collapsed to just 15-20 m?/g. Similarly, Meza-
Trujillo et al. (2019) reported that their best high-SSA
material (74 m?/g at 400 °C) still contained residual
calcium carbonate. Upon obtaining pure crystalline
mayenite at 800 °C, the SSA dropped significantly to 30
m?/g. This trade-off between crystallinity and porosity
remains a fundamental challenge in materials science.

Therefore, in this work, we focus on the synthesis of
mayenite nanoparticles by creating pores in situ during
catalyst formation. A significant increase in SSA was
achieved directly from the industrial forming process and
subsequent binder removal, transforming a key limitation
of the material into a functional advantage. We aim to
realize a substantially enhanced surface area through
particle size reduction to the nanometer range, thereby
improving the performance of mayenite as an effective
catalytic support.

Experimental
Synthesis of C12A7 Powder

Nanocrystalline mayenite (12Ca0O-7A1.0s, C12A7) was
synthesized via a hydrothermal method [13,17,25]. First, a

stoichiometric mixture of Ca(OH). and Al(OH); (Ca:Al
molar ratio of 12:14) was mixed for 4 hours. The resulting
slurry was transferred to a Teflon-lined stainless steel
autoclave for hydrothermal treatment at 150 °C for 5
hours. The solid product was collected, dried overnight at
120 °C, and subsequently calcined in static air at 1000 °C
for 5 hours.

Shaping of C12A7 Powder into Porous Tablets

The synthesized C12A7 powder was formed into
mechanically stable tablets for use as a catalyst support.
First, the powder was sieved through a #50 mesh sieve.
Then, a 10 wt% polyvinyl alcohol (PVA) solution was
added dropwise with a syringe, followed by 1 wt%
graphite as a secondary binder. The mixture was blended
until it formed a smooth paste, which was then left at room
temperature for 72 hours to partially dry. After that, the
mixture was sieved through a #40 mesh sieve, yielding a
granulated material with a weight loss of approximately
12%. The granules were pressed into tablets under uniaxial
pressure. The tablets were dried at 120 °C for 4 hours to
remove residual water and then calcined at 600 °C for 16
hours in air to ensure complete removal of the PV A binder.
These conditions were determined from pre-experiments
and thermogravimetric analysis to ensure complete
oxidative removal of the PVA binder without sintering the
mayenite framework. Figure 1 presents a schematic of the
tablet support preparation.

-

Fig. 1. Schematic of the tablet support preparation.

RESULTS AND DISCUSSION
Catalyst Characterization

X-ray diffraction (XRD) analysis was performed to
identify the crystalline phases present using a Bruker D8
Advance diffractometer with Cu Ka radiation (40 kV, 30
mA). Figure 2 shows the XRD patterns of mayenite before
and after tableting. For the mayenite (CI12A7),
characteristic peaks appeared at 20 = 18.12°, 27.82°,
29.77°, 33.40°, 36.69°, 41.20°, 46.66°, 52.88°, 55.22°,
57.51°,60.81°, 67.14°, and 72.22°.

Tablet C12A7 Mayenite
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Fig. 2. X-ray diffraction (XRD) patterns of mayenite (C12A7)
and tablet-formed mayenite (C12A7).
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Surface area and porosity were evaluated via the BET
method using a Quantachrome NOVA 2200 analyzer. To
ensure accurate measurements, catalyst samples were
degassed at 300 °C under N: flow for 3 hours prior to
analysis to remove any physisorbed water or gases. Table
1 presents the BET and BJH analysis results for the C12A7
powder and porous C12A7 tablets. The BET surface area
and pore volume increased from 6.72 m%*g and 0.03 cm®/g
for the C12A7 powder to 21.73 m?*/g and 0.09 cm?/g for
the C12A7 tablets.

The use of high temperature (1000°C) for calcination
of the synthesized powder was necessary, which led to a
reduction in surface area compared to before calcination.
However, the clever trick in the tablet preparation, while
binding the particles together, leads to the release of gases
resulting from the calcination of some of these organic
compounds, and as a result, the porosity increases from
6.72 to 21.73 m%/g

Table 1
BET results of structural properties of C12A7.
Specific Cumulative
Pore
Surface area surface

Sample > volume )

gy | 0N | area(mie)

BET BJH

C12A7 6.72 0.03 07.29
powder
tablets
C12A7 21.73 0.09 21.64

Figure 3 shows a field emission scanning electron
microscopy (FESEM) image (at 80,000% magnification).
The FESEM image of the products predominantly shows
nanosheets along with nanoparticle crystals. The particles
or structural features range in size from approximately 15
nm to 45 nm.

Fig. 3. FESEM image of tablet-formed mayenite.

CONCLUSIONS

In this work, by generating *in situ* pores during catalyst
shaping, a significant increase in SSA was achieved
directly from the industrial shaping process and
subsequent binder removal. Although the initial
hydrothermally synthesized mayenite powder exhibited a
low SSA (6.72 m*/g)—typical for materials calcined at

high temperatures—the shaping process itself was
deliberately designed to create porosity. The addition of
polyvinyl alcohol (PVA, 10 wt%) and graphite (1 wt%) as
pore formers and binders, followed by their thermal
removal during calcination at 600 °C, acts as a sacrificial
templating step. During calcination, the PVA decomposes
and combusts; its volumetric removal leaves behind a
network of interconnected pores and voids within the
pressed tablet structure. Concurrently, the graphite
particles oxidize to CO.. Furthermore, the nanocrystalline
nature of the mayenite, with primary particles in the tens
of nanometers range, further contributes to the
development of a textured, porous architecture.

This process led to more than a threefold increase in
SSA (from 6.72 to 21.73 m*g). This gain is critically
important for catalysis, as it directly increases the number
of available surface sites for subsequent active phase
deposition and reactant adsorption. The method efficiently
combines material synthesis and catalyst shaping into a
cohesive process. The shaping step is not merely for
forming a mechanically stable pellet; rather, it is an active,
functional step in tailoring the final catalyst's texture.
Further research is warranted to optimize the key synthesis
parameters: PVA and graphite content, calcination
temperature, and pressing pressure.
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