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A mesostructured Y zeolite was prepared by a surfactant-templated
process at the commercial scale and tested in a reﬁnery, showing
superior hydrothermal stability and catalytic cracking selectivity,
which demonstrates, for the ﬁrst time, the promising future of
mesoporous zeolites in large scale industrial applications.
Zeolite Y has been the primary active component of ﬂuid
catalytic cracking (FCC) catalysts since its ﬁrst commercial
introduction about 50 years ago.1,2 This is mainly because of
the unique combination of a few important properties of
zeolite Y: (1) high surface area and relatively large pores
(B7.4 Å in diameter); (2) strong Brønsted acidity; (3) excellent
thermal and hydrothermal stability; and (4) low cost. When
other zeolites are used as active components in FCC catalysts,
their catalytic performance (activity and product selectivity)
cannot quite compete with that of zeolite Y because of
deﬁciency in some or all of those mentioned above.2
Despite zeolite Y’s wide-spread use in catalytic cracking, it
has long been recognized that the 7.4 Å micropores in zeolite
Y still imposes signiﬁcant limitations, especially under FCC
conditions.3 Easing this diﬀusion limitation by introducing
larger pores into zeolite Y crystals helps reduce bottoms by
allowing larger hydrocarbon molecules in the feed to diﬀuse
into the crystals and get cracked into desirable products. At
the same time this also shifts the product selectivity towards
more valuable gasoline, LCO and LPG by allowing them to
diﬀuse out before they are over-cracked to form undesirable
coke and dry gases.4
A new area of research emerging from the relatively mature
ﬁeld of zeolite is focusing on introducing wider pores (typically
mesopores of 2–50 nm in diameter) into zeolite crystals by
primary synthesis or post-synthetic modiﬁcation approaches.5
The objective is to improve the diﬀusion of reactant and product
molecules into and out of the micropores where the catalytic
reactions take place. We recently reported a novel and versatile
surfactant-templating process for introducing highly-controlled
mesoporosity into many zeolites of any Si/Al ratios, which
represents the extension of surfactant-templating to zeolites.6
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We use ‘‘mesostructured’’ to deﬁne our zeolites instead of
more general terms such as mesoporous or hierarchical
to highlight the more precise control over the introduced
mesoporosity by use of surfactant templates, e.g. mesopore
size and size distribution (independent of Si/Al ratio), ordering
and connectivity as described elsewhere.6 The use of surfactants
also greatly helps increase the recovery factor and ﬁltration rate,
especially when compared with desilication where yields are
typically low and ﬁltration is slow. Well-controlled intracrystalline
mesoporosity in our materials is evidenced by TEM analyses.6
Steam deactivation demonstrated that the mesostructured
zeolite Y has excellent thermal and hydrothermal stability,
which is critical for its application in ﬂuid catalytic cracking.
Much improved catalytic selectivity, i.e. lower bottoms, coke
and dry gases and higher gasoline, LCO and LPG, was
observed in ACEs (Advanced Catalytic Evaluation) testing
of lab-deactivated FCC catalysts made from the mesostructured
zeolite Y.6 Herein we report the most recent progress in scaling
up this process and in testing the hydrothermal stability and
catalytic cracking performance in a reﬁnery, which represents
the most advanced stage of the development of mesoporous
zeolites for industrial catalytic applications.
After successful scale-up to the pilot scale, B30 ton of
mesostructured zeolite Y was manufactured in a commercial
zeolite manufacturing plant utilizing existing equipment. This is
the ﬁrst time that a mesoporous zeolite is prepared at a scale
relevant to industrial applications. The product showed very
similar characteristics to those made at the lab scale.6 The ultrastabilized (by calcination at B600 1C under autogenous steam for
B1 hour) mesostructured zeolite Y still maintained relatively
narrow mesopores, with a mesopore size distribution centered
around 45–50 Å (Fig. 1). After the laboratory steam deactivation
at 788 1C under 100% steam for 8 hours, the total mesopore
volume (20–300 Å) increased slightly from 0.13 to 0.15 cc g 1
while the external surface area dropped from 172 to 105 m2 g 1
(ESIw), as the mesopores became wider and the size distribution
broader as shown in Fig. 1. A TEM micrograph of the starting
NaY zeolite (Fig. 2a) shows the nicely faceted crystals with
perfectly parallel crystal lattice fringe lines. Fig. 2b–d show the
mesostructured zeolite Y crystals. While the crystals still maintain
the regular shape, they become more ‘‘foam-like’’ due to the
presence of intra-crystalline mesoporosity, as conﬁrmed by the
parallel crystal lattice fringes (Fig. 2d, inset, and ESIw) interrupted
by the introduced mesopores (lighter colored spots).
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Fig. 1 Argon adsorption–desorption isotherms and NLDFT diﬀerential
mesopore volume size distribution of the ultra-stabilized mesostructured
Y (red squares) and after being steamed at 1450 1F for 8 hours
(blue diamonds).

heated at 788 1C in 100% steam for 8 hours to properly
simulate the actual deactivation of catalysts in a real FCC
unit. While the two steamed catalysts have very similar
apparent crystallinity and unit cell size (ESIw), the MSA of
steamed GRX-3 is B13 m2 g 1 (or B28%) higher than that of
the steamed incumbent catalyst, suggesting that there is still
signiﬁcant mesoporosity remaining in the mesostructured
zeolite Y after the very severe hydrothermal treatment. ACEs
testing of both steamed catalysts using the same light vacuum
gas oil (VGO) feed from CountryMark (see ESIw for a
summary of the feed properties) shows clear advantage of
GRX-3 in product selectivity, mainly in reduced bottoms and coke
(ESIw), which is consistent with the presence of intra-crystalline
mesopores. Proﬁmaticss and PIMSs modelling predicted
signiﬁcant economic impact to the reﬁnery’s operation even at
its relatively small FCC unit throughput of B7400 barrels per
day, which convinced the operator to take on a 70-day trial.7
GRX-3 was added at the same rate as the incumbent
catalyst addition rate before the trial started, i.e. 0.7 tons per
day. The same amount of equilibrium catalyst was also
removed from the unit everyday to maintain a constant
catalyst inventory of 45 tons in the unit. This resulted in
B66% change-over from the incumbent to GRX-3 at the
end of the 70-day trial. Before and throughout the trial,
samples of the equilibrium catalyst were collected and monitored
periodically. Surface area measurements show that the ZSA of the
equilibrium catalyst shifted up slightly from B115 to B123 m2 g 1
(B7% increase), consistent with the slightly higher ZSA in fresh
GRX-3. More importantly, there was a dramatic increase in the
MSA of the equilibrium catalysts, from B30 m2 g 1 before
the trial to B50 m2 g 1 (B70% increase) towards the end of the
trial (Fig. 3), conﬁrming the hydrothermal stability of the
mesostructured zeolite in the FCC unit. It is important to also
note that B1000 ppm vanadium and B200 ppm nickel were
observed in the equilibrium catalysts. Vanadium is well-known
to cause damage to zeolites in FCC due to the formation of
vanadic acid under the hydrothermal conditions typical to FCC
operations.8 These observations are strong evidence that the
mesostructured zeolite Y in GRX-3 has excellent hydrothermal

Fig. 2 TEM images of (a) the starting NaY, (b, c and d) mesostructured
Y zeolites at various magniﬁcations (c and d are the close-up images of
the red-boxed regions of the corresponding crystals, which clearly show
the co-existence of the mesopores and the crystal lattice fringe lines).

The ultra-stabilized mesostructured Y was milled and mixed
with water, rare earth salts (to further stabilize the zeolite),
kaolin (as a ﬁller), and aluminium chlorohydrol (ACH, as a
binder) and spray-dried into B52 tons of FCC catalyst microspheres of B70 mm diameter. After proper calcination to set the
binder, the ﬁnal catalyst (named GRX-3) exhibits 250 m2 g 1
zeolite surface area (ZSA), contributed by the micropores of the
mesostructured zeolite Y, and B100 m2 g 1 matrix surface area
(MSA), contributed by the mesopores of the mesostructured
zeolite Y and kaolin and the ACH binder. In comparison, the
incumbent catalyst from CountryMark Reﬁnery (Indiana, USA)
that contains conventional zeolite Y exhibits 235 m2 g 1 ZSA
and 50 m2 g 1 MSA (ESIw).
Before testing the catalytic cracking performance of GRX-3
and the incumbent catalysts in the lab, both catalysts were
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Fig. 3 Zeolite surface areas (ZSA, squares) and matrix surface areas
(MSA, diamonds) of the equilibrium catalyst samples gathered from
CountryMark Reﬁnery FCC Unit every 2–3 days before (blue) and
after (green) the trial started at day 0.
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Table 1 ACEs test results of the equilibrium catalysts before the trial
and at the end of the trial (@66% GRX-3)
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Incumbent
Catalyst change-out
Catalyst to oil ratio
Conversion, wt%
Yield, wt%
Dry gas
LPG
Gasoline
LCO
Bottoms
Coke

GRX-3

0%
6.3
70.0

66%
6.2
70.0

1.5
16.0
49.4
19.2
10.8
3.1

1.4
16.4
49.4
19.5
10.5
2.8

stability and can withstand the harsh operating conditions in a
real FCC unit. Micro Activity Tests (MAT)9 of the equilibrium
catalysts showed that the catalyst activity remained the same as
before the trial, also attesting to the excellent hydrothermal
stability of the mesostructured zeolite Y, which contributes
most of the activity of the catalyst (ESIw). To the best of our
knowledge, this is the ﬁrst time that a mesoporous zeolite is
demonstrated to have adequate stability in FCC catalysis.
Other in-process parameters, such as ﬂue gas opacity and
ﬂuidization parameter, showed that GRX-3 catalysts behaved
normally as conventional incumbent catalysts.7
The catalytic performance of the incumbent catalyst and
GRX-3 was obtained by ACEs and DCRs (Davison Circulating
Riser) pilot plant testing of the equilibrium catalysts withdrawn
from the FCC unit right before and at the end of the trial (Table 1
and ESIw). Table 1 summarizes the ACEs test results of the
equilibrium catalysts of the incumbent and GRX-3 (at B66%
change-out). When compared at constant conversion of 70%, the
equilibrium catalyst that contains 66% GRX-3 yields signiﬁcantly
lower coke (B10%), as well as higher LCO and lower bottoms,
than the pure incumbent catalyst, which are very close to what was
observed from laboratory testing of the steamed catalysts before
the trial. Modelling results conﬁrmed that the economic beneﬁt of
GRX-3 is consistent with what was predicted before the trial.7
For the ﬁrst time, mesostructured zeolite Y was successfully
manufactured at the commercial scale by a unique post-synthetic
surfactant-templated process. The FCC catalyst made from the
mesostructured zeolite Y showed excellent hydrothermal stability
in both laboratory deactivation and a trial in a full scale
commercial FCC unit. The catalyst also yielded much improved
product selectivity compared to the incumbent catalyst, even at a
moderate change-out level of B66%. The results represent the
most advanced development to date of mesostructured zeolite Y
in catalytic cracking of petroleum, which suggests the promising
future of mesostructured zeolites in this large scale industrial
application.
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