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Abstract−The adsorption dynamics of zeolite 13X, 10X and 5A beds was investigated for recovering ethylene (C2H4)
from fluidized catalytic cracking fuel-gas. As a feed gas, a ternary mixture (CH4 : C2H4 : C2H6) and a model FCC fuel-
gas (CH4 : C2H4 : C2H6 : C3H6 : N2 : H2) were used for breakthrough experiments. In the ternary mixture, the concentra-
tion profiles showed similar patterns in all zeolite beds. C2H4 showed higher adsorption affinity than the others in all
zeolites and zeolite 5A had the highest adsorption capacity of C2H4. In the six-component mixture, the breakthrough
curves in the zeolite 5A bed showed similar patterns to the results of the ternary mixture. Although weak adsorbates
could be removed during the adsorption step, CH4 and N2 imparted a steric hindrance to the initial stage of C2H4
adsorption in the zeolite 5A bed. Since vacuum desorption contributed to producing a high purity of C2H4, a pressure
vacuum swing adsorption process was recommended to recover C2H4.
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INTRODUCTION

Olefin and paraffin are widely used as a feedstock, but they are
mainly produced as a mixture of paraffin/olefin. Therefore, it is
important to have a process to separate olefin from paraffin. A low-
temperature distillation (cryogenic) process has been used for many
years. However, since this conventional process requires high invest-
ment cost, operating cost and energy cost, it is not always possible
to justify this process of producing olefin from an economic stand-
point.

C2H4 and C3H6 are the two most important bulk products of
petrochemical industries. Fluid catalytic cracking (FCC) fuel-gas
contains significant amounts of light olefin, on the order of 13-20
mol% C2H4. This fuel-gas also contains 30-35 mol% simple gases,
such as H2 and N2, and typically more than 30mol% CH4. The C2H4

recovery from the fuel-gas has been also performed convention-
ally by low temperature and/or high pressure distillation. There-
fore, it is essential to develop a novel process for this separation to
conserve energy. For this reason, adsorption technologies have re-
ceived considerable attention as a strong candidate technology to
recover C2H4 from FCC fuel-gas [1-3].

Adsorptive separation processes are particularly viable alterna-
tives because the process allows one to increase the separation fac-
tor between olefin and paraffin, resulting in a cost reduction of the
separation process. Commercially available adsorbents such as sil-
ica gel, alumina, activated carbon and zeolite have been evaluated

in the adsorption processes. Zeolite, in particular, has been a major
contender as the primary adsorbent for light hydrocarbon separa-
tion due to its high selectivity in the low pressure range. In addi-
tion, the divalent cations in zeolites function as strong adsorptive
centers and they can interact with a strong quadrupole moment of
C2H4, which enhances the recovery of C2H4 from light hydrocar-
bon mixtures [4-6]. For C4 separation, a metal complex or metal
ion impregnated adsorbents using π-complexation capabilities have
also been developed to improve olefin/paraffin selectivity [7-9].

Pressure swing adsorption (PSA) processes have been widely
applied for separation and purification of gas mixtures in petro-
leum refining and the petrochemical industry due to its low energy
consumption and high efficiency. The PSA process has demon-
strated great capability to produce H2 from various mixtures [10,
11]. Furthermore, the possibility of propylene recovery using PSA
has also been reported [12]. However, to recover propylene in the
adsorbed phase as a product, or to improve the efficiency, a vac-
uum is applied to the process, referred to as vacuum swing adsorp-
tion (VSA), even though the addition of a vacuum increases the
energy requirements [13]. It was reported that a VSA process using
silver nitrate impregnated clay adsorbent could adequately separate
C2H4 from an C2H4/C2H6 mixture [2]. If fuel-gas can be supplied
to the adsorption process, the pressure vacuum swing adsorption
(PVSA) process can improve the separation efficiency without any
additional compression energy [13,14]. Moreover, when the adsorbed
component is strongly adsorbed, hot inert gas is often supplied to
the adsorptive process (temperature swing adsorption; TSA) even
though this increases the consumption of thermal energy [15].

For a well-designed PSA process, it is necessary to establish the
characteristics of adsorption and desorption dynamics. Breakthrough
experiments can provide basic information regarding adsorption
and desorption dynamics [10,11]. Adsorbent characteristics and
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separation performance of the adsorption bed can also be observed
from breakthrough experiments.

We investigated the adsorption dynamics of C2H4 mixtures in
the bed packed with zeolite through breakthrough experiments.
Considering the pore size and cation of zeolite, three pelletized
zeolites (zeolite 5A, 10X and 13X), which are commercially avail-
able, were selected. Their breakthrough characteristics were stud-
ied with a ternary (CH4 : C2H4 : C2H6; 52.5 : 24.6 : 22.9 mol%) and
a six-component mixture (CH4 : C2H4 : C2H6 : C3H6 : N2 : H2; 32.0 :
15.0 : 14.0 : 2.0 : 12.0 : 25 mol%). The three-component mixture
was studied to understand the dynamic behaviors of the C1-C2
mixture on the zeolite bed before using the six-component mix-
ture, which had a composition that reflects that of FCC fuel-gas
common in the petrochemical industry. The temperature profiles
in zeolite beds were monitored to understand the dynamic charac-
teristics of each component during adsorption, desorption by blow-
down and/or vacuum, and re-adsorption using the six-component
mixture. The results of the adsorption and desorption dynamics
may contribute to the design of cyclic adsorption processes such
as PSA, TSA and PVSA.

EXPERIMENT

Two different C2H4 gas mixtures were used as feeds. The ternary
mixture (CH4 : C2H4 : C2H6=52.5 : 24.6 : 22.9 mol%) consisted of
major C1-C2 components contained in FCC fuel-gas so that it could
contribute to understanding the adsorption characteristics of major
carbon components. A six-component mixture (CH4 : C2H4 : C2H6 :
C3H6 : N2 : H2=32.0 : 15.0 : 14.0 : 2.0 : 12.0 : 25.0 mol%), which reflects
the composition of actual FCC fuel-gas, was used. Zeolite 5A, 10X,
and 13X were chosen as adsorbents and their characteristics are
listed in Table 1.

A schematic diagram of the breakthrough experimental appara-
tus is shown in Fig. 1. The column was fabricated from a stainless
steel pipe of 3.5 cm ID, 100 cm length, and 0.5 cm wall thickness.
The amounts of adsorbent packed in the column were 722, 725.4
and 729.2±2 g for zeolite 5A, 10X and 13X respectively. Prior to
the experiments, each adsorbent was activated at 350 oC for 12hours.
After the adsorbent was packed into the column, it was purged by H2.
Then, the adsorption bed was initially saturated with H2 (99.9999+%)
at 2 atm to protect adsorbents from outside contaminants [7]. There-
fore, in the study, breakthrough experiments were in a clean bed
condition.

Thermocouples were installed at several locations along the col-
umn to measure temperature variation during adsorption and de-
sorption steps. A mass flow controller, calibrated by a wet gas meter
was used to accurately control the feed flow rate. The adsorption
pressure was fixed by a back pressure regulator that was installed

at the top of the column. Feed and effluent concentrations were
measured by a mass spectrometer (Balzers QuadstarTM 421) within
±0.1 mol% accuracy. To compare performance among the adsor-
bents, the feed rate and adsorption pressure were fixed at 4 LSTP/
min and 4 atm, respectively. 

After completion of the adsorption breakthrough experiment,
the bed was used in the desorption study. First, desorption dynam-
ics were studied by a blowdown step from 4 atm to 1 atm (that is,
depressurization). Then, the best adsorbent with respect to adsorp-
tion capacity in the breakthrough experiments was tested with an
additional desorption step under vacuum conditions because vac-
uum desorption led to the recovery of C2H4 of high-quality. Since
the bed pressure was changed during the blowdown and vacuum
desorption steps, the gas velocity in the bed slowed over time. As a
result, the gas velocity could not be specified in these steps even
though it was controlled by a valve, similar to the blowdown and
vacuum steps in the PSA process.

RESULTS and DISCUSSION

1. Adsorption and Desorption Dynamics of a Ternary Mixture
The experimental breakthrough curves on a zeolite 13X bed using

Table 1. Characteristics of the adsorbents

Type Pellet size
(cm)

Pellet density
(g/cm3)

Bed density
(g/cm3)

External void
fraction

Heat capacity
(cal/gca)

Zeolite5A Granular 0.157 1.16 0.80 0.32 0.32
Zeolite10X Pellet 0.115 1.10 0.82 0.31 0.42
Zeolite13X Granular 0.105 0.93 0.69 0.25 0.42

Fig. 1. Experimental apparatus for breakthrough experiment.
MS. Mass spectrometer MFC. Mass flow controller
TC. Thermocouple PT. Pressure transmitter
BPR. Back pressure regulator VP. Vacuum pump
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a ternary mixture (CH4 : C2H4 : C2H6=52.5 : 24.6 : 22.9 mol%) are
presented in Fig. 2. Since the bed was saturated by H2 at 2 atm to
protect adsorbents from outside contaminants, the bed was pres-
surized by the feed gas up to 4 atm before breakthrough experi-
ments. Since H2 is the weakest adsorbate in the feed used in the
study, it is expected that H2 molecules in pore and surface on zeo-
lites can be replaced easily by the adsorption of other molecules
[18]. In addition, even though CH4 is a stronger adsorbate than
H2, it will also work as a weak adsorbate compared with other com-
ponents (C2H4, C2H6, C3H6) in the feeds. For the initial period, there-
fore, levels of H2 and CH4 were observed because those compo-
nents, which are weak adsorbates, moved to the bed end during
the pressurization step.

CH4 was the first breakthrough component, followed by C2H4

and C2H6 with about 300s intervals. The roll-up phenomenon of
CH4 and C2H6 results from the fact that weakly adsorbed compo-
nents lose their adsorption sites due to the competitive adsorption
of more strongly adsorbed components [12].

In the equilibrium-driven separation process, the effluent con-
centration of some components may exceed their steady inlet value
in the breakthrough curve. This phenomenon is attributed to the

displacement of the weakly adsorbed (or lighter) components by
more strongly adsorbed (or heavier) components [11,14,15,20]. How-
ever, the difference in the sorption rate or the steric hindrance by
pre-sorbed adsorbates in the pore mouth also contributes to the
sorption dynamics and roll-up in the kinetic-driven separation
process [21-24].

In the case of H2, the breakthrough curve descended drastically
with the steep breakthrough of CH4 and then decreased slowly until
the breakthrough of C2H4 occurred. The plateau of the CH4 con-
centration profile showed a slightly increasing slope with a smooth
decrease of H2 concentration. This result implied that the adsorp-
tion of CH4 was hindered by the strong adsorbates at the initial
stage. In addition, a small peak of C2H4 was observed as the con-
centration of CH4 increased. The micropore size of zeolite depends
on the type of zeolite because zeolites are well-defined structural
porous materials. However, since the zeolite pellet is made of zeo-
lite crystals and binder, it showed two additional pores of 3.8 nm
(pore size distribution: 3.1-4.4 nm) and 34.7 nm (pore size distri-
bution: 18.7-61.4 nm) in average pore size. And the pore volumes
were 1.8*10−2 cm3/g and 1.0*10−1 cm3/g, respectively.

Since the adsorption affinity of C2H4 is stronger than that of CH4,
this peak does not stem from the competitive adsorption between
C2H4 and CH4. In the study, molecules can be occupied in the meso-
pore and macropore of the zeolite pellet without any significant
competitive adsorption among molecules because the mesopore
and macropore space among zeolite crystals is made at pelletiza-
tion. Therefore, it was presumed that a small amount of C2H4 also
came out from mesopore and macropores of the zeolite pellet with
CH4 when the adsorbed CH4 was desorbed by C2H4 and C2H6.

The concentration of C2H4 was slightly higher than that of C2H6

before the simultaneous breakthroughs of both components. How-
ever, the roll-up of C2H6 had occurred by C2H4. Therefore, the re-
sults implied that the adsorption affinity of C2H4 with the double
bond is stronger than that of C2H6 in terms of equilibrium-driven
separation, but its adsorption rate on zeolite 13X is slightly slower
than C2H6 from the viewpoint of kinetic-driven separation. And
the adsorption breakthrough curves were mainly affected by the
equilibrium difference, but kinetic effects also contributed a little
to the adsorption dynamics. This could be confirmed by blowdown
desorption.

After the adsorption experiment, a desorption phenomenon was
observed by applying the blowdown step to the adsorption bed satu-
rated by the feed gas. The concentration of CH4 was detected at
about 50 mol% in the early stage and decreased gradually to about
half of the feed composition because CH4, a relatively weak adsor-
bate, came out from the bed void and adsorbents. The C2H4 desorp-
tion concentration increased gradually to more than 40 mol% due
to its high adsorption selectivity, but the C2H6 desorption concen-
tration was slightly higher than its feed concentration in Fig. 2(b).
The result confirmed that a greater amount of C2H4 than C2H6 can
be adsorbed and a certain amount of C2H6 is displaced by C2H4

adsorption due to higher adsorption affinity of C2H4. Therefore,
the roll-up of C2H6 was naturally observed from the adsorption
breakthrough result in Fig. 2(a). The result also indicated that CH4

could not be fully replaced by the strong adsorbates, C2H4 and C2H6,
in zeolite 13X during the adsorption step due to the steric hindrance.

Fig. 2. Concentration profiles during (a) adsorption and (b) blow-
down desorption in zeolite 13X bed with ternary mixture.



Adsorption breakthrough dynamics of zeolites for ethylene recovery from fluid catalytic cracking fuel-gas 811

Korean J. Chem. Eng.(Vol. 32, No. 5)

As a result, a certain level of CH4 was occupied inside the adsor-
bents and CH4 desorption took relatively a long time by simple
depressurization.

The breakthrough curves in the zeolite 10X bed are shown in
Fig. 3. The concentration profiles display trends similar to those of
the zeolite 13X bed shown in Fig. 2, but the breakthrough time of
each component was elongated. The breakthrough time of CH4

was extended and the plateau of CH4, which was more than 90mol%,
remained until 900 seconds, compared to the results of the zeolite
13X bed. Moreover, the breakthrough times of C2H4 and C2H6 were
significantly longer and the roll-up of C2H6 was higher than those
in the zeolite 13X bed. This behavior implied that the adsorption
affinities and capacities of C2H4 and C2H6 in zeolite 10X were higher
than those in zeolite 13X.

In Fig. 3(b), the desorption concentration profiles at the blow-
down step show similar concentration profiles to those of the zeo-
lite 13X bed. However, due to high adsorption capacity, the final
concentration of C2H4 was higher than that in zeolite 13X during
the blowdown desorption.

The breakthrough curves and blowdown desorption curves in
the zeolite 5A bed are presented in Fig. 4(a) and (b). The break-

through time of each component in the zeolite 5A bed was slightly
higher than that in the zeolite 10X bed in Fig. 3(a) and (b). The dif-
ference in breakthrough time among adsorbents may have stemmed
from the difference in both the adsorption equilibrium and the mass
transfer resistance [13]. The difference in adsorption affinity between
C2H4 and C2H6 was slightly higher in the zeolite 5A bed than in
zeolite 10X bed.

Fig. 3. Concentration profiles during (a) adsorption and (b) blow-
down desorption in zeolite 10X bed with ternary mixture.

Fig. 4. Concentration profiles during (a) adsorption (b) blowdown
and (c) vacuum desorption after the blowdown step in zeo-
lite 5A bed with ternary mixture.
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The main difference between zeolite 5A and the other beds was
observed at the initial stage of the breakthrough curve. Compared
to zeolite 10X and 13X beds, the C2H4 concentration was much
higher than the CH4 concentration at the initial stage, and the peak
concentration of C2H4 at the CH4 breakthrough point was much
higher. The result implies that the π-bonded C2H4 does not easily
pass through the pores of zeolite 5A, which has the smallest micro-
pores in the study, during the pressurization step. The C2H4 in mac-
ropores, which occupied pore space and was not adsorbed in the
micropore, flowed out through the bed with the quickly desorbed
CH4 from micropores and, thus, the peak concentration of C2H4

was observed at the initial stage. As a result, regardless of adsorp-
tion affinity, the adsorption rate of C2H4 in the micropores seemed
to be slower on zeolite 5A than the other bed materials.

The breakthrough results showed that the adsorption of C2H4

was significantly stronger than C2H6 and C2H4 in the zeolite pores.
It is reported that this effect must be due to the specific interac-
tions between the C2H4 π-bonds and the cationic sites in the zeo-
lite micropores [6]. In addition, according to the overall experimental
results, it can be concluded that zeolite 5A is the most appropriate
adsorbent for C2H4 adsorption among the three tested zeolites.

As shown in Fig. 4(b), the C2H4 concentration in the zeolite 5A
bed during the blowdown desorption was slightly higher than the
other zeolite beds. However, the blowdown step was not sufficient
to recover the adsorbed C2H4, unlike the results in the other zeo-
lites. Therefore, vacuum desorption was applied to the zeolite 5A
bed after the blowdown desorption. And concentration profiles
were presented in Fig. 4(c). However, the flow rate with time was
significantly decreased during vacuum desorption. A trace amount
of molecules was desorbed from about 100 seconds because the
vacuum had already reached the desired pressure (3.8*10−2 torr).

C2H4, with a concentration of up to 96 mol%, was produced
during the initial stage of the vacuum step and its plateau continued
for a certain period of time. When the desorption of C2H4 abruptly
decreased, the concentrations of CH4 and C2H6 increased; how-
ever, the concentration of C2H4 was still greater than the other com-
ponents. After about 100 seconds, most adsorbed C2H4 had desorbed
from the zeolite 5A bed on a molecular level. In summary, highly
concentrated C2H4 could be recovered by vacuum swing adsorp-
tion. However, to improve the purity of recovered C2H4, the vac-
uum step time needed to be divided into two parts in the cyclic
process design: production time and regeneration time.
2. Adsorption and Desorption Dynamics of the Six-component
Mixture

The zeolite 5A bed showed the best performance among the tested
zeolite beds to separate C2H4 from the ternary mixture. Therefore,
the adsorption and desorption dynamics of the zeolite 5A bed was
studied again by using a six-component mixture (CH4 : C2H4 : C2H6 :
C3H6 : N2 : H2; 32.0 : 15.0 : 14.0 : 2.0 : 12.0 : 25 mol%) which simu-
lates the typical composition of FCC fuel-gas.

Fig. 5 shows the results of breakthrough and blowdown curves
in the zeolite 5A bed. Since the mass spectrum of C2H4 and N2 is
identical in a mass spectrometer, the breakthrough curves of these
gases were expressed in a combined curve.

In Fig. 5(a), the concentration profile of H2 shows a similar roll-
up phenomenon at the initial breakthrough period compared to

the results of the ternary mixture in Fig. 4(a). However, the shapes
of both roll-up profiles are a little different from each other, show-
ing the H2 roll-up before the breakthrough of C2H4+N2 in FCC
fuel-gas and before the breakthrough of C2H4 in ternary mixture.
Note that the concentration profile of C2H4+N2 in the six-compo-
nent mixture shows a similar concentration profile of C2H4 in the
ternary mixture at the early stage of adsorption, but the roll-up height
and time of C2H4+N2, as well as the inflection of the H2 concen-
tration profile are different from the result of the ternary mixture
before the breakthrough of CH4. These results imply that N2 mole-
cules, along with C2H4 molecules in the macropores, were trans-
ported out with CH4 molecules at that time. The prominent roll-
up of CH4 was extended to the breakthrough time of C2H6 and the
small roll-up of C2H4+N2 profile was observed at the same time
due to the breakthrough of C2H4. However, the breakthrough of
C3H6 was not observed until 4,500 s. By using the adsorption pro-
cess, H2, N2 and CH4 can be removed from the FCC fuel-gas in
the adsorption step. However, N2 and CH4 molecules may impart
a steric hindrance effect on C2H4 adsorption at the initial stage of
adsorption in the zeolite 5A bed. Moreover, since the adsorption

Fig. 5. Concentration profiles during (a) adsorption and (b) blow-
down under 4 LSTP/min feed flow rate and 4 atm in the zeo-
lite 5A bed with six-component gas mixture.
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of C3H6 will occupy the adsorption sites strongly, this will lead to a
decreased adsorption capacity of C2H4 and the difficulty of regen-
erating the zeolite 5A bed.

Fig. 5(b) shows concentration profiles during blowdown desorp-
tion. Gas chromatography (GC) was also used to analyze C2H4 and
N2, and each concentration of C2H4 and N2 was described by sym-
bols on the desorption curve. N2 was mainly desorbed as shown
in the desorption curve of C2H4+N2 at the early stage followed by
a gradual increase of the desorbed concentration of C2H4. More-
over, an increase of the C3H6 concentration was not observed. This
result indicates that desorption of olefin (C2H4 and C3H6) is more
difficult than other components simply through the depressuriza-
tion of the zeolite 5A bed. Since C2H4 and C3H6 molecules were
captured in the cages of zeolite 5A, vacuum desorption should be
applied to the adsorption process as shown in the ternary mixture
result in Fig. 4.

In the study, the six-component mixture contains a small amount
of strong adsorbate (C3H6) as well as relatively weak adsorbates
(N2 and H2) in the feed (CH4 : C2H4 : C2H6 : C3H6 : N2 : H2=32.0 :
15.0 : 14.0 : 2.0 : 12.0 : 25.0 mol%). In addition, the mass-to-charge
ratio of C2H4 and N2 is identical and C1/C2 components are rela-
tively dilute compared with the ternary mixture. As a result, it is
difficult to determine the concentration profiles at the vacuum
step and to evaluate the desorption characteristics. In the ternary
mixture, the temperature excursion at the bed end agreed well with
the breakthrough curves because the heats of adsorption reflect
the adsorption amount and affinity [18]. Therefore, even though
the propagation of temperature profiles is a little faster than that of
MTZ, the dynamic behavior in the adsorption bed can be predicted
indirectly by the temperature profiles [25,26]. We did not observe
concentration profiles during vacuum desorption, but studied the
temperature variation to elucidate the desorption indirectly.

Fig. 6 shows the temperature profiles during the breakthrough
and blowdown steps in the zeolite 5A bed, which were located at
10, 50 and 80 cm from the feed end. One temperature excursion
was observed at 10 cm because the mass transfer zone (MTZ) of
each component was not separated at that position. However, through
the propagation of MTZs, the temperature excursion was split into
three parts, which might stem from the adsorption of N2/CH4, C2H6,
and C2H4/C3H6, respectively. Then, the propagation length among
the temperature peaks became more and more extended along the
bed (80 cm) due to the difference of MTZ velocities. The tempera-
ture of each point decreased smoothly after an abrupt increase and
the temperature profiles showed tailing due to the heat transfer
effect.

As shown in Fig. 6(a), the maximum excursion reached 60 oC
(40 oC increase), which implied the strong adsorption of C2H4 and
C3H6 on zeolite 5A. On the other hand, the temperature variation
at the blowdown desorption was relatively small, showing a 5 oC
decrease along the bed. Moreover, no temperature excursion was
observed. This highlighted the relatively weak adsorbates (N2, CH4,
and C2H6), which were mainly desorbed by the blowdown step while
C2H4 and C3H6 were still strongly adsorbed on zeolite 5A during
depressurization. As a result, a vacuum step is required to produce
the adsorbed olefins, but the purity of C2H4 will strongly depend
on the concentration of C3H6.

Fig. 7 shows the temperature excursions of the re-adsorption
breakthrough experiment after blowdown desorption in the zeo-
lite 5A bed. The temperature increase was much smaller than that
in Fig. 6(a). Moreover, a decrease in temperature profile was ob-
served, showing two temperature peaks along the bed. Such tem-
perature variations came from the replacement of weak adsorbates
by the adsorption of strong adsorbates. Since the heats of adsorp-
tion and desorption occurred simultaneously, the temperature de-
crease indicated competitive adsorption/desorption among strong
adsorbates, C2H4, C2H6 and C3H6. As a result, only a small amount

Fig. 6. Temperature profiles during (a) breakthrough adsorption
and (b) blowdown desorption in zeolite 5A bed with six-com-
ponent gas mixture.
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of the strong adsorbates could be replaced by the weak adsorbates
because zeolite 5A was almost saturated by the strong adsorbates
even after blowdown desorption. On the other hand, the tempera-
ture profiles of adsorption in the zeolite 5A bed regenerated by the
blowdown and vacuum desorption were similar to Fig. 6(a), but
the duration of the temperature excursion was shorter.

According to the results from the ternary and six-component
mixtures, a rinse step by the product (C2H4) may be needed to im-
prove product quality in a cyclic process. In addition, pressure vac-
uum swing adsorption (PVSA) using zeolite 5A is recommended
to recover C2H4 from the FCC fuel-gas. Furthermore, even though
the concentration of C3H6 in the feed is small, it can have a signifi-
cant effect on the efficiency of the overall separation process using
zeolite 5A.

CONCLUSION

The adsorption and desorption dynamics in zeolite 5A, 10X and
13X beds were studied to recover C2H4 from the FCC fuel-gas mix-
ture by using a ternary mixture (CH4 : C2H4 : C2H6; 52.5 : 24.6 : 22.9
mol%) and a six-component mixture (CH4 : C2H4 : C2H6 : C3H6 :
N2 : H2; 32.0 : 15.0 : 14.0 : 2.0 : 12.0 : 25 mol%).

The breakthrough curves in the ternary mixture showed simi-
lar patterns in all adsorbent beds. The breakthrough of CH4 oc-
curred first with a drastic decrease of H2 concentration followed
by those of C2H6 and C2H4. The breakthroughs of C2H4 and C2H6

were nearly simultaneous and there was a roll-up of C2H6 due to the
competitive adsorption between C2H4 and C2H6. Zeolite 5A showed
the highest adsorption capacity for C2H4. When blowdown desorp-
tion was conducted in the bed after the adsorption experiment, high
C2H4 purity could not be obtained because of the strong adsorption
of C2H4. After blowdown desorption, the purity of C2H4 reached
close to 90 mol% during vacuum desorption in the zeolite 5A bed.

The breakthrough patterns of the six-component mixture in the
zeolite 5A bed were similar to those in the ternary mixture. How-
ever, N2 molecules imparted certain effects on the breakthrough
dynamics, which was expected even as it is a relatively weak ad-
sorbate. Moreover, due to the strong adsorption of C2H4 and C3H6,
a large temperature excursion was observed in the adsorption step
and a small temperature variation was monitored in the blowdown
desorption. In addition, the temperature excursion of the re-adsorp-
tion after blowdown desorption showed a small variation of tem-
perature. These results confirmed that zeolite 5A was almost saturated
by the strong adsorbates, C2H4 and C3H6, and blowdown desorp-
tion could not remove that which was adsorbed in the pores of Zeo-
lite 5A. Furthermore, a limited vacuum step time and relatively high
regeneration pressure are generally applied to the adsorption cyclic
processes to save energy and capital cost. As a result, it was not possi-
ble to fully regenerate zeolite 5A by the vacuum step in the adsorp-
tion cyclic processes.

Based on these results, N2 and CH4 molecules may impart a ste-
ric hindrance effect on C2H4 adsorption at the initial stage of the
adsorption step in the zeolite 5A bed. In addition, the adsorption
of C3H6 can critically affect the overall separation efficiency even
though its concentration may be small in the feed. Therefore, a de-
tailed design of the pressure vacuum swing adsorption (PVSA) pro-
cess is necessary to study the adsorption rate of each component
on Zeolite 5A. A product rinse step should also be considered to
recover C2H4 with high purity from FCC fuel-gas.
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