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Adsor ption Properties of the SAPO-5 Molecular Sieve
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The adsorption properties of an aluminophosphate molecular sieve, SAPO-5, were measured for a number
of gases and vapors, including N,, water, isopropanol, and xylenes. The data showed that SAPO-5 is quite
hydrophobic and has a strong selectivity of o-xylene over its isomers m- and p-xylene.

Introduction

Zeolite molecular sieves (ZMS) have well-defined pore
structures that can separate different species on the molecular
level based on adsorption or diffusion selectivity. They aso
possess high thermal, chemical, and mechanical stabilities
because of their inorganic crystalline nature. Hence, ZM S have
been widely used in gas/vapor separations, membrane reactors,
chemical sensors, and optoelectronic devices'? A notable
example is the AFI (one of the zeolite framework type codes)
type of aluminophosphate molecular sieves AIPO-5 and its
derivative SAPO-5, which contains one-dimensional hexago-
nally arrayed straight channels paralel to the crystallographic
c-axis with a pore opening of 0.73 nm.2 AIPO-5 consists of
alternatively linked aluminum tetrahedra and phosphorus tet-
rahedra which form a neutral framework, whereas in SAPO-5,
a portion of aluminum or phosphorus is replaced by silicon,
resulting in a charge unbaanced framework. Acidity or ions
can thus be introduced into the structure of SAPO-5 for specific
applications such as catalysts, ion-exchangers, and adsorbents.*~”

Although the adsorption properties of AIPO-5 have been
reported in a number of studies,® * few reports have studied
SAPO-5 crystals, especialy the plate-like crystals. Compared
with rod-like SAPO-5 particles, plate-like ones, which possess
alarger surface area,'® are more popular in membrane fabrica-
tion* and adsorption applications. In addition, plate-like
SAPO-5 crystals can be conveniently synthesized with micro-
wave heating, which compares favorably with the use of
conventional heating techniques in preparing AlPO-5,1315:16

Thisarticle will report the adsorption properties of gases and
vapors on SAPO-5 crystals. It is well-known that AIPO-5 can
selectively adsorb xylenes;*® hence the isotherms of xylene
isomers were also reported.

Experimental Section

Isopropanol (anhydrous) was purchased from BDH Prolab.
p- and m-Xylene (0.99, Reagentplus), o-xylene (0.97, Reagent-
plus), and triethylamine (TEA, 0.995, Sigma-Aldrich) were
supplied by Sigma-Aldrich.

Plate-like SAPO-5 seeds were synthesized by microwave
heating from a precursor solution with a molar composition of
1 A|20308 onsl 80235 TEA:50 Hzo The detailed
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Figure 1. SEM image of SAPO-5 crystals with the XRD pattern in the
inset.

procedure was described in Hu et a.** The obtained SAPO-5
crystals were calcined at 540 °C for 8 h to remove the organic
template.

The X-ray diffraction (XRD) pattern was taken from a Bruker
D8 advanced X-ray diffractometer with Cu Ko radiation. The
scanning electron microscopy (SEM) image was taken from a
field-emission scanning electron microscope (JEOL JSM-
6700F). Prior to the sorption measurement, all of the samples
were degassed at 200 °C for 24 h under high vacuum (< 0.01
Pa). A pore and surface analyzer (PSA, Quantachrome, Au-
tosorb-1) was used to measure the N, isotherm at 77 K. The
bulk density of the sample was measured on an Ultrapycnometer
1000 (Quantachrome corporation). Water and isopropanol
isotherms were measured on the PSA using its vapor sorption
function. The isotherms of xylene isomers were also measured
on avolumetric rig. A fixed-bed breakthrough experiment” was
conducted at 100 °C, in which the binary mixture of p- and
o-xylene (50:50 volume fraction) was directed through the
column (L = 100 mm, d; = 4.25 mm) packed with 0.98 g of
SAPO-5. The concentration of the gas at the outlet was
monitored by a GC with flame-ionization detector (FID).

Results and Discussion

The SEM image of the SAPO-5 crystals is shown in Figure
1, which reveds that the crystals possess a well-defined
hexagonal disk shape with a short dimension aong the c-axis.
They are quite uniform, 5 um in width and 1.5 um in thickness,
with abulk density of 2.31 g-mL 1. The XRD pattern is shown
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Figure 2. N, isotherm at 77 K on SAPO-5 crystals (pp = 100 kPa).
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as the inset of Figure 1, which matches well with the standard
pattern. The Si/Al ratio of these plate-like crystals was found
to be 0.05:1.*°

Figure 2 shows the N, isotherm measured at 77 K on the
SAPO-5 crystals. The Sger derived from multi-point analysis
is342.3 m?-g L. The sharp rise of the isotherm at low pressure,
theflat plateaus, and the absence of a desorption hysteresis loop
suggest that the sample is predominantly microporous.

The isotherms of water and isopropanol were measured at
(283 and 293) K, respectively, and are shown in Figure 3 parts
a and b, respectively. From the isotherms of water in Figure
3a, we can see that the surface of SAPO-5 is quite hydrophobic,
without showing any hysteresisin the desorption isotherms. The
adsorption isotherms of water on SAPO-5 are concave at both
(283 and 293) K in the low pressure region where p/p, < 0.2.
The adsorption almost stops at p/p ~ 0.4, which may cor-
respond to the filing of the micropores/channels. The adsorption
isotherm of isopropanol (Figure 3b) is largely type | at low
pressure. However, its adsorption capacity is only ~1/10 that
of the water molecules, because of its large molecular dimen-
sions. There is no obvious hysteresis found in the desorption
of isopropanol.

The adsorption isotherms of xylenes at 303 K are shown in
Figure 4. We see that the adsorption equilibrium was reached
at low pressure (p/po < 0.1), corresponding to the filling of the
micropores. The persistent uptake at high pressure is caused
by adsorption in interparticle space.

The adsorption data of xylenes were fitted to the Langmuir
equation
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Figure 4. Isotherms of xylene isomers on SAPO-5 crystals at 303 K.
Langmuir isotherm with C,s = 0.782 mmol-g ™%, b = 636.453 kPa* for
o-xylene; C,s = 0.520 mmol-g~%, b = 78.635 kPa* for m-xylene; and C,s
= 0.516 mmol-g~%, b = 170.7804 kPa* for p-xylene.

bP

C/’Sl + bP

where C, is the adsorbed phase concentration; C,s is the
adsorption capacity; b is the affinity; and P is the bulk phase
pressure. The fitted parameters are listed in the caption of Figure
4, while the adsorption data of water, isopropanol, and xylene
are listed in Table 1. Table 2 compares the xylene adsorption
capacities on a few ortho-selective materias. It is seen that
AIPO,-11 presents the lowest capacity, while the microporous
meta —organic framework (MOF 1) gives the highest capacities
but the lowest selectivity. The adsorption capacities of SAPO-5
is dightly lower that of AIPO-5° but with an improved
selectivity. Thismay be due to the introduced silicon. The silicon
substitution brings in unbalanced charge and Lewis centers
which affect the interaction between the xylenes and the SAPO-5
framework.

The preferential adsorption of o-xylene in the SAPO-5
crystals was explored in separation applications. Figure 5
demonstrates the fixed-bed separation of xylene isomers (o-:
p-xylene = 1:1 by volume). The breakthrough curves were
plotted as the normalized concentration against time. We see
that p-xylene penetrates the column much faster than o-xylene,
while o-xylene, which is slowly moving but more strongly
adsorbed, can displace p-xylene from the ZM S channels/pores.
The difference in breakthrough time and the strong overshoot
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Figure 3. Isotherms of water (a) and isopropanol (b) at (283 and 293) K. Solid symbols (M, ¥) are the adsorption data, while open symbols (O, v) show
the desorption data. The inset plots show the adsorption isotherm in terms of relative pressure.
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Table 1. Isotherm Data of Water, |sopropanol, and Xylenes on SAPO-5

pressure adsorbed pressure adsorbed pressure adsorbed pressure adsorbed
kPa mmol -g* kPa mmol -g~* kPa mmol -g~* kPa mmol -g*
H,0 (283 K)
0.019 0.019 0.505 7.272 1.008 8.253 0.742 7.714
0.126 0.832 0.637 7.527 1.120 8.649
0.250 6.316 0.788 7.796 0.971 8.171
0.377 6.975 0.898 8.008 0.867 7.947
H,0 (293 K)
0.026 0.007 0.954 7.075 1.532 7.850 1.269 7.542
0.239 0.871 1.127 7.286 1.686 8.019 1.243 7.435
0.476 5.883 1.283 7.470 1471 7.900 0.945 7.060
0.715 6.731 1.416 7.666 1.362 7.786
Isopropanol (283 K)
0.091 0.534 0.497 0.607 2.253 1.322 0.634 0.621
0.138 0.555 0.699 0.628 1.79%4 0.742
0.183 0.568 0.982 0.635 1.182 0.662
0.239 0.578 2.082 0.780 0.779 0.630
I sopropanal (293 K)

0.089 0.406 0.455 0.506 4.369 1.053 1.082 0.552
0.176 0.460 0.894 0.536 3.227 0.759 0.796 0.530
0.264 0.482 3.310 0.735 1.943 0.622
0.353 0.494 4.294 0.829 1.399 0.578

o-Xylene (303 K)
0.010 0.680 0.028 0.725 0.184 0.755 0.932 0.821
0.014 0.708 0.112 0.737 0.387 0.794

m-Xylene (303 K)
0.014 0.284 0.088 0.430 0.186 0.472 1.157 0.538
0.048 0.412 0.112 0.461 0.365 0.511

p-Xylene (303 K)
0.01 0.3216 0.088 0.469 0.399 0.511
0.019 0.410 0.162 0.475 0.643 0.539

Table 2. Comparison of Xylene Adsorption Capacities among .
Different Ortho-Selective Materials Conclusion

SAPO-5 AIPO-5°2 A|PO,-11'8* MOF 1<
(%gg") (Wggh) *ggh) *gg)
o-xylene 8.302 10.828 4.250 29.5
m-xylene 5.520 8.068 28.6
p-xylene 5.478 7.644 3.791 29.0
difference between 2.824 3.184 0.459 0.5
o- and p-xylene
difference between 2.782 2.76 0.9

o- and m-xylene

2 Data measured at 303 K. P Data measured at 333 K. © Data obtained
from the breakthrough curves at 423 K.
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Figure 5. Breakthrough curves of o- and p-xylene mixture (1:1 in volume)
on SAPO-5 at 100 °C.

of p-xylene is a good indication of the adsorption as well as
the kinetic selectivity of the ZMS SAPO-5 toward the xylene
isotherms.

The adsorption isotherms of N,, water, isopropanol, and
xylene isomers were measured on plate-like SAPO-5 crystals.
It is shown that the ZMS present a hydrophobic surface and
strong adsorption selectivity toward xylene isomers. The separa-
tion of o- and p-xylene is feasible on a fixed-bed rig.
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