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Abstract: The use of membrane to determine the separation of CsHs, N2, O2 and CO; from CH4 through
composite alumina/zeolite and alumina/silica membrane was evaluated. Physical properties of the modified
membrane were investigated by SEM micrographs. Results indicate that the permselectivity of the
membrane depends on the material that was used for surface modification. The SEM micrographs confirm
zeolite is distributed in the alumina support matrix homogenously. Single gas permeation tests were carried
out at a pressure range of 0.01 to 0.1 MPa. The Fickian approach assumes that the transport diffusivity of
gases through the zeolite membrane is dependent on the operating temperature and hence the flux of
carbon dioxide, nitrogen, methane, propane and oxygen was determined at 372, 473 and 573 K and the
activation energy of the gases was determined. On the basis of the results obtained it can be concluded that
temperature did affect the flux of gases in the zeolite membrane and the Fickian model can be used to
determine transport through the zeolite layer.
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. Introduction

The production of crude oil from wells that tab into sub-sea reservoirs is facilitated by large systems of offshore
production units that are located close to one or more sub-sea wells in an oil field. At these production units, the
removal of contaminants from the crude oil is carried out. After which the crude is transported from the offshore
production unit to onshore storage facilities or refineries via pipelines. However, new wells are being drilled at
remote locations, where the sea bottom has uneven terrain; hence the use of pipelines becomes complex and
relatively more expensive. There is apparently the need for a cost effective and environmentally safe system for
the effective transportation of crude oil from remote offshore facilities to onshore refineries (1). Although the
transport system does not appear complicated, each segment has its challenges. The major complexity for crude
oil transportation is the location of the oil well. With increasing distance there is no real competitive choice to
the shuttle tanker (2).

The global increase in remote oil fields found has increased the need for the use of shuttle tankers as a means for
transporting crude oil as well as motivated research into the use of membrane technology as a viable option for
the recovery of hydrocarbons from crude oil during shuttle tanker loading and offloading operations. In the last
few years, the potentialities of membrane operations have been widely recognized. In some preliminary
investigations, polymeric membranes such as silicone rubber have been used. The membranes that are more
permeable to lighter hydrocarbons are the polyacetylene polymers, the microporous absorbent carbon and the
silicon rubber (3). Though they have high selectivity, they cannot withstand harsh chemical environments as
well as high temperatures. While ceramic membranes have adequate thermal and chemical durability (4). The
use of ceramic membranes has grown considerably both academically as well as industrially and they can be
used for several applications. They are generally more fragile and expensive to fabricate than polymeric
membranes but they can withstand more rigorous separation conditions that include high temperatures or
corrosive solvents(5).

Ceramic membranes do not only have higher thermal and chemical stability but have higher permeability as
well (4). There are several types of support used for these membranes. The support used includes zeolites,
silica, alumina and stainless steel (6).

The process of mass transport through a zeolite layer is as a result of the following five steps (7), (8):

Intra crystalline permeation through a zeolite membrane can be described using various approaches (9). The
Fickian approach uses the concentration gradient as the driving force in a zeolite membrane while in the
Maxwell-Stefan (MS) approach the driving force is the gradient of the thermodynamic potential. The MS
approach allows for the approximation of the flux through the membrane for multicomponent gas mixtures by
using the information from single gas permeations (10). For the permeation of single gas components through a
zeolite membrane in a wide range of temperatures, the Fickian approach can be followed and the assumption
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that the total flux N is the combination of the surface flux Ns which takes place at low to medium temperatures
and the activated gaseous flux Ng which is prevalent at high temperatures (11), (8), (7).

N= N+ N, [71

The surface flux can be expressed as:

Ny = D% [8]

Where dc/d; is the concentration gradient and Ds is Fick’s diffusivity and is given by:

Dy = D,T [9]

D, is the intrinsic or corrected diffusivity and I is the thermodynamic correction factor and is expressed as:
r= 228 [10]

dinc;
Where P; and c;are the pressure and concentration of the component i respectively.
The transport diffusivity is dependent on the temperature and this is more apparent at higher temperature. The
assumption of an Arrhenius type dependence on temperature is assumed (10)
D, = De Epirf/RT [11]
The dependence on the temperature will be affected by the adsorption of the component on the zeolite as well as
the operating conditions of temperature and pressure. At elevated temperatures, the adsorption phenomena can
be negligible and thus the molecules can be considered to be in a quasi-gaseous state in the zeolite framework
which is referred activated Knudsen diffusion or gas translational diffusion. When this occurs the flux is
expressed as:

_ Dgdp
Ny = RTdz [12]

Where dp/dz is the pressure gradient and the permeance driving force. The diffusion coefficient that is
dependent on the gas molecular velocity is given by:

D, = dyu,,e /T [13]

Where dp, is the pore diameter and unm is the average velocity.

For ideal gases, the kinetic theory can be used to calculate the molecular velocity:

8RT
Uy = W [14]
From the equations above, it can be seen that gas transport through a zeolite membrane is dependent on the
adsorptive interaction between the permeating gas molecule and the zeolite. The permeating flux is supposed to
increase with increase in temperature. This is true for a defect free zeolite membrane, in the presence of defects

in the zeolite layer, Knudsen and viscous flow can contribute to the overall flux (10).
Il. Experimental

The membrane was prepared by the dip-coating method (Fig. 1). All reagents were purchased from Sigma-
Aldrich. A solution (Table 1) containing Silicone oxide, aluminium oxide, sodium oxide and deionised water
was prepared and homogenised at room temperature for 20 hours. Zeolite crystals were rubbed on alumina
support then dipped into the solution and kept for 20 hours at 343 K. The membrane was washed with deionised
water and the pH of the rinse water was monitored. When the rinse water pH was neutral the membrane was air
dried for 20 minutes and thermally treated in the oven at 338 K for 2 hours prior to permeation test.

Table I: Composition of the modification solution

Silicone oxide 1ml
Aluminium oxide 10 ml
Sodium hydroxide 14 ml
Deionised water 798 ml
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Figure 1: Membrane preparation process
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I11. Results and Discussions

—AE/RT

Jo = Jexp
This equation can be re-written as:
Inj, =In] — 2—5

Where J, is the flux (mols'm2), J is the Arrhenius-type pre-exponential constant (m2sY), T is the temperature
(K), R is the molar gas constant (8.3144621 JmolK1), AE can be expressed as the activation energy of surface

diffusion or heat of adsorption.
Using the straight line equation:
y=K-—-mx

A plot of InJ, against%can be used to determine the activation energy. A positive slope indicates the heat of
adsorption; however, a negative slope indicates activation energy of surface diffusion.
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Figure 2: Effect of temperature on the flux of (a) carbon dioxide, (b) methane, (c) oxygen, (d) propane and
(e) nitrogen.

From the graph (fig. 2) the activation energies of the gases was calculated using equation (2) and presented in

Table 1.

Table I1: Activation energies calculated from flux and temperature dependence

gas Activation energy (Jmol™)
Cco2 134.449

Methane 226.7104

Oxygen -425.592

Propane 239.1156

Nitrogen -260.742
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The value of the activation energy of a gas is an indicator of the barrier for the transport of that gas through a
membrane. Lower value of activation energy of oxygen and nitrogen represents a lower resistant for this gases
through the zeolite and support layer. The result indicates that the adsorbing gases on the surface of the zeolite
layer are carbon dioxide, methane and propane. This is expected transport mechanism of gases through a zeolite
layer.
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Figure 3: SEM micrographs if the zeolite layer.

The zeolite layer is seen from the SEM pictures and the crystals are deposited on the alumina support, although it
can be observed that the pore diameter is not uniformly distributed.
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