


ABSTRACT
Dry asymmetric polyetherimide membranes were prepared by phase inversion technique
under different conditions to investigate their performance for separating volatile organic
compounds/nitrogen gas mixtures. The membrane performance was further tested under
different operating conditions such as operating temperature, feed vapour concentration and
the pressure on the permeate side of the membrane. A set of transport equations was
proposed for the membrane permeation of organic vapour/gas mixtures. The validity of the

transport equations was tested by their applicability to describe the experimental data.
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where V is the volumetric permeation rate (mL/min) of nitrogen gas, A is the effective film

area (m?). The permeability of nitrogen gas, Jy (mol/m?*s-Pa), is given by

Iy = Qn/AP (2)

where AP is the pressure difference across the membrane (Pa).
The following transport equations are used for the analysis of membrane permeation data

when the feed is a nitrogen gas/organic vapor mixture.

Qn = A[Py(1—Y3) — Py(1— Y3)] (3)
Q. = B{(PY1)? — (P3Y3)?] (4)
Y; = _ Qv (5)

Qv+QN

where @’s are permeation fluxes; P’s are pressures and Y’s are mole fractions of the organic
vapour. Subscripts N and v represent nitrogen and organic vapour, respectively. Subscripts
1 and 3 represent the feed and the permeate, respectively. It should be noted that, unlike
our previous paper,'? eq. 4 assumes that Q, is proportional to the difference in the square of
the partial vapour pressure on both sides of the membrane rather than the difference in the
partial pressure itself. This assumption was necessary because of the nonlinear dependence
of the permeation flux on partial vapour pressure as shown later in the experimental section.
Assuming further that the permeability of nitrogen gas is unaffected by the presence of

organic vapours in the feed,

A=Jn (6)


















from organic vapour/nitrogen gas mixtures.

2. The selectivity and the permeability of the membrane can be controlled by proper

adjustment of membrane preparation conditions.

3. Membrane performance data are affected by operating conditions such as temperature,

permeate pressure and feed concentration.

4. The proposed transport equations are applicable to analyze membrane permeation
data. For a given temperature these equations involve only two adjustable parameters
which are obtainable from one experiment for pure nitrogen permeation and one ex-
periment under a single set of permeate pressure and feed vapour concentration. These
parameters enable the prediction of the membrane performance for different permeate

pressures and feed vapour concentrations.
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Table I

Membrane Preparation Conditions

A PI-1 | PI.2 | PEI-1 | PEI-2 | PEI-3 | PEI-4 | PEI-5 | PEI-6 | PI)I-7 | PEI-8 | PEI-9
Casting solution compn, wt%
polyimide (2080) 25 | 25 - - | - - - - - - -
polyetherimide (1000) - - 13095 | 30.95 | 30.95 | 30.95 25 25 25 25 25
dimethyl acetamide 72.5 | 72.5 | 69.05 | 69.05 | 69.05 | 69.05 | 74 | T4 | 75 | T4 | T4
lithium chloride 2.5 | 25 - - - - - - - - -
lithium nitrate - - - - - - 1 1 - 1 1
Temp of casting solun, °C 45 | 22.5 23 23 23 22.5 24 24 23 22.5 23
Casting atmosphere a a a a a a a a a a a
Temp of casting atm, °C 22.5 | 22.5 23 23 23 22.5 24 24 23 22.5 23
Humidity of casting atm b b b b b b b b b b b
Solvent evaporation temp, °C 95 70 23 100 100 100 100 100 23 110 24
Solvent evaporation terp, min | 40 10 - 0.05 1.33 2 8 2 0.5 0.1 1.8 0.6
Gelation medium c ¢ c ¢ ¢ c c ¢ ¢ ¢ c
Gelation period, min 20 20 20 20 20 20 -20 20 20 24 20
Solvent for replacing water
in the film d d d d d d d d d d d
Solvent exchange time, hr 24 30 30 30 30 30 30 48 30 30 24
Drying of membrane e e e e e e e e e e e

a: ambient air; b: 60-65%; c: ice cold water (1-3°C); d: ethanol; e: air dried.
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