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ABSTRACT

gas produced from the combustion of fossil fuels is one of the main concerns
in controlling the green-house gas emissions. Among the various technologies
employed for gas separation, membrane technology due to its many advantages has
attracted more attentions.

Methods: A new blend membranes were prepared by solution casting/solvent
evaporation method from poly(ether-b-amide) (Pebax) — as a backbone structure — and
glycerol as an additive in the membrane matrix. CO, and N, permeability rates were
measured at pressures of 2-10 bar and temperature of 25°C. Afterwards, the CO/N,
gas permeation properties were determined. Moreover, the effect of different glycerol
loadings (0-25 wt%) in the membrane matrix and also the effect of feed pressure on CO,
permeability and CO,/N, selectivity were investigated. Morphological characteristics
of the prepared membranes were determined by field emission scanning electron
blend membrane, microscopy (FE-SEM), X-ray diffraction (XRD), differential scanning calorimetry

(DSC) and Fourier transform infrared (FTIR) analyses.

l l ypothesis: Carbon dioxide (CO,) separation from flue gases as a green-house

Pebax, Findings: The achieved results showed that by addition of glycerol to Pebax matrix,
glycerol, CO, permeability was decreased somewhat but the CO,/N, selectivity was considerably
carbon dioxide, increased. At pressure of 10 bar, CO,/N, selectivity of the blend membrane with
nitrogen 15 wt% glycerol was 172% higher than that of pure Pebax, while the CO, permeability

declined only by about 23%. Therefore, the blend membrane containing 15 wt%
glycerol with a good CO, permeability and a high CO_/N, selectivity was selected as
the optimum membrane. The FE-SEM observations revealed the compatibility and
homogeneity of glycerol in the Pebax matrix. The XRD analysis determined that the
addition of glycerol decreases the membrane crystallinity and the d-spacing between
the polymer chains. The DSC results revealed that the insertion of glycerol in the
membrane structure decreased the glass transition temperature. The FTIR spectra
showed no new absorption band except for those for the constituent species, which
suggests a physical interaction between Pebax and glycerol.
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Figure 1. Chemical structure of (a) Pebax 1657 (Based on
the manufacture's information the molecular weight of the
polyether block is reported (1500 g/mol), [33,34]), and (b)
glycerol.
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Fig. 2. A schematic of the membrane preparation procedure.
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Fig. 3. Schematic diagram of the experimental setup for the gas
permeability measurment: (1) gas cylinder, (2) pressure regula-
tor, (3) membrane holder, (4) downstream chamber, (5) pres-
sure transmitter, (6) pressure indicator, (7) temperature sensor,

(8) temperature indicator, and (9) constant temperature bath.
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Table 1. Some physical properties of Pebax 1657 and glycerol.

Density Melting Molecular
Material ) .
(g/em’) | point (°C) | weight (g/mol)
Pebax 1657 1.14 204 ~1438*
Glycerol 1.26 18.17 92.09

* Based on the data from ref. [34]. [YF] & el ulul *
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Fig. 6. DSC thermograms of the membranes: (a) pure Pebax
and (b) Pebax/Gl (15 wt%).
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Fig. 5. XRD patterns of the membranes: (a) pure Pebax, and
Pebax/Gl (b) 5 wt%, (c) 15 wt% and (d) 25 wt%.
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Table 2. The d-spacing and crystallinity values (based on the
XRD results) for the pure Pebax and Pebax/Gl (5, 15 and 25 wt%)

membranes.
Membranes Crystallinity (%) | d-Spacing (A)
Pebax 30.42 3.692
Pebax/Gl (5 wt%) 33.55 3.691
Pebax/Gl (15 wt%) 28.85 3.674
Pebax/Gl (25 wt%) 21.18 3.659
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Fig. 7. FTIR spectra of: (a) pure Pebax membrane, (b) Pebax/

Gl membrane (15 wt%), and (c) pure Gl.
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Table 3. Glassy transition temperature, melting enthalpy and degree of crystallinity values (based on the DSC results) of the pure

Pebax and Pebax/Gl (15 wt%) membranes.

Membrane Tg (°0) AH, Lo J/g) AH, . J/g) X, reo (%) X (%) X Total (%)
Pebax -52 22.313 25.987 22.35 25.25 2471
Pebax/Gl (15 wt%) -52.93 22.193 25.875 22.23 28.12 24.58
Glycerol® -70 - - - - -

*The T, data of glycerol was adopted from ref. [47].
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Table 3. CO, nad N, permeability, CO,/N, selectivity and the diffusion and solubility coefficients values of the gases in Pebax and

Pebax/Gl (5, 15 and 25 wt%) blend membranes at pressure of 2 bar and temperature of 25°C.

Co, CO, Diffusion | CO, Solubility N, N, Diffusion | N, Solubility | Diffusion Solubility Selecti
electivity
Membrane Permeability” coefficient™ coefficient™ | Permeability” | coefficient™ | coefficient™ | selectivity | selectivity ®/P)
P,
®.) (Deoy) (Seo) ) (D) Sy (Deo/Dy) | (SeoSy) o Pry
Pebax 51.02 50 0.0102 0.637 4.55 0.00140 11.00 7.29 80.2
Pebax/Gl (5§ wt%) 32.00 7.50 0.0427 0.346 0.852 0.00407 8.80 10.50 92.4
Pebax/Gl (10 wt%) 35.21 8.01 0.0440 0.234 0.335 0.00700 23.92 6.28 150.3
Pebax/Gl (15 wt%) 37.34 8.31 0.0449 0.195 0.281 0.00693 29.61 6.48 191.9
Pebax/Gl (20 wt%) 38.41 10.70 0.0358 0.296 0.718 0.00412 14.91 8.69 129.6
Pebax/Gl (25 wt%) 4532 18.40 0.0246 0.569 1.91 0.00298 9.65 8.26 79.6
*Permeability (1 Barrer =1x10"° cm*(STP).cm/(cm?.s.cmHg) (\ Barrer =\x\+™" cm*(STP).cm/(em*s.cmHg)) /5l 5*
**Diffusion coefficient (cm?/s)x10* (Omifs )+ 3 55 g 5"

*** Solubility coefficient [cm*(STP)/(cm®.cmHg)]
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Fig. 8. Effect of glycerol content and feed pressure on the

CO, permeability of blend membrane.
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Table 5. Properties of the gases used in this work [51].

Gas Kinetic diameter (A) Condensability (K)
CO, 3.30 195
N, 3.64 71
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