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Cost-Effectiveness Comparisons
for Nitrogen Systems

Membrane Separation Process

o Pressure-Driven Process
(Sieve Mechanism: Pore Size)
- Microfiltration (MF) : 0.1 - 1 um

- Ultrafiltration (UF) : 10 - 1,000 A
- Reverse Osmosis (RO) : 10 A

o Concentration-Driven Process
(Solution-Diffusion Mechanism)
- Gas Separation (GS)
- Pervaporation (PV)

50 (MCFH)



Gas Separation Process
EdEe FAEAAEI+)DY  FHAAFAA we e
Permeation Coefficient (34 )
Pi=DiSi
Selectivity ( Ideal Separation Factor: o] &1 x})
aij=Pi/Pj=(Di/Dj)(Si/Sj)
[diffusivity selectivity] x [solubility selectivity]

Controlling Factors for Selectivity

Inert Gas: diffusivity selectivity

Vapor or solvent: solubility selectivity

Membrane Gas Separation Scheme

1+] 1
lj
. 14 Ap,
Fick's Law: JFP;"L—'

combined effect of material (Pi), preparation (L),

module (A) and operation (Api)



Membrane Materials and Preparation

Membrane Materials

Fick's Law and Permeation Coefficient, Pj

Cl

where Ci=Sipi

Henry's law

AC:
Ji = Di“’fj! (combined effect of material and

operation condition)

Ap;
Jj= Py (separated effect)

1
where Pj=DjSi
Pi : permeation coefficient (53} A )
D; : Diffusion Coefficient (ZAFA<)

Si : solubility coefficient (-8-3] = A<)



Diffusion in Polymers

Interaction between Polymer and Penetrant
Size of Penetrant

Free Volume of Polymer and its Distribution
Rigidity of Polymer Chain

\ Rubbery Polymer

Glassy Polymer

MW of Penetrant

Sorption in Polymers

1. Rubbery Polymers
- Henry's Law
C= kDp
- Flory-Huggins Theory
In(ay) = In(¢y) + (1-¢1) + ¥ (1-¢1)2

where kp: Henry's law constant
a; : chemical activity
X, : interaction parameter
01 : volume fraction of penetrant

2. Glassy Polymers
- Dual Sorption
C = Cp + Cq = kpp + Cy'bp/(1+bp)
where Cy : hole saturation constant
b : hole affinity constant

_.87-._.



sd-sol vs press & temp

C'y = p*ldV, /dT - dV, /dTIIT, =T}/ V,
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Trade-Off between Permeability and Selectivity

Permeability Selectivity
Rubbery Polymer  high low
Glassy Polymer low high

Polymer Material Scientist:
to Increase Permeability and Selectivity Simultaneously



sd-perm vs selec O2
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Membrane Preparafion

Structure of Membranes

A

coated
layer
skin

porous
sublayer

Homogenecous Integrally Jomposite
Dense Skinned Membrane
Membrane Asymmetric
Membrane
A B C
Effective Thickness | very thick thinnest thin
Defect none inevitable caulked
[none (?7)] (healed)
Permeability very low highest medium
Selectivity highest none medium
[highest (?)]

Morphology of Composite Membrane

A

C

Integrally Skinned Asymmetric Membrane

A: Minimum defects in skin
B: Small pore and large number
C: Samll pore and large number
D: Defect-free skin

— 90 —




Preparation of Integrally Skinned Asymmetric Membrane

Material: amorphous
mechanically strong and tough
good permeation properties
thermally stable
ex: PSf, PES, PE], Cellulose Ester

Phase Inversion Method

Homogeneous >> Asymmetric Porous
Polymer Solution Membrane
Single Phase Two Phases

Phase Separation

Immersion Precipitation Procedure

Dope solution [P+S(+NS)]
Immersion in nonsolvent bath
Drying and aftertreatment
Coating and drying

Module

nEP=

Hollow_ Fiber Spinning Apparatus

Immersion Precipitation Process

Thermodynamics : average porosity
Kinetics: membrane morphology



Phase Separation Thermodynamics

ps-phase diagram (3)

Polymer

Homogeneoys
Solution

Miscibility Ga
\Y/-—————’—-E

Soivent Non-solvent

Polymer

Membrane
p Composition

Membrane

Casting Solution

Homogenseous

Mixture f,
Posiiad b Li, R
v/

Solvon!/’ Non-~solvent

/Phase Separation




Phase Separation Kinetics

Solvent-Nonsolvent Exchange Rate at Interface
Viscosities of Dope Solution and Bath Medium
Interaction between Solvent and Nonsolvent
Composition of Dope and Nonsolvent

Surface Properties of Dope Solution

Demixing Process

Instantaneous Demixing
Strong nonsolvent (ex. water)
Short or without air gap

Delayed Demixing
Weak nonsolvent (ex. solvent + water)

Dual bath
Dope Dope
Solution Bore. Solution

Liquid,

NS (Air)

Coagulation
Bath
(Water)

SN

Interface




Preparation of Composite Membrane

Asymmetric Membrane + Coated Layer

Coating Material: high permeability (low selectivity)
low viscosity

uniform and defect-free film
ex: PDMS

Coating Methods

Dip Coating

Interfacial Polymerization
Plasma Polymerization
Casting and Lamination
Langmuir-Blodgett Film

NP =

Module Configuration

1. Plate and Frame
2. Spiral Wound
3. Hollow Fiber
4. Tube in Shell

Characteristics of Module Configuration

Characteristics |{Plate and  Spiral Hollow Tube in
Frame Wound Fiber Shell

packing density [200-400 300-900 10,000- 150-300

permeate flux 0.3-1.0 0.3-1.0 0.004-0.1 0.3-1.0

(m3/m2 per day)

pressure drop medium medium high low

suspended solids |low- medium- high low

medium high




Material
Selection

Membrane
Formation

Module and
System
Configurations




