M embr ane Separ ations

What i1s a membrane?
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A membraneis...

...a physical barrier (no recessarily solid)
that gives, or at least helps, the separation
of the componrents in a mixture.
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The sorting cemon...
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- Membrane processees are not based in
thermodynamic equilibrium but based in the
different transport rate of ead species through the
membrane.

- The membrane market is still growing. In the
1986-96 decade, the sales related to membrane
products and systems doubl ed.

- In 1998, these sales were over 5000 milli on €.
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SEPABATION PROCESSES AND MECHANISMS
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Advantages

» Energy savings. The energy consumptionisvery low as
there is no phase dange.

» Low temperature operation. Almost al processes proceal
at room temperature, thus they can ded with compounds that
are not resistant at high temperatures.

e Recovery. Both the cmncentrate and the permede could be
recovered to use.

« Water reuse. When applied to recver water, they avoid the
transport of large water volumes and permit the reduction d
the Chemicd Oxygen Demand (COD) loading in sewage
plants.
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Advantages

« Compact operation. Which permits to save space.

» Easy scale-up. Because usually they are designed in
modues, which can be easily conneded.

« Automatic operation. The most of the membrane plants are
managed by expert systems.

» Tailored systems. In many cases, the membranes and
systems can be spedficdly designed acmrding the problem.
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Disadvantaqges

* High cost. Membranes (and associated systems) are
costly, but for low seledive separations.

o Lack of sdlectivity. In many cases, the separation fadors

are still | nsufficient.

 Low fluxes. The permea flowrate avail able ae still toolow

for some gplicaions.

» Sensitiveto chemical attack. Many materials can be
damaged by aads, oxidants or organic solvents.

» Lack of mechanical resistance. Many materials do nd
withstand abrasion, vibrations, high temperatures or presaures.
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- The membrane operations more widely used are
those based in applying a pressure difference
between both sides of the membrane.

e Microfiltration (MF).
o Ultrafiltration (UF).
 Nanofiltration (NF).

* Reverse osmosis (RO).

Micro Filtration (MF)
(10-0.1um)
Bacteria, suspended particles

TNRRe

Ultrafiltration (UF)

e (0.05-0.0050m)

Colloids, macromolecules

Nanofiltration (NF)
5e3-5.e4 um
Sugars, dyes, divalent salts

\\x/“
R

Reverse Osmosis (RO)
(1.e*1e5pum)
Monovalent salts, ionic metals

Water

- Although similar in appearance, the mechanisms
involved in the separation can be very very

diff erent.
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Name of the membrane processin function
of the particle size.
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... and till more.
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- There are other separation operations where a
membrane is the responsible of the la seledive
separation of the compounds:

. Dialysis.. | * Gas permedion (GP).
» Electrodialysis (ED). | iqid membranes.
* Pervaporation.

- In ahers, the membrane is not diredly
responsible for the separation but it actively
participates.

» Membrane extraction.

* Membrane distill ation.

e Osmotic distill ation.
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Filter Media

Treated

Dead-end Cross-flow

Types of filtration operation.
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CA,f’ CB,f

e i
(Concentrate)

CA,r’ CB,r

>

Permeate
(Filtrate)

CA,p1 CB,p

Simple scheme of a membrane module.
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- Synthetic membranes are solid barriers that all ow
preferentially to pass gecific compounds due to
some driving force.

(Very) Simple scheme for some mechanisms of
selective separation on a porous membrane.
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- The separation ability of a synthetic materia
depends on its physicd, chemical properties.

» Pore size and structure
* Design
 Chemicd characteristics

e Electricd charge
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- The membranes can be roughly divided in two
main groups: porous and non porous.
- Porous membranes give separation due to...
e Sze
e shape
* charge
...of the species.
- Non porous membranes give separation due to...
* seledive asorption
e diffusion
...of the species.
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Main parameters.

- Rgection, R, if there isjust one component (RO)

-C C
R(%) = 100[@“ AP E: 100%— AP E
Caf Caf

- Separation factor - Enrichment fador
Gn g = Cap/Cp _Ba By = AP
"~ Caf/Cgt Bs Cat

for two or more component
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Main parameters.

- In RO, often we use the Recovery (Y)

Y (%) = b 100
f

Q,: Permeate flowrate (m?/s)
Q;: Feed flowrate (m3/s)
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Main parameters.

- Passve transport in membranes. The permede
flux is proportional to a given driving force (some
differencein a property).
Flux(J) = Constan{A) L]
[Driving Force(X)

Driving forces:

* Presaure (total or partial)
e Concentration
* Eledric Potential
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Main parameters.
Membrane processes and driving force.

Feed Permeate Driving
Process phase phase Force

Microfiltration L
Ultrafiltration L
Nanofil tration L
Reverse Osmosis L
Diayss L
Eledrodidyss L
Pervaparation L
Gas Permesation G

OO rr O O
~REERRBREK
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Main parameters.

- Permede flux.

In MF and UF, porous membrane modd is assumed,
where the stream fredy flows through the pores. Then,
the transport law follows the Hagen-Poiseuill e equation.

_Qw _ el® AP
S Anm smﬁrﬁij

J,,: Solvent flux (m3/s-m?)
Q,: Solvent flowrate (m?3/s)

A Membrane area (m?) r: Pore radius (m)
d: Membrane thickness(m) g: Porosity
H: Viscosity (Pa -s) T: Tortuosity

AP: Hydraulic presaure difference (Pa)
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Main parameters.

- The &ove model is goodfor cylindricd pores. However,
If the membrane is rather formed by aggregated particles,
then the Kozeny-Carman relationis preferred.

JuzQu= & AP
Am Kml[SBZECl.—S)Z d

Jy: Solvent flux (m%s-m?)

Qu: Solvent flowrate (md/s)

S. Particle surface area (m?/m?d)

K: Kozeny-Carman constant d: Membrane thickness (m)
A Membrane aea (m?) W: Viscosity (Pa -s)
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- In the operations governed by the presaure, a
phenomenon cdled concentration pdarisation appeas,
which must be caefully controlled. This is due to the
solute acaimulation reighbouing the membrane surface

FrmrrreT e S S e e S S e S e S e P e S
m ern b r ar] e et setdasiatii st S s A

membrane %5
Permede

Formation of the polarisation layer.
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- Concentration polarisation.

Flux vs. Pressure

water

Rl alic

onc. Polarization

PRESSURE

(It isnot fouling!!!)
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- Fouling:  lrreversible
reduction of the flux
throughout the time.

« Pore sgze
Irreversible
compounds.

reduction by
asorption  of

* Pore plugging.

« Formation d a gel layer over
the membrane surface (cake).
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- Fouling: Cake.

» The presence of a c&e is included in the transport
mecdhanism by the aldition d a new resistance due to
the c&ke layer.

AP

— L6
(R +R)

Flux. J,= Resistance (R,): R¢ =1, [T,

c

r .. spedfic resistance of the cake  |: cake thickness
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- Fouling: Cake.
Kozany — Carman relationship:
m
_1g0 1-8)° . = :
. =18 [(d.)2€%] [ps(1-€)A]
mg cake mass
%: cake layer porosity . — Solute density
< Solute particle diameter —membrane area

If the rglection is 100% in dead-end filtration,

CbV C,: bulk concentrat?on
I = c.. cake concentration
CcA V: filtrate volume

Thenthefluxis

_1ldv _ AP 1 1 r (¢
J=— = = +EAC b%
A dt E?m +rccbVE J J, PLle.

CA

J,,: water flux
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- Fouling: back pressure.

FLUX 4

A A A h IN‘ with backflushing
\ \

without
baclkflushing

TIME

Alternate pressuring and
depresauring and by changing
the flow direction at agiven
frequency.

Flux versustime behaviour in agiven microfiltration

process with and withou badk-flushing
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After agiven period of time, the
feed pressureisreleased and the
direction of the permeate reversed
from the permeate side to the feed
sidein arder to remove the fouling
layer within the membrane or at the
membrane surface.




