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Membranes separation processes
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Benefits and Drawbacks

n.._._as a.:39.:..33_..3»_.___._.._;:_s_ni._..
ounds,

@ Fouling
@ Partal selectivity

@ Limited ifespanmechanical stabiity is reduced, damaging due to the
panod ¢ chamcal washing! d "

@ Relatve high Now rates e requined — pumping cost

Separation with a membrane
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1. Introduction
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Types of membranes

Definition of a membrane

. A Permsl, el ane” B Sekecive barmier batweon 2 phases alowing

ctive M
specific mass frans!

. _...-.-l..i.!!- has he abslity to ransport one camponent more readily than
ol

. The selectv transfer hrough the memb be diflerences i

piyoecal ar e chan sl properies Estasen e et ane a1 Tia
permaaling compon enls (speces size. afinity...)

1.1 The membranes
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2.1 Pressure driven membrane
processes

Centrale<
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Vocabulary used

» Feed, Residus or retentats and permeate
+ Prassure drop

When a liquid flows through a pipe a pressure drop | cbserved across the flow
qgeametry due 1o friction with the wall

« Transmembrane pressure

+ Pormeate flux, J (m"8"m or m.s)

2. Overview of membrane
processes

Centrale>
Méditerrande 1+

Membranes materials

" pan ﬂhﬁ.ﬂs.l&.iﬂ%mi%ﬂhﬁt:i

Chemical, mechanical and thermal stability
Only avadable in plan and lubular geom etries
Smal pore size membmne not available
broakable

Cost



Applications of ultrafiltration:
electrocoat paint
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(ideal case, dilute solutions)

Ultrafiltration (UF) Reverse osmosis
+ Suilable Tor retaining macromolecules and colloids. « Suitable for retaining salts
. Polyman i wsmts

matenals - v compodite dense membrane
A 10m< po <100 nm) Vporwito <2rn]
+ Palymeric mambranas: colislos iacatate, | . o
» Separation based on size and shape of the sclutes relative 1o he pore size aromate pofyamice, polyamsde et]
{sving machansm) _I‘I“I. o e e =1 o
- Marmbrano stiechity s haraciadged wit e « Cutof »; soule molaciar . :ri!w!:-.ze;uu.oe! N w “ “..”,.
o, B  Damm gy L
Dairy ik, whey, cheess making) = = . The principio is based on -
Food {potato starch and protein) ¢ SRR IR, |
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Ay pessinston (set concentraban of m.., i—
| R |
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+ Membrane material: polysrmide

- Microfiltration (MF) - Nanofiltration (NF)

+ Suitable far retaining suspensions and emulsions
+ Separtion of partices

+ Symmetic and asymetric porous mambranes (100 am < o sies < 10 ) . T —
» Palymenc and coramic membranas materiats - Sieven mecharism l Arvonic Membranos | Cacl>NaCl>Na S0,

« Applied prossure relatively high (10-25 bar)
+ Acompiex separafion principle:

« Applied pressure low (< 2 bar) Exclusan of Dannan. m Casonic Membranes  Na,50,>NaCl>CaCl;
. retungion of bi wons and SO OGN
on partide size

= Apglicatons:

ok st e and + Applications:
Cell harvestng Dusabnaton of eackish walie
Clarificaton of fruit juice, wine and beer Rumeesl of micropelutents.

Uirapure water in the semiconductor

Fnteribon of Vos
- dyes {lexbos industry|

Applications of ultrafiltration:
cheese making
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(as separation

2.2 Concentration driven
membrane processes

Centrales>

Applications of reverse osmosis: .
e tion
seawater desalination Gas separatio

« Fractionation of & gas mixture based on partial Iransport under pressure
« Transport mechanisms:

Knudsen diffusion (porous membrana, d,< 100 nen): maan ¥ee path of the
gas molecules grealer than the pore dameter

Nedecuiar Sieve §,3204) P ok (4p)_®lap)
Solufion + ' 1 I
a o DS
and selectvity T
« Aoplications

- Envicthmant of uraniam haxafiueride {separtion factor1,0084)
At wgaar sbon o Gt Crpgan-schid a¢ i nirgen-annichd s
Defrydeation of natural gas, sir condiBoning and drying of compessssd sr
B0y COz and NOx removal o wmoke and fue gas.

Applications of reverse osmosis: Pervaporation
seawater desalination Dehydration of (bio)ethanol
I.Hl = Vapor Permeation System Ethancl Recy

Applications of reverse osmosis: .
seawater desalination Parvaporation

« Alguid mixiue is i L e feod a1
prossure and a low vapour pressure existing on the permeats side thanks o

a vacuum pump
+ Non-porous Composite membranes with an elastomer or glassy polymeric
lop laryer
« Process invohing a sequence of 3 steps:
Selective sorplon into the maembrane on the feed side
‘Selective difusion through the membrane
Desorpion ino a vapour phase on the parmeate side
« Apphications:
Duydeaion of organic schvent
Rarnoval of vl organe compounds fom waler (@conol, asomabics. chicrnated
hydrocates
Separation of somens (o-xyiens, m-xydes, payiine.. |




Electrodialysis

= 3.1 Modules design

2.3 Electrically driven membrane .
processes 3. Modules and process design

Dialysis

. s olecular
+ Homogeneous mambranes (10 unm < hickees < 100 )
. caluloss) : paly
winyl alcohol... ) maberials
+ Sepam & i sokon difiusion
Aes cpsemum must by P o el
+ Applications:
- Meoha reduction in beer
- Desainaton of snsymes and comuymes
- Al recevry in D B0 pape industry
u
e e mmmaae
Gas separation = Electrodialysis
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Hollow Fiber Module:

. Two veida the Sber
{= inside-cut ») or on e cutside (« cutside-in =}
+ The packing density (fiber-diameter-dependent) : 500 - 30 000 mim? &

Tubular Module

R

= []
!
+ Mot seif-supporting membranes: they are placed inside a porous
stainloss sivel, ceramic or plastic fube with the diameter of the lube

asing mors han 10 mm
+ The packing density : 10 - 400 mm*

Spiral-wound Module

. G dosest 1o e flat
Sats of 2 membranes are placed in @ sandwich-ite fashion with fair
fend sdes facing sach olher

* The packing density : 100 - 400 . m

Dead-end operation

-~ o Cake lnyer
Thickness

~
m f’
Marbrane f/
L_4s | N Pommeats
Se Flux

Time

+  The feed is forced through the membrane

in e tead increases

of rjected

+ Fux dedine becauss of cake grow
+  Used very frequanty in microfiliration

3.2 System design

* Vibration of
membrane surface.
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Continuous system Some examples

Batch with a feed

Batch System

. ba used for small-scale
. EEI&!-..!.,E.!I with time
+ Rucirculaion system: loop

Cross-flow operation

s
oy L
womorane MMM | el W -
e
Cakn layer
Thickness.
Tires
The foed o a
Reduced concentration polarization
Lower fauling tendoncy
A proforrod for industrial



Concentration Polarisation

Factor of polarieation =<
o N
. When a deving lorcs acts on the
. Retsned sohule
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d enriched in
the solute
. Conssquences
Flux will e lower:

Retention can be lower. low malecular weignt sokules such as salts

Retention can be higher _zzskiﬁnio_%
augmentabion de la pression asmolique =l L TR, =1- L.
Camobic pressure wil ba highar

Osmotic pressure
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4.1 Main phenomena

4. Main phenomena.
Dimensioning elements

Centrale+ >
Midhemanbs

Permeate flux

J Pure

| "4 Cancentration of polarisation
dom - solvant +
fouing solule

Zone 1 Zone 2 AP

In the case of pure solvant  influence of hydrodynamic resistance
(@ membrane constant) Ry
In the case of a mixture

Zone 1 linear variation 0 mfvu!l»“-i.i-_...u
AP ] ap L
| layer »

4.2 Influence of operating conditions.
Main trends

I

Fouling

+ Avery complex phenomancn
+ Difficuit to describe thaorically
+ The (ifreversible deposition of retained parides. colloids,
MACTOMOMCUINS  — chsiruchon des pores.
Adsomtion
Pore bioding
procipitation
- Cake fomation
« Flux dedine
+ Selactiity changs

. duce foulng: mambrane
propedties, module and process condibons, deaning

Concentration Polarisation

+ Influsnce of fow condiions: velocity, viscosity, density, solute difusion costcient
+ Use of turbulence promoters:
An ncremsed mass tranfr cosficient
- Spacer
Added mpechic promclems




Influence of concentration f
Membrane cleaning

Hollow fiber Module Dextran TS00 [ Yeh 1996]
% Chemical cleaning

ag= 4=10" mmol! Pa! % Backflush cleaning
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Experiments on a pilot scale

% Determination of the suitable aperating condiions

Mona of mulb-stage system

Preliminary step

% Analysis of e feed 1o be reated

Physical and chemical characlerisics

% First expadiments on a labscale
chaice of he mernbrane
{material, cutt-off)

4.3 Dimensioning elements
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Membrane cleaning
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‘The solution-diffusion moadel

s

i=-L=F i
dpt, = RTdIn(y }+ Fap  (niosnce of compositon and sresmurs)
=i+ RT3 W P p-p,, )

= g+ RTIn(r% }+ RTIn—L (oo gas)
Pins

1 i e, mambra

Assumptons:.
« thie side of quilirium with the membrane
malerial al the inlerface
throughout thy stant at gh
i, LRT di
RN - -
o 5
D,
oM o a BT o de |, Dle
) € dr dx

5.1 Membrane transport theory
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5. Membrane transport theory
and modeling

Centrales.
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Membrane area

\ | _}Homﬁ.m -0 G
t Ic,

¥ Scaling-up

the liquid path is kept constant

mombrane ared is proporional 1o the feed volume of 1o he
faad fow rate

e anial walocity is kept constant

e reaiment duration is kept constant



