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Big particle small hole




So a membrane is really just a very Cranfield
fine screen..

So what can porous membranes Cranfield
remove

Mono Multi
water ions ions viruses bacteria SS

MF Pore size
microfiltration
Mono Multi
water ions ions viruses bacteria SS
UF MWCO
ultrafiltration

Separation by size exclusion (removes things bigger than pore size)
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So what can dense membranes Cranfield
remove

Mono Multi
water ions ions viruses bacteria SS

NF

nanofiltration

Mono Multi
water ions ions viruses bacteria SS

RO

Reverse Osmosis

Separation by diffusion/selectivity

Membranes are classified by the Cranfield
size of the holes
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Cranfield
So what can they NOT remove issn

No commercial successful
membrane exists to remove
uncharged inorganic
molecules such as hydrogen
sulphide and small
uncharged organics

High
maintenance




Membranes are defines in three Cranfield
Wauys

Submerged Side stream

The process
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Higher fouling
Less chemically resistance
All geometries
MF/UF/NF/RO

Lower cost

Widely used




Membrane configuration: the pasta  Cranfield |
connection |

Flat sheet (Lasagna) Tubular (Penne) Hollow Fibre (Bucatini)
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utinely used fo
el TSS waters

Module configuration:
>2:. Spiral wound

Feed channel spacer

Membrane

Permeate channel spacer

Membrane

Feed channel spacer




Poor fouling control

Module configuration:
MT: Tubu
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Module Conﬂguro’non
HF: Hollow fiore,







Definitions: flow streams

Permeate

(ﬁfranﬁg{g’_\”_\_

Feed

Retentate
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Cran ﬁeld

EINEVERSITY

Definitions: flow direction

Crossflow Dead end

Permeate
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UINTVEREITY

Definitions: flux and pressure

Area (A)

/

Permeate flow (Q)
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' The membrane can be

So what happens when you Cranfield
operate a membrane

Mass accumulated

Volume passed




Definitions of performance

Permeate

Retentate
Qc,

Cran ﬁel d

UNIVERSEYY

Conversion (recovery)

0%

0

Rejection
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So what happens when you Cranfield,
operate a membrane

Trans-Membrane Pressure

Time tc:ritic
The pressure drop is generated by Cranfield

four components

Pore blocking

Membrane resistance
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Cranfield

UNIVERSEYY

Fouling control

Cross flow CI'OSS ﬂOW
Cross flow ] .

Flux | Flux © Flux
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Cranfield
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Fouling control

Cross flow 'Cross flow tCross flow

Flux
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Chemical clean Relaxation BACKWASH
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: Cranfield
Cleaning methods e,

Physical Chemical

BASE
Caustic soda
Citric/Oxalic

ACIDS
Hydrochloric/sulphuric

BACKFLUSHING
+ with air
» without air

CHEMICALLY

ENHANCED Citric/Oxalic
ELAXATION BACKWASH
Rl OXIDANT
Hypochlorite

Hydrogen peroxide

Particles/colloids Scale/organics/oxides

: Cra nf{ eld
Impact of cleaning

5-15 min interval 2-30 days interval

ackwash (maintenance)
/ \ chemical clean

TMP of clean membrane

TMP

Time




Clogging is a bigger operational Cranfield

prOblem tCross flow
'Flux
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Cranfield

Commercial systems (2006-2007)

Company System | Material Configlen Capacity
(1000 m*.d-")

Memcor/lUSF |HF, MF |PP, PVDF Side/sub 1400
Norit/X-flow HF, UF PES Side 400
PALL HF, MF PVDF Side 400
Zenon HF, UF PVDF Sub 450
KOCH/FS HF, UF PS Side 250
Other HF, UF CA, PES, Side 86
Other SW, T CA, PES, CT |Side 23

NF




