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The way in which higher filiration flows can be obtained
from crossflow electrofiltration membranes by using an
electro-osmotic backwashing arrangement has been
studied, The -'electro-osmotic flow with a polarity
reversal arrangement, pravides pulsed flow conditions
and an increase in filtration flow rates. More study is
needed on the operational parameters before the
technique can be applled on an industrlal scale, .
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AMONG EXISTING solid-liquid separation techniques, membrane tech-
nology, especially crossflow microfiliration (CFMF), olfers an
apprapriate alternative 1o conventional filtration and centrilugation

rocesses. However, ils extensive use in industeial application is
imited due 10 membrane fouling problems. In recent years, the
crossflow ¢lectrofiliration (CFER)-process has cometo be considered
35 an e¢conomic ami-fouling technique during the filiration af
solutions containing charged particles and colloids. This pracess
enables the accumulation of particles and colloids on the membrane
surface (o be reduced and leads to a higher filtration flux.

CFEF is generally used in two configurationst! (a) wbular and,
(b). plate and frame. Tubular modules bave a disadvaatage in that o3
the electrodes make direct contact with the feed solution, problems
relaled to eleetradialysis occur leading to gas formation. [n addition,
the phenomenon of deposition of particles and colloids an the
electrode surface due to electrodepasition is also encountered. These
secondary effects are, however, climinated in a plate and (rame’
module, where the electrodes are separated from the feed solution
and (iltvate by an ion permeable cellulose membrane.

Plate and {rame CFET module studies were conducted in a single
stack form. However, in practical apﬁlications. a multiple stack
arrangement can be equally applicd as shown in Fig 1(a). The major
drawback of this module arrangement is that it does not provide the
most economical membrane area/volume ratio (packing density).
Apart from this, when the particles and colloids are charged due to
clectrophoretic eflects they migrate {rom the membrane surface and
part of them gets deposited on the ion permeable membrane placed
on the opposite side of the flow channel. This process of migration of
particles in the opposite direction to the conveclive pressure driven
force, leads to a reduction of resistance to mass transler at the
membrane/solution interface, and o higher (iltration flows. Mean-
while, the deposited layer of particles and colloids on the ion
permeable membrane surface results in a high increase of resistance
1o the current flow, boosting the energy consumption. This phenom-
epon leads 1 the limiting current elfect™*,

To overcome this drawback, an alternative arrangcment is
proposed as showa in Fig 1{b), which gives ncarly twice the filtration
arca per unit volume of equipment, a higher filtration flow rate and
also reduces the problem ol limiting current, [n this module
arrangenient, the ion permeable membrane on the anode side of the
Now channel is replaced Ly a microfiltration membrane. Here, the
cicctrophoretically migrated negatively charged particles and colloids
get deﬂosited on its surface resulting in the formation of a cake layer.
This phenomenon leads ta a heavy reduction of the filiration flux on
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Fig 1{a). Cenvenlional multiple stack CFEF arrangement
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the anode side of the membrane. Tn addition, these ncgatively
charged colioids and particles lead to the phenomenan of electrg.
gsmatic flow. This flow is in the opposite J)ireclion to the filtration
flux {towards cathode-7) thus [urther reducing the filtration flgx,
Whereas, when the polarity of the electrodes is changed (whete the
cathode hecomss anode and anode becomes cathode) ia a reguiar
frequency, this excessive deposition of particles and colloids on the
membrane surface can be avoided and the clectro-osmotic Now can
be used 10 backwash the membrane surface and create a perturbation
of the laminar sublayce. Eventually, this process permits higher
Giltralion flow 1o be obtained in comparison to the CFMT or
conventional CFEF processes.

Experimental Studies

The elficient pecformance of a double membrane CFEF with
frequent polarity reversal process depends on the following opera-
tional parameters: _

O Applied clectric field strength: ' )
3 Frequency of the polarity reversal;

O Crossilow velocity and applied pressure.

Qur experimental sludics, were carried out using a plate and frame
type electrofiltration cell assembly using two platinum coated
manium electrodes. This module was used in two operational modes:
(O CFEF with a double membrane {(Versapore Gelman 200, with an

average pore size of 0.2nm and without any surface charge) and

frequent polarity reversal (Fig 2}«

O Conventional CFEF or CFMF (without the application of the
eleciric field stirength) with one membrane.

In the larter operational mode the membrane on the anode side of
the . flow channel was replaced with the ion permeable cellulose
(celiophane) membrane. F%r the experimensal studies. a combination
ol 100mg/t of <colloid free granular rounded silica particles (Scrva
Feinbiochemica) with an average diameter of 3.0wm and 1.0gA of
Ludox HS-40 (EI du Pont de Nemours & COJ stable colloidal silica
with an average diameter of 12om were used as the feed solution.
These colloids and particles were negatively charged at the working
pH condition of 9.45. A detailed description of the experimental
procedures has been summarised clsewhere ™.

-Results

The influence of the crosstlow velocity on filtration flow rate was
studied for three different polarity reversal frequencies of 1Hz, 0.2Hz
and 0.1Hz. This is graphically illustrated in Fig 3. which shows that
there is no significant influence of (requency of polarity reversal on
the filtration Row rate in this range of frequencies. These results
point out that in these conditions. one can casily climinale the
deposited layer of particles and colloids from the membrane surface
using the electro-osmotic flow. However, when degreasing the
frequency in the order of 0.01Hz a notable filtration Mow reduction
was noticed. This is due ta the fact that during relatively large time
intervals, lorge and compact cake layer deposition occurs on the
membrane situated on the anode side. which could not be easily
backwashed by the smali electro-osmotic Row. These results indicate
the existence of an optimum polarity reversal frequency value for the
given operating condition.
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Fig 1 (h). Modified multiple stack CFEF with frequent polarity raversa
arrangement

January/February 1990  Filtration & Separation

—:’_m




10 9 9 3

1 5 10

Fig 2. Crossilow electroflitration call assembly. 1. Feed flow channel; 2, Microfiltration membrane; 3, Filirate collecilon chamber;

4. Filirate outlet; 5. Intermedlate spacer; 6. lon permeable cellulose membrane; 7. Cathode; 8. Ancde
10. Electrode supporlag pdale; 11. Eiectrolyte outlet; 12. Electrode connectlon
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Fig{ 3. Filtrate flow rate vs crossflow veloclty at different irequencg of
polarity reversal far a}:_r_es_surg of 0.27 bar and electric fleid strength of
- ST 445V em (@~ 1Hz, O — 0.2H1, 4 - 0.7Hz)

FILIRATE TLOW RATE {m3fn) x 103

| +—T—T—T
It

2 4 6 T 12 1

ELECTRIC FIELD STRENGTH (¥fem)
Fig 4. Relation betwean filtrate Mtow rate vs applied electric flalds

strength, for a trequency of polarity reversal 0.2Hz {pressure = 0.27 bar,
and crossflaw velocity = n.smfs?
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Fig 4 shows a linear relationship between filtration flow rate and
applied electric ficld strength for a polarity reversal frequency of
0.2Hz. Qur maximum applied electric ficld strength was limited to
14.45V/cm due to a cell eleciroheating problem. However, on an
industrial scale, this cell eleciroheating problem could be climinated
by a proper electrolyte cooling system, permitung operation at higher
field strength values and resulting in higher filtration flow rates.

Fig § s%xqws the relationship between filtration flow rate and
crossflow velocity at two different pressures for thre¢ operating
conditions: CFMF, conventional CFEF and CFEF with reversal of
polarity at a (requency of (.2Hz. These resulis show that the
conventional CFEF gives a higher filtration flow rate when compared
to the CFMF operation. However, CFEF with polarity reversal
arrangement gives a much higher Hlication flow rate than the
conventional CFEF. Apari from this. in a conventional CFEF
operation an increase of crossflow velocity gives a neglipible
improvement of filtration flow rate and the increase of pressure leads
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Fig 5. Effect of filtratfon flow rate on crasstiow velocity at three difterent
operatlonal modes of CFMF.
At pressure of 0,27 her: A = CFWF; & = conventional CFEF at
E = 14.45V/em; O = CFEF with a frequency of polarity reversal of 0.2Hz,
and E = 14.45V/cm. *
At pressure of 1.0 bar; &4 = CFMF, * = conventional CFEF at
E = 14.45V/ym; ® = CFEF with a frequency of polarlly reversal of 0.2Hz,
and E = 14.45V/cm
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to 2 small reduction of filtration flux. These results are quite similar
to those observed in ulteafiltration processes due to polarisation
henomena: the presence of colloids can explain this kind of
shaviour.

[n the case of CFEF with a polarity reversal arrangement. an
increase of crossflow velocity and pressure leads to an eventual ;
increase in the fiftration flow rate. [n this process., the electro-osmotic
backwashing {low creates a disorder at the laminar sublayer thus
helping the crossfiow velocity Lo carry away more of the colloids and
particles {rom the membrane. This process reuslts in the formation of
4 relatively Iess dense and compact Chigher permeability) depaosit at
the membrane surface, This phenomenon leads o a reduction of
resistance to the mass transfer at the solution/membrane interface,
and the increase in pressure leads to an increment in the liltration
flow rate.

forit
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Conclusion

This technique of CFEF with polarity reversal has sigaificant
advantages over the coaventional CFEF: (2) Module arrangement
sigaificantly increases the packing density (liltration arca per unit
volume); (b) High filirate flow rate: (¢) Reduction in limiting current
problem, thus timming down the energy consumption and making
this technique highly compelitive comparcd to other anti-fouling
techniques. However, careful consideration of the operaticnal
parameters, like electric field strength, frequency of poltarity reversal,
crossflow velocity and pressure have to be studicd belgre applying it
—on-nn-industrial seale, -+ 7 v i m N ==n
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Crossflow separation
of fuel

Exclusive UK rights to develop
marine applications of a high
efficlency fuel filtration
system based on creossflow
membrane separation, has

While the contaminants con-
centrate fn the centre of each
fibre {eventually 10 be dumped
into a reservoir) the clean, dry
permeate flows adjacent to
the walls ard is encouraged
by the pressure differential to
migrate through the mem-
brane.

: been granted to Vokes by Hence, with a single pass
® Two sta.gel, fileration hanclles large and Separation Dynamics Inc.  through a module'gparpt)icle
small particles (SDI), who developed the  removal said to be superior to
& 990.9% filter efficiency on a wide range of system for treatment of avi-  that of a cartridge Ffilter is
ind ial dust ation fuel. combined with effectively
Inqustrial austs _ The technique removes  100% water removal.
® Quick and ecenomic cartridge change both particuiates and water Because the device i
@® Seclf-contained sturdy construction from the fuel In a'single opera-  depends on fuid dynamics ¢
. N ! tion, and is said to offer a and not on pore size per se,
® Built-in silencers for low nolse levels more efficient yet economic  the separation maodules can F
@® Rear orside inlets fg{lutlm;éhan clonvenrtionﬁl fil- rem'ai; in iir\rict:e {or e;tenied IFL
@® 610mm x 712mm floor dimensions S eseers: L 1S Perods wiinoul ¢logaing. Any ur
believed o be the first time  parliculate matier that may or
that crossilow separation has occasionally collect on the &
been applied 1o the filtration membrane can be readlly Jlg»
' ; H of fuels. freed with a simple back pulse
If there's Somelthmg In the air that The method makes use of a  of atew seconds’ duration, EE
shouldn't be there — phenonenom in fluld dyna- Capeble of operating at A
H H mics whereby water and part- ralatively low pressures, fili
torit can help you clean it up icles suspended in a fluid normally around 30psi, clean wir
slream passing at certain vel-  fluid and fuel flow rates can {_LC
acitles and shear rates range from a few gallons to ¢
A g through a cylindrical geo-  several hundred gallons per
LA o n a son orl metry (eg. 2 hollow membrane  minute. Tests have shown that
. flbre) will tend 10 concentrate the system can handle solids
65 Market Stfee(. Hednesfofd. Staffordshire WS 12 SAD near ithe centre of the stream. |oad|ngs of a few ppm T.? 15%
Tel: 054 38 5515 Tx: 338940 Torit G Fax: 054 38 79136 The SDI technology over long periods without
employs modules comprised  significant reduction in the
of many hollow membrane flow rate. )
fibres of about 2mm diameter  Vokes Ltd, Menley Park, Guildford
and a pore size of 0.2 micron. GU3 24F.
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