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Analysis of deposit behaviour in crossflow microfiltration by
means of thickness measurement
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Abstract

Deposit build-up is the most serious constraint in crossflow microfiltration processes since it leads to a significant decrease in permeate
flux. Therefore, controlling deposit build-up is necessary for membrane process optimisation. The use of a model suspension of clay
(bentonite) and an optical measurement technique for deposit thickness makes it possible to characterise the properties of the deposit
and the conditions under which it builds-up. This study investigates the relationship between permeate flux and the filtration conditions
affecting the deposit build-up. It shows that for specific operating conditions, permeate flux can be stabilised and that cake formation is
substantially avoided. For the highest crossflow velocity tested, 88% of the mass carried by convection to the membrane surface is swept
away by the tangential flow. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction The crossflow velocities used generally ensure a turbu-

lent regime in the filtration module. Nevertheless, this does
Amongst the membrane processes, crossflow microfiltra- not avoid all fouling either within or at the surface of the

tion and ultrafiltration are the most widely used at an in- membrane. Thus, the control of deposit build-up is crucial

dustrial level. The nature of products to be filtered by these for the optimisation of membrane plants.

techniques can vary greatly according to their applications. Inthe present paper, the measurement of deposit thickness

Crossflow microfiltration targets suspensions of micronic is used to study the various relationships between deposit

particles, but these are rarely found alone in the suspensionbuild-up and the parameters of filtration.

These particles of micron size are situated in an ambigu-

ous border area where purely hydrodynamic phenomena

are observed, but where physico-chemical phenomena als@®. Materials and methods

compete for the process control. The low hydraulic resis-

tance of the membranes used leads to lower pressures thap.1. Crossflow microfiltration equipment and procedures

in ultrafiltration and to a greater permeate flux. To achieve

a higher permeate flux, it is common to increase cross- The experiments were conducted with a classic pilot

flow velocity. This requires extra energy or an increase in crossflow filtration loop fitted for the measurement of

transmembrane pressure, thus, leading to a quick deposieposit thickness (Fig. 1).

build-up which may induce irreversible fouling. Backflush  The suspension was sent through the filtration loop by a

washing or regeneration of membranes are also used butentrifugal pump. The circulation flow rate was measured

this means that the filtration process is temporarily off-line. py the flowmeter and the transmembrane pressure was set

Recent research has reported that high initial fluxes lead toyp py the gradual closure of the two gates V1 or V2 or both

more fouling than lower fluxes. at once. Effective pressure was taken as being equal to the
average pressure values upstream and downstream of the

_— module. The temperature of the suspension was regulated by
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Nomenclature using the standard nitric acid/water/caustic cycle used to
regenerate fouled membranes.

B deposit permeability (f) The microfiltration experiments were carried out with a

c suspension concentration (Kgr) bentonite suspension (Volclay SPV). The latter was prepared

dg  sauter diameter (m) with distilled water filtered at 3am for 24 h before the

Ds  shear-induced diffusion coefficient ¢rart) experiment to avoid any variation in particle size due to hy-

epy  deposit thickness (m) dration. A grain-size distribution analysis identified a range

hy Carman Kozeny constant of particle sizes from 0.77 to 7.54m with a mean diameter

J permeate flux (Mh=1m=2) of 2.45,um. Therefore, all these particles could be caught in

I membrane length (m) the retentate stream and the only fouling which could occur

Mc material mass carried by convection (Kg) was the deposit at the membrane surface. The suspension

Mg  deposit mass (Kg) maintained the same granulometric range (average diameter

n acquisition point number of 2.57um) over time in the filtration cycle, the bentonite

R membrane radius (m) particles being unaffected by the pumping process. Even if

Sn membrane surface @ the permeate was not continuously recycled, the concentra-

u crossflow velocity (ms?) tion of the retentate could be considered as constant since

UL lift velocity (ms™1) the variation in volume did not exceed 5% during the ex-
periment. The mass of deposit was compared to the solids

Greek letters inventory through Eq. (4). For the maximum deposit thick-

AM  mass of particles swept away (Kg) ness (55@.m), the variation in concentration was 5.6%.

AP transmembrane pressure (kPa) The concentration of the suspension was set between 0.05

At acquisition timeslot (s) and 0.375gt! and the average crossflow velocities were

€ deposit porosity in the range from 0.05 to 0.55m%& The transmembrane

pp  density of swollen bentonite (KgnT) pressures used were 110, 160 and 210kPa, i.e. the kind of

pressures usually encountered in water treatment.

top to avoid particle sedimentation. The module consisted of 2 2 peposit thickness measurement

one tubular mineral membrane corresponding to a filtration

area of 146 crh _ The principle deposit thickness measurement was based
The membrane manufactured by SCT-US Filter (France) o the tangential focusing of an He—Ne laser beam onto
has an external alumina skin with a nominal pore size of 4o membrane surface [1]. The image of the focal point
0.2pm. ] ) . was then picked up on a photomultiplier, thus, allowing
Before any experiment, the membrane was immersed injnmediate measurement of the signal. The build-up of
an ultrasonic tank with distilled water for 10 min. This pro- 5 deposit on the membrane surface was expressed as an
cedure reproduced roughly the same water permeation fluxapsorption of light, and this variation in signal intensity

as found with a new membrane or one that has been cleaned,orresponded directly to the deposit thickness through a cal-

ibration curve recorded at the beginning of the experiment.
This calibration curve was used to link signal fading to the
displacement of the membrane; during deposit formation,

it was, thus, assumed that deposit thickness was equivalent
__ @ to displacement. By comparing each experimental value of
Retentite the signal to the calibration curve, deposit thickness could

continuously be determined.

3. Results and discussion

’_=§
Flowmeter ) S + Fig. 2 shows the evolution over time of permeate flux and
exchanger deposit thickness, at a constant pressure and concentration.
V3 Poadibik In all cases, a very quick decrease in permeate flux at the
— <

start of the process was followed by a quasi-linear increase
—_— ~ in deposit thigkne;s. S

< ek < The deposit build-up and the variation in initial perme-
ate flux differed little, whatever the crossflow velocity. This
confirms the observations of several authors that the start
Fig. 1. Filtration pilot (M1, M2: manometers; VI-V4: regulating gates).  Of the process is governed by a purely frontal filtration rate

Feed pump
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Fig. 2. Deposit thickness and permeate flux evolutiarP(= 210 kPa,c = 0.25g1).

[2]. This initial phenomenon is due to the large amount of [3,4] or to the shear-induced diffusivityD o dg) [5,6].
particles deposited at the membrane surface. During this ini- Therefore, small particles are more likely to be deposited
tial period, only a few particles are swept away because theon the cake layer than bigger ones. This yields a high spe-
permeate flux is perpendicular to the tangential flow. For a cific resistance and suggests that there must be an optimal
short time, the crossflow velocity, therefore, has very little velocity, which it is pointless to exceed.
effect on the deposit build-up. It is to be noted that, whatever the velocities, the curve
Even though the deposit thickness is reduced and the per-stabilises at a specific point (permeate flux and deposit thick-
meate flux is increased with growing crossflow velocity, this ness each tending towards a particular limit). These specific
is little information to date regarding the preferential mode points plotted for different transmembrane pressures in
of action of crossflow velocity either on permeate flux or on Fig. 4 show that when pressure increases, the deposit thick-
deposit thickness, when these are considered individually. ness increases, for the same flux at equilibrium. This leads
The investigation of permeate flux as a function of deposit to the conclusion that an increase in deposit thickness offsets
thickness reveals the particular effects of crossflow velocity. the increased transmembrane pressure. Thus, in the range
Fig. 3 shows that same deposit thickness gave a lower fluxof pressures studied and at a given concentration, crossflow
at higher velocity, and that the same flux lead to a thinner velocity is the only factor governing the stationary state of
deposit at a higher velocity. This is due to particle classifica- the permeate flux (an observation that differs from those of
tion, i.e. particles are smaller in the cake at higher velocity. Hoogland et al. [7]). In other words, beyond a certain value,
This may be attributed to the inertial lift velocity/( « dg) increasing the transmembrane pressure will only result in
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Fig. 3. Evolution of permeate flux vs. deposit thickneasP(= 110 kPa,c = 0.375g1).
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Fig. 4. Attainable permeate flux value for the membrane used @.375g1).

increased energy consumption for the same permeate fluxthe permeate gate V4, deposit build-up was limited to about
at the equilibrium state. Even if the thickness/permeate flux 10.m. Indeed, the flux remained nearly unchanged through-
field is widened, the influence of transmembrane pressureout the experiment after a small initial drop. This agrees with
on permeate flux can only be felt in the transient regime, in recent studies reporting the existence of a critical flux below
which the deposit continues to build-up. which there is no fouling [8-10]. The small initial decline
When the deposit thickness tends to zero, the extensionin filtrate flux may be explained by the quasi-instantaneous
of the curves seems to lean towards values which are lesseappearance of the narrow layer of particles. In this case, the
than the water flux of the membrane (8ht1m=2). This critical flux is equal to the limiting flux, which is reached
may be attributed to the variation in the deposit structure. after a deposit thickness of about 16%. Even if the thick-
Starting with an equilibrium state which is reached at ness of the deposit remains constant, the limiting flux con-
a low crossflow velocity, an increase in crossflow velocity tinues to decline because the deposit is being fouled by the
(Fig. 5) leads to a decrease in deposit thickness, and thus, arfine particles.
increase in permeate flux. This increases to reach the stable Therefore, the adjustment of filtrate flux at the start of
value achieved for the same velocity in other experiments filtration is of interest in industrial applications to limit
conducted with a constant velocity and no disturbance during deposit build-up. In fact, this approach makes it possible to
the experiment. This suggests that the deposit is reversible.optimise and to control the back flushing frequency of mem-
When the permeate flux was adjusted to a value corre- branes, thus, lengthening times that membranes stay opera-
sponding to the final equilibrium (Fig. 6) by partially closing tional. Even more importantly, as the filtrate flux maintains
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Fig. 5. Effect of increasing crossflow velocity to 0.414 1 starting from a state of equilibrium reached at 0.11thgA P = 160kPa,c = 0.25g11).
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Fig. 6. Adjustment of the initial permeate flux at 301'm=—2 (x = 0.3ms !, AP = 110kPa,c = 0.375g1).
a constant value, the process may be operated continuoushDepositmass Mgrep,/(epy+2R)(1 — &) pp (4)

with no variation in permeate quality over time. . )

Fig. 6 shows that most of the deposited material on the Since the thickness of the cake and the permeate flux are
membrane was closely linked to the convective flux, given measured S|multaneously,_the porosity is determined using
that the filtrate flux in the transient phase was high. Thus, to the Carman Kozeny equation.
limit fouling phenomena, one must shorten and control the 1 dggz
transient phase. B = Y (5)
3.1. Evaluation of particle mass swept away The average porosity of the deposit is about 10% [11].

The Eq. (2) used to calculate the mass provided by con-

Increasing crossflow velocity makes it possible to reduce vection to the membrane surface gives the dry mass of the
deposit build-up. This suggests that the crossflow velocity bentonite. Conversely, Eq. (4) as written provides the mass of
restores to the tangential flow those particles which are ac-swollen bentonite. Therefore, in order to calculate the mass
cumulated at the membrane surface. In other words, theof particles swept away through the relationship (3), the two
amount of material swept away is the determining factor masses must be expressed similarly. To do this, one must
to control the deposit. Therefore, we undertook to assesssubstitute the densityy, in the Eq. (4) by the mass of dry
the re-entrained material, i.e. the de-fouling of the mem- bentonite contained in a volume unit of swollen bentonite.
brane through increased crossflow velocity. To carry out such  The volume of wet bentonite SPV particles is 15 times
an evaluation, we calculated on the one hand the mass ofgreater than that of dry particles; by knowing the average
material carried by convectioM) to the membrane sur-  diameter of swollen particles (through granulometric analy-
face, and on the other hand, the mass of the depdgik ( sis) as well as the volumic mass of dry bentonite, the mass

Mass of material carried by convection: of dry bentonite contained in a litre of wet bentonite can be
set at 247.33 g. This makes it possible to calculate the mass
of particles swept away during a filtration experiment.

Table 1 shows the overall mass of particles swept away
as a function of crossflow velocity. It shows that increased
velocities are helpful in reducing the mass of material

t
M :/ J(t)cSn dr (1)
0
whereJ(t) is the instantaneous permeate flux.
Since the timeslot for data acquisition is very short
(12 min), the integral may be approximated by a summation

of the data acquisition:
Table 1

Mass of particles swept away by the tangential flow

n
Mc = ZJic At Sm

2 1
—ry c=0.25gF AP = 110kPa
i=
. . . u (m/s) 0.055 0.193 0.304 0.414 0.552
The mass of particles swept avya@sM) is, thus,.the dif- Me (9) 165 1015 0957 1217 1658
ference between the mass carried by convection and thatMg ©) 1.40 0.55 0.35 0.29 0.19
present in the cake. AM (g) 0.24 0.46 0.60 0.92 1.45
M (%) 14.91 45.66 63.05 75.74 87.96
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Fig. 7. Percentage of material swept away vs. time=(0.414ms?, ¢ = 0.25g1).
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Fig. 8. Percentage of material swept away vs. crossflow velocity @.375¢g1).

deposited on the membrane surface. In certain cases, 88%until a velocity of 0.414 ms! is attained. Afterwards, the
of mass was carried away at the highest velocity tested. mass becomes more stable.
These results justify increasing velocity as a method of
increasing filtrate flux.
Fig. 7 shows that the proportion of particle mass swept 4. Conclusion
away increases over time, finally reaching a limit of around
80% for a velocity of 0.414 ms', whatever the pressure. This study of the effect of filtration parameters on de-
This upper limit is explained by the fact that the maximum posit thickness and permeate flux shows that at the start of
rate for particles instantaneously swept away is 100%, givenfiltration, the crossflow velocity has little effect on deposit
the stabilisation of the deposit thickness and the permeatebuild-up and that an increase in transmembrane pressure
flux. offsets the deposit growth for the same permeate flux. Cal-
Pressure increase slows down the re-entrained particlesculation of the overall particle mass swept away with this
owing to the extent of convection forces, which tend to plas- bentonite suspension and in those conditions of study shows
ter the particles to the membrane surface. This means that thehat up to 88% of the mass of material carried by convection
deposit thickness becomes ever greater as pressure increases the membrane surface can be re-entrained.
The influence of crossflow velocity on overall mass of  Therefore, to improve the permeate flux limit, it is essen-
particles swept away (Fig. 8) shows that an increase in tial to act on the initial transitory filtration period, since the
velocity results in more and more particles being re-entrained re-entrainment of particles remains limited, unlike when a
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state of equilibrium is reached. In certain operating condi-
tions, filtrate flux may be stabilised and superficial fouling
avoided.
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