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Abstract

The critical permeation flux is the flux at which cake deposition starts to be detectable. The variations of the critical flux (determined
simultaneously by a mass balance and successive variations of transmembrane pressures) during sub-micron latex particles filtration were
studied under various operating conditions (membrane pore diameter, shear stress at the membrane surface, latex concentration, surfacta
content). These variations were explained taking into account the properties of the suspension and of the fouling deposit (reversibility,
specific resistance, thickness, porosity) formed beyond the critical threshold. It was shown that the critical paiggfaterwhich
defines the conditions required for stable filtration performance was more appropriateRgatr\, previously suggested in the literature
sinceJqrit was actually independent of the clean hydraulic resistance of the membrane, and consequently of the membrane pore size. This
indicates that there is no need to work with the largest pore size membrane: larger pores will not induce higher critical flux and will not
improve the area of the stability zone of the filtration. This work also points out the major impact of surfactants on fouling phenomena
andJcit, observations rarely reported in the literature: the higher the surfactant content, the higher the deposited mass andghe lower
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction relationships between deposit characteristics formed above
the critical flux and critical flux values.

In crossflow filtration, membrane fouling mechanisms  This work is intended to study the variationsJgfi in the
involving colloids are still not satisfactorily explained, al- case of sub-micron particles under various operating condi-
though numerous studies have been dedicated to this probtions (shear stress at the membrane surface, pore diameter,
lem. Different works lead to the conclusion that there exists latex concentration, surfactant content) within the ultra-
a critical permeation fluxJeit, below which there is no  and micro-filtration range and to explain these evolutions
marked fouling by colloidal particles, and above which par- using the properties of the deposit (hydraulic resistance,
ticles deposit and filtration performances are altered (sharpreversibility, thickness, porosity) formed beyond the crit-
increase of fouling, reduced operating time, large decreaseical threshold. Such information are necessary for better
in permeability and solute transmission) [1-3]. The deposi- understanding crossflow filtration stability and reasons of
tion of latex and yeast above the critical flux have recently filtration alterations.
been observed by a microscope coupled with a video cam-
era [4]. However, few proposals have been advanced for
the prediction ofJeit under various operating conditions, o Experimental
and experimental works have generally been restricted to
conditions not (_:ommonly found in practical applicatic_)ns: 2.1. Latex suspension
dead-end filtration [5], low shear rate [6,7], low particle

concentration [6]. Moreover, few studies have reported the A suspension of latex stabilised by surfactants was used.

The average diameter of the latex particles (Mastersizer
"+ Corresponding author, Teks 33-2-23-48-53-25; S, Ve_r. 2.1_8, Malyern Instruments) was 19_0 nm with a nar-
fax: +33-2-23-48-53-50. row size distribution: the 10 and 90 vol.% sizes were 80 and
E-mail addressgesan@labtechno.roazhon.inra.fr (Gesan-Guiziou). 400 nm, respectively. In the calculations the polydispersity
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Nomenclature or 7210
A membrane area -10 ¢ ° 20
Caatex ~ CONcentration of latex particles (gkg) 0L oo . . . l_’ 1 190 g
dp average diameter of the latex particles (m) % g
f Fanning friction factor (-) <30 - {180 §
J permeation flux (ms! or Th~1m—2) E °
Jerit critical permeation flux (mst or Ih=1m~2) 40 r . S -
Jiim limiting permeation flux (ms! or Ih-1m=2) Sl ® . 1 160 g
Jw initial permeation flux of water ‘—1 - =
(mstorlhIm32) 60 1 150
Jw final permeation flux of water . , . ‘
(ms* or Ih~tm~?) _3)000001 00001 0.001 0.01 01 1 0
My deposited mass of latex (kgTf) ' ' Added fonic strength (M)
AP transmembrane pressure (Pa or bar)
Ry hydraulic resistance due to surfactant Fig. 1. Zeta potential and mean particle diameter of latex suspen-

sion versus added ionic strength (pH 7.0 adjusted with HCI, 0.05M;

adsorption (rm?) Clatex = 0.1 gkg™b).

Reep  hydraulic resistance due to deposition{p

Ry irreversible fouling hydraulic resistance ) . : .
Rn cleaned membrane hydraulic resistance {m 10Tkhe Pgarélcle den3|_ty IC(tsf)1 was estlfm ateq to 1?0& ¢
Ry initial hydraulic resistance of irreversibly gm = Ly measuring theé mass of a given voiuime o
known mass concentration. Whatever the latex concen-
fouled membrane (mt) : . .
Re Reynolds number (=) trat|on_, Clatex in the range 0-340gkd, the suspension
N behaviour was Newtonian (CS-100 Rheometer, TA Instru-
S compressibility of the cake layer (-) . . 1
: . ments). The viscosityx was 100+ 0.05mPas* up to a
t time (s or min) . . .
; ; concentration of 10 g kgt and then increased exponentially
v mean tangential flow velocity (nT$) : . ; .
with latex concentration according to:
Greek symbols 1t = 0.95 x 103 exp(0.0045Cjatex) (1)
o specific resistance of the cake layer (nTky
3 thickness of the cake layer (m) whereu in Pas andCiatex in g kg2
& porosity of the cake layer (-) The decrease in the surfactant content of latex suspension
u dynamic viscosity of latex suspension (Pas) (decrease of suspension conductivity by 40%) was achieved
Hw dynamic viscosity of water (Pas) by diafiltration of a concentrated suspensions with double
or density of the retentate (hkg1) distilled water (3.S cnT ! in conductivity). The increase in
Ps density of the latex particle (fkg—?) surfactant was performed by diluting the initial latex sus-
Tw shear stress at the membrane wall (Pa) pension with the diafiltration permeate.

. i 2.2. Experimental set-up and operating conditions
of the particle size was neglected. At pH 7.0, the zeta poten-

tial values of the particles (ZetaMaster, Ver. 1.27, Malvern
Instruments) ranged from-40 to —63 mV according to
ionic strength (from 5< 10° to 0.2 M adjusted with NaCl)
(Fig. 1). Zeta potential was calculated from electrophoretic

g%bi_lity usdin\?Vhl_-:en;y’s law, am: ((j:obrreﬁted actcor(éirE to a crossflow filtration membrane. All the experiments were
rien an ite [8] as suggested by Harmant and Aimar conducted ab ranging from 0.5 to 1.5mg (+10%) and

{g]i 't:'g' 1 sho;/vst_a decrease hOf dzeta _potenn;al as trllle deltiC'AP from 0.0 x 10° to 1.6 x 10° Pa (£15%) at a constant
rqu eI concerll r? lon appror:tc t'e aﬂ"ﬁ’.‘ va llje’ ca et' | etemperature of 5& 2°C and pH 7. The values af corre-
critical coagulation concentration. is value, particle sponded to a Reynolds numbé&e ranging from 3,780 to

dlarpelé_er tends tot_lncrtez(;\js?. 'tl;he CrItICZ| OcclJe?\;;uflatlon dgon- 11,350 at 50C (that is to say in turbulent regime), and a
céntration was estimated o be around ©. Of SOCIUM 4 shear stress;y ranging from 1.2 to 6.5Pa. The wall

chloride, which is similar to the value obtained by Harmant , stress,, is the force exerted by a fiuid flowing tan-

and Aimar [9]. gentially to the membrane on an element of its surface area.

: During the 5-6  filtration experiments, the latex suspen- Because the small longitudinal pressure drop did not allow
sion was stable (constant average siz80+ 10nm and us to measure it directly,, was calculated from:

zeta potential—47 + 4 mV)), indicating that the aggrega-
tion phenomenon was avoided. tw = 3 fprv? 2)

The study was carried out using an experimental set-up
previously described in detail [10]. The unit comprised a
flow circuit (total volume of 5.21), in which suspension of
a known concentration was pumped continuously through
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wheref is the Fanning friction factorp, the density of the 100 1 q]
suspension in the retentate side anthe mean crossflow First unstable l—.
velocity. Under turbulent flow conditions and for Newtonian . poim\ N\ 12
fluids, the friction factor can be calculated using the approx- " ; &
imation of Blasius, assuming the membrane to be a smooth "= 50 . 082
tubular element [3]: = - 1 &
f= 0.08Re 025 (3) 25 - 104
whereReis the Reynolds number. o et ™ | 4

0 100 200 300 400
2.3. Membranes Time (min)

The ultrafiltration membranes used were tubular ceramic 006 1 p 7140
Kerasep membranes (15 and 300 kg Totut-off, 0.60 m % 1{ 120
long, seven channels of 4.5 mm inner diameter) provided by 1100 o=
Orelis (01 Miribel, France). The selected cut-offs implied no T 004t ‘s

1 iqible i i i 180 =
(15 kg mofl) or negllglblt_a.mternal fouling or pore blocking Soos o
(300 kg mot1). Permeability of these membranes was mea- 3 160  —
sured at 56k 2°C before the experiment from the distilled 00 I lag o2
water fluxesJy using Darcy’s law: 001 |
AP — l
JW — (4) 0,00 0
HUwRm 0 100 200 300 400

wherepu,y is the dynamic viscosity of water. T

Tubular ceramic Kerasep membranes with dni mean
pore diameter (0.6 m long, seven channels of 4.5mm in- 0r First unstable point J]_imc
ner diameter, from Orelis, France) were fouled prior to the \
experiment using latex suspension. The large amount of 60 I

fouling obtained was mainly due to irreversible pore blok- e
ing with latex particles (sharp hysteresis of deposited mass, ~.§ 40 b
see Section 2.4.2).This irreversible fouling was uncleanable =
and allowed experiments to be performed using membranes
with initial hydraulic resistancesR,y ranging from 7.3 to
20.9x 10 m~1 (values higher than the hydraulic resistance
of the clean membran®&®,y,). High R,y were obtained after 0
successive experiments performed at high crossflow veloci-

ties and high latex concentrations.

0 0,1 02 0,3 0,4
AP (10° Pa)

Fig. 2. Determination of the critical permeation flux. (a) Permeation flux,
2.4, Experimental procedure J and transmembrane pressureR versus time. (b) Deposited mass of
latex, Mg and hydraulic resistance due to depositiBgep versus time. (c)
Permeation flux, versus transmembrane pressux®. Conditions: mem-
brane 300kgmoll; Ciaex = 1.74gkg!; tw = 1.2Pa(v = 0.5msY);
T =50°C.

Prior to the start of a filtration experiment, the process
suspension prepared by dilution of the initial suspension
with doubled distilled water (S cnt 1 in conductivity) was
stirred in the feed tank for 5 min to produce an homogeneous reached, 15 min afterwards) [3]; the first unstable permeation
suspension throughout the retentate compartment. The pH 7lux was determined whehdecreased over the course of the
was then adjusted with 0.05M HCI. The volume reduction time (Fig. 2a), leading to a non-linearity in thle= f (A P)
ratio was constant and equal to 1 since the filtrate producedrelationship (Fig. 2c). At this point, the deposited mass, es-
was continuously returned to the feed tank via a flowmeter. timated by mass balance became positive (see Section 2.4.2

and Fig. 2b) and the hydraulic resistance due to deposition,
2.4.1. Determination of critical flux Raep increased significantly (Fig. 2b). Wheh = f(AP)

Jerit is the critical flux above which particles start to accu- Was linear and similar to values obtained with watjep
mulate. It was determined by successive variations of trans-was defined according to Darcy’s law as:
membrane pressure (step by step technique) and by mass AP
balance of retained latex particles. J=— (5)

s ; . o up(Rm + Rdep)

The step by step techniqueonsisted in systematic in-

crease of AP (30min at eachAP step beforelqi was whereppis the dynamic viscosity of permeate similarig.
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WhenJ = f(AP) was linear but lower than the values of suspension around 11%m?3. The upper error on the mass

obtained with waterRqep was defined as: calculation was estimated to be 10%.
Specific resistanger (mkg1). The specific resistance is
J = AP (6) calculated as follows:
Mp(Rm + Ra—+ Ry
P ep) Rdep = aMy (8)

whereR; is the hydraulic resistance due to surfactant ad-
sorption easily determined with the slope bf= f(AP)
linear relationship during latex filtration.

The critical values of transmembrane pressure and per-o = BAP* (B : constant 9)
meation flux APgit; Jerit) were experimentally determined
by the intercept of the linear relationship= f (A P) when
J < Jait (J stable in the course of the time; no deposite
latex) and of a polynomial fitting wher > J¢i; (decrease
of J; increase of deposited mass) (Fig. 2c). The error of the , _ 1801 —¢) (10)
determination oflit was estimated to b&5Ih~1m—2. &3 psdp?

For some operating conditions, the determinatiodaf
was confirmed by experiments performed in the course of
time: the evolution of the permeation fluxat constantAP
at a permeation flux belo,; and at al value marginally _ My (11)
beyond the critical value were followed for 5 h. ps(l—¢)

Compressibilitys. The evolution ofx versusAP enable
the compressibilitys to be calculated:

Porosity, ¢. Based on the Carman—Kozeny equation, the
porosity (cake voidage}y can be evaluated for spherical
d . i
particles(Kozeny constant 5) by:

Thicknesss. The thickness is expressed with the known
deposited masdy:

(+2}

Experiments performed in the course of the time or by step-
wise variations ofAP showed similar deposit characteris-
tics. Moreover, due to the small longitudinal pressure drop,
deposit characteristics were assumed to be constant all along
the filtering path.

2.4.2. Determination of the properties of the cake layer
Reversibility.Reversibility of the cake-layer was studied

by cyclical experiments AP was decreased after being

previously increased up to.@ x 10°Pa (largely higher

than APcrit whatever the operating conditions used), and  gome filtration experiments were performed in duplicate

J recorded. The presence of a hysteresig/in= f(AP) with a good reproducibility €5% for permeation flux and
(Fig. 2c) indicates that some irreversible deposition oc- deposit characteristics).

curred. The irreversible fouling hydraulic resistané,

was determined by measuring the permeability of the mem-

brane at 50t 2°C after the experiment from the distilled 3 Resylts
water fluxes(Jy) using Darcy’s law:

AP 3.1. The critical permeation flux/git

Jy = ——— 7
v Hw(Rm + Rif) %

Whatever the operating parameters studied, the stepwise

Ri is the hydraulic resistance that remains after the water experiments showed two zones:
rinsing of the membrane. It takes into account both the sur-  Below the critical flux experiments performed over the
factant adsorption phenomena and irreversibility of deposit course of the time showed thakl,could be maintained as
structure. constant for several hours (5h) and was similar to the flux

Deposited massMy (kgm2). During the experiments, measured with water at the sameP. Since no decrease
the latex concentration was deduced from turbidity mea- in latex concentration in the feed tank was observed below
surements (Turbidimeter Hach Company, Loveland, USA), Juit, no cake formation was likely to occur and the filtration
using a calibration curve. Retentate and permeate sample®perated in a stable regime. According to Wu ef{d] this
were withdrawn every 15 min. Circulating the suspension in definition ofJgjt corresponds to the “strong form” of critical
the filtration loop without permeation revealed a constant flux. At high latex concentrations, some deviations between
bulk concentration indicating that no significant adhesion or the permeation flux and the water flux were, however, ob-
adsorption of latex occurred. As the permeate was contin- served £15% atCaex = 7.7 gkg™%). In such conditions,
uously recycled and contained no latex particles, any de- the final water fluxJ,/) was lower than the initial onely),
crease in bulk concentration corresponded to a depositionbut since the relationship between transmembrane pressure
of particles at the membrane surface. The deposited mass iand flux was linear and no decrease in latex concentration
calculated from a mass balance as the difference betweerwas detected in the feed tank, this deviation was assumed
the initial mass from which the mass of samples withdrawn to be due to surfactant adsorption. In these conditips
was subtracted and mass measured in the retentate. The bulkorresponds to the “weak form” of critical flux [7].
concentration typically decreased by 20-60%, depending on  Above the critical thresholdRgepincreased indicating the
the operating conditions, for a ratio membrane area/volume conditions where cake formation occurred: the increase in
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80 T 5 (um) 3.2. Evolution of/,,;; and deposit characteristics
20 b versus operating parameters
60 1 M, /10 (g m™) 3.2.1. Wall shear stress,,
50 | The higher the wall shear stress, the lower the deposited
mass and thickness, and the highgk (Fig. 4). The specific

40 r resistance and the porosity were found to be independent of
30 f tw. The influence ot, on the filtration resistance was then
2o | mainly determined by the amount of deposit.
’ w4 For a given latex concentratiodgj; increased linearly

L o (10 " mkg) ; i ; .
1,0 with ty (Fig. 4). The ratio ofJit/tw was consequently
00 constant and equal to 18thm—2Pal.

0 0,4 0,8 1,2 1,6 . . .

AP (10° Pa) 3.2.2. Initial hydraulic resistance of the membrane

Whatever the hydraulic resistance of the clean membrane,

Fig. 3. Evolution of deposit characteristics (deposited midgsthickness, Rm (and consequently pore sizd),i; and the deposit char-
§; porosity,e and specific resistance,of the deposit) during the successive acteristics (deposited mass, porosity, thickness) were similar
increase (closed symbols and black_ _Ilnes) and _decrease (open symbols)(Fi 5a) J was consequently independent of the initial
in transmembrane pressur&P. Conditions: see Fig. 2. g ) crit q y p

hydraulic resistance of the clean membrane. However, when

the initial hydraulic resistance of the membrane was changed
Raepwas directly related to the increase in mass deposited atas a result of irreversible fouling,y, Jerit decreased sharply
the membrane surface (sharp decrease in latex concentratioiFig. 5b), leading to strong irreversible phenomena (sharp
in the feed tank) (Fig. 2b). Under a further increasaip, J hysteresis/ = f(AP), highRg).
reached the limiting fluxJim (Fig. 2c¢), frequently reported
with macromolecular solutions and colloidal suspensions. 3.2.3. Concentration in latex

The deposited mass and thickness increased aRhuntil Jerit decreased and the deposited mass and deposit thick-
Jim was reached, and decreased totally or partially when ness increased with increasing latex concentrations up to
AP was released (Fig. 3). 3gkg! (Fig. 6). At a concentration higher than 3gkg

The porosity of the deposit varied slightly withP Jerit and the deposit characteristics remained nearly stable.

and ranged from 0.40 to 0.25 (Fig. 3), which is in ac- The specific resistance and the poros®25+ 0.01) were
cordance with values theoretically calculated for incom- found to be independent of solid concentration.

pressible monodisperse particles [11]. Such a low porosity

indicated a probable compression of the deposit and a3.2.4. Concentration of surfactants

high packing density, which agrees with published work  Fig. 7 shows that an increase in suspension conductivity of
on the visualisation of cake formation in crossflow filters a given latex concentration (due to an increase in surfactant
[10]. The specific resistance was found to dependAdh and ionic contents) led to a lowdg;; and higher deposited

(2.6 £ 0.8 x 1019A pO-76£0.03 kg=1 AP in Pa). mass and deposit thickness. The porosity, however, did not

160 416

8 114
120 + X 412
A M, /10 1 10 ;
=80 f {8 =
3 s g
40 14 ®

12

0 1 1 1 1 1 1 0

0 1 2 3 4 5 6 7
1,, (Pa)

Fig. 4. Critical permeation fluxJeit and deposit characteristics (deposited madg, deposit thickness§) versus wall shear stress,. Conditions:
membrane 300 kg mot; Ciaex = 4.9gkg™t; T = 50°C.
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70 - a - 100
-2.
60 + Md (gm )
{ 80
50 |
40 T 007 m%) ] @
e e ———— — —_ >
30 - 1 40
2 |
{20
10 - 0 (um)
e(-)

0 ; : K . 0
0 5 10 15 20 25
R, (10" m™)

b
140 ¢
X
120 b\
1
)
100
&
'_"E 80 .
= x
= 60 + y
5
T 40t
2 |
0 . . \ .
0 20 40 60 80
R (10" m™)

Fig. 5. Critical permeation fluxJeit and deposit characteristics (de-
posited massMyg; thickness,s and porosity,e of the deposit) versus
initial hydraulic resistance of: (a) clean membrafs,; conditions: 15
(1) and 300kgmoi! (two batches) membrane€aex = 1.80gkg;
w = 1.2Pa; T = 50°C; (b) membrane with irreversible residual foul-
ing, Ryy; conditions: membrane 300 kg Mot Clatex = 0.4ngg*1;
w = 1.2Pa;T =50°C.

10 1 80

& (um) 170
P

M, (g m?) 190
1 50

T Ab'm?) —> 40
4 130
5 L — —a 20
ex10(-) 1o
0 . . . . 0
20 40 60 80 100 120
Conductivity (uS)

Fig. 7. Evolution of critical permeation fluxle;it and deposit character-
istics (deposited masdy; thickness,s and porosity,e of the deposit)
versus suspension conductivity. Conditions: membrane 300 kg'mol
Clatex = 1.80gkg™%; 7w = 1.2Pa;T = 50°C.

4, Discussion

The characteristics of latex particles deposit vary with
crossflow filtration operating conditions (transmembrane
pressure, permeation flux, wall shear stress, concentration of
latex and surfactants) and they play a basic role in affecting
the critical parametet].it/tw, which defines the operating
conditions required for high stable filtration performance.

4.1. Appropriate critical parameter

Jeiit/Tw can be considered as a critical parameter, since,
for a given latex concentration, the critical permeation flux,
Jerit, under which there is no deposit of latex, increased
linearly with the wall shear stress. In micro-filtration (MF)
of dairy products (containing “particles” such as casein mi-
celles, aggregates, or bacteria to be retained), it has already
been shown thal.i/r\ rules the performance of the sepa-
ration (permeability and selectivity) [3]. The present study

significantly depend on the surfactant and ionic contents of SNOWs however that, for a given ratlri/zw, the deposit
the suspension (Fig. 7). The higher the surfactant and ionic Characteristics were not similar: the higher the the lower
contents, the more pronounced the irreversible phenomendh€ deposited mass, although the porosity of the deposit

(hysteresisRi).
250
200 x WS
150 $ (um x.10)

100

Mg (g m®)

50 Jerie @B m™)

0 2 4 6 8
Latex concentration (g kg'l)

Fig. 6. Evolution of conductivity x) of the filtered latex suspension, of
critical permeation flux,Jeit and deposit characteristics (deposited mass,
Mg and thickness§ of the deposit) versus latex concentration. Conditions:
membrane 300 kgmol; , = 1.2Pa;T = 50°C.

was constant (presumably due to the low polydispersity of
the latex suspension).

The parametel. i/t is more appropriate thaftPit/t\w
previously proposed in the literature [10,12] becaliggeis
independent of the initial hydraulic resistance of the clean
membrane (or initial pore size of the membrane), in contrast
with the transmembrane pressure. Previous works [7,13]
have already studied the effect of membrane pore size on
critical flux, but none of them compared the valueslgf
obtained with different membrane pore sizes under similar
fouling conditions. Wu et al. [7] have observed a decrease in
Jerit With increasing membrane pore size for each of the three
tested fluids (bovine serum albumin solution, silica parti-
cles, yeast suspensions). According to the authors this could
be due either to different charge effects and interactions as
a result of different membrane materials or to changes in
membrane porosity induced by internal fouling. Madaeni
et al. [13] have shown that the critical flux is insensitive to
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the pore size of the Millipore membranes, but in that work whateverCizex) Seemed negligible in our work, since no
for a given permeation flux the largest pore size membranesvariations of zeta potential and deposit porosity were ob-
were found to produce highetP indicating that some pore  served with increasing latex concentration. Consequently,
blocking occurred. the stabilisation of the deposited mass and the deposit

For a given membrane separation, the independence ofthickness with increasing latex concentration is likely to be
the critical parametel;ii/tw from the membrane pore size partially due to surfactant content: under high latex con-
indicates that there is no need to work with the largest pore centration, the surfactants accumulated in the deposit could
size membrane: larger pores will not induce higher critical enhance electrical repulsion with latex particles in the sus-
flux and will not improve the area of the stability zone of pension (i.e. at the surfaces at which the surfactants are ad-
the filtration; however the risk of internal fouling would be sorbed). In the deposit, due to close contact of particles with
greater. Smaller pores could, therefore, be preferred providedeach other, the interactions between surfactants adsorbed
the transmembrane pressure required to gégtoremains at the latex surface could be reinforced. This explanation
lower than the longitudinal pressure drop in order not to may partially account for the increase in irreversible deposit
induce an increase in energy consumption. observed at high latex concentration and the irreversible

Considering the independencelgf; from the membrane  phenomena observed when filtering latex suspension using
pore size, and sincdqi indicates the conditions where a membrane with a residual fouling?,y) due to internal
cake formation occurslg it is to be considered as the out- fouling by surfactant adsorbed latex particles (Fig. 5b).
come of the balance between the convective force exerted The surfactant content seems then responsible for modifi-
on the particles towards the membrane and back-transportcations of deposit characteristics (stabilisation of deposited
such as erosion (which is greater at higher crossflow andmass and deposit thickness; increase of irreversible deposit)
wall shear stress). A higher critical flux at higher crossflow and affects consequently the stability filtration zodg;i(
is, therefore, expected. The net accumulation of particles decreased when the surfactant content increased (Fig. 7)),
arises from an imbalance between convection towards thewhich has been rarely reported in the literature.
membrane and removal which is generally assumed to be
proportional to the shear stress according to [14]:
AQGaex— arw) = 18 (12)

The simultaneous determination of the critical permeation

whereA is the membrane area and’“an experimentally  flux, Jeit, and deposit characteristics formed beyond the
determined constant [14]. According to Eq. (12), at the criti- critical threshold under various operating conditions (pore

5. Conclusions

cal flux, there is no accumulatiqdMq/d: = 0) andJCiagex diameter, crossflow velocity, latex concentration, surfactant

(=JcritCiatex) becomes, therefore, proportional@. content) made it possible to better understand crossflow
The evidence thatd” in Eq. (12) is constant is limited; filtration stability and reasons of filtration alterations. The

for this to be so suggests that at a constant JeritCiatex critical parameter,)qit/tw, defined the conditions required

is a constant or that the ratidc(itCiatex)/tw Should remain  for no particles deposition and high stable filtration per-
constant, which is not observed experimentally. The exper- formance. This parameter was independent of the clean
imental data, therefore, indicates that fs not a constant,  hydraulic resistance of the membrane and therefore of
but is a function ofC, which means that the assumption to membrane pore size and was consequently more appropri-
establish Eq. (12) is not valid in the present case. ate thanAPg /Ty previously suggested in the literature to

With a complex feed such as the latex used in this study, characterise the stability zone of a membrane separation.
the increase of the ratidditCiatex)/Tw With increasing latex  This work also pointed out that the latex suspension, even
concentration is due to stabilisation of the deposit charac- with a low size polydispersity, is a complex suspension con-
teristics, which may be induced by an increase in surfactanttaining large amount of surfactants. The surfactants were
content (the deposited mass did not increaseGas, was shown to affect both the deposit characteristics g,
varied from 3 to 8 g1! (Fig. 6)). observations rarely reported in the literature.

4.2. Effect of surfactants
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