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ABSTRACT

In the ultrafiltration of latex particles, a cake is formed on the membrane
surface. This cake consists of latex particles and small size surfactants which
are used to stabilize the colloidal latex. The resistance of this cake is high
due to filling of the voidage between the latex particles by the surfactant, so
the measured specific resistance cannot be considered as the property of the
latex beads . A membrane with a pore size large enough to allow the passage

of small surfactants can negate the presence of the surfactant on the specific
resistance of the latex cake layer. Estimated specific resistances of the latex

cake on the surface of the PM30 ultrafilter and the Nuclepore microfilter have

been reported and compared . Another important factor is the hydrophobicity

of the membrane which can affect the specific resistance of the cake.

Hydrophobic GVHD and hydrophilic GVWP microfiltration membranes were

used to investigate this phenomenon . Hydrophobic membranes provide a

stronger interaction between the membrane surface and latex particles . This

interaction is less in the case of hydrophilic membranes due to the chemical

treatment of the membrane surface to produce hydrophilicity. However,
higher adsorption of the latex particles on the membrane surface causes

higher specific resistance of the latex cake.
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On the Specific Resistance of Cakes of Latexes

INTRODUCTION

The filtration of aqueous suspensions of colloidal
latex is widely used to characterize membranes [1],
membrane retention capabilities [2], filtration mech-
anisms [3] and to simulate bacterial retention by
membranes [4], specific resistance of microorganisms
[5], waste effluent polishing [6] and particulate cont-
amination removal [7].

Synthetic latexes are produced from monomers

by emulsion polymerization [8] which is a heterogen-
eous non-catalytic reaction . Emulsion polymerization
is an additional polymerization process Which pro-
ceeds by a micellar mechanism. The micelles are
formed from surface active agents or surfactants, dis-
solved in aqueous media . Surfactants form aggregates
of molecules or ions called micelles when the concen-
tration of the surfactant in the solution exceeds a
limiting value called a critical micelle concentration.
This is the concentration at which micelles first
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appear in the solution. The micelles which are appro-
ximately spherical can be regarded as having all the
hydrophobic parts in the interior of the micelle and all
the hydrophilic parts on the exterior surface . Cationic,
anionic and non-ionic surfactants may be used for the
preparation of latexes [9] . However, the surfactant
which is used to produce the latex beads can affect
the characteristics of the latex particles.

In the filteration of colloidal latexes a cake is
formed on the membrane surface . The specification of
this cake which provides a resistance to flow is imp-
ortant for the characterization of flux and membrane
performance. If a membrane can retain small size
substances, the cake would consist not only of latex
beads but also of surfactant. However, in the estima-
tion of the specifications of the latex cake, the pre-
sence of a surfactant should be considered. Membrane
characteristics including hydrophobicity can also play
a role . In this article an attempt is made to determine
the specific resistance of the latex cake using various
microfiltration and ultrafiltration membranes.

EXPERIMENTAL

Membrane
The characteristics of the membranes used are given
in Table I . Commercially available Amicon (PM30)

ultrafiltration membrane was used . This membrane is
made from polysulphone . The thickness of PM30
membrane is 100 p.m (10] and the mean pore size is
0 .004 pm with the pore size distribution in the range
of 0 .001-0 .009 p.m [I 1].

Commercial Millipore microfiltration memb-
ranes with a nominal pore size of 0 .22 p.m (GVHP
and GVWP) were used . Millipore membranes were
made of polyvinylidene fluoride (PVDF) . According
to the available reference [12] the pore size distri-
butions of GVHP and GVWP membranes are 0 .19-
0 .$0 pm and 0.15-0 .72 µm, respectively. The thick-
ness of both membranes is 120 mm [13] and the
porosity is 60% [14].

Nuclepore membranes with a nominal pore size
of 0.2 µm have a very narrow (0 .21-0 .24 pm) pore
size distribution [14, 15] . This membrane is made of
polycarbonate and it approximates to a bundle of
parallel cylindrical capillaries of uniform diameter.
However, some larger doublets occur when pores
overlap . This membrane is thin and less porous . The
thickness is 10 p.m and the porosity is 7-10% [14].

The water fluxes for various membranes were
measured for this work. The permeability and mem-
brane resistance were calculated by this author . These
data are also included in Table 1 . The membranes
were prepared for use according to the information in
the manufacturers' literature.

Table I . Specifications of membranes.

Specifications PM30 Nudepore GVHP GVWP
Manufacturer Amicon Nudepore Millipore Millipore
Material polysulphone polycarbonate PVDF (l) PVDF(1)

Hydrophobicity hydrophobic hydrophilic hydrophobic hydrophilic
MW Cut-of(Da) 30,000 - - -
Mean pore size (pm) 0.004 0 .2 0.22 0 .22

Pore size distribution (tom) 0.001-0 .009 0.21-0 .24 0 .19-0 .80 0 .15-0 .72

Porosity (%) 5.9 7-10 60 60
Thickness 100 10 120 120

Water flux(2) (1m 2h-1 ) 640-1130 7500-7700

	

. 7000-7100 6900-7000

Permeability (mPa-1s f ) 1 .7-3.100-8 2.1x100 2 .0x10-8 2 .0x10-$

Membrane resistance (m 1
) 4 .0x10 77 4.8x10 70 5 .1x10 10 5 .2x10 10

) porrvinylidene monde: (2) nP=top kPa
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Polystyrene Latex Particles
Polystyrene latex beads (Cat . No . LB-11) were
obtained from the Sigma Chemical Company . TEM
Micrographs of polystyrene particles showed that
they are spherical with a diameter of I p.m . The
particle diameter reported by the manufacturer is
1 .020 µm (standard deviation < 0 .004 gm).

Filtration Procedure
All experiments were carried out in a 110 mL
capacity batch cell, with a membrane area of 15 cm 2 .
The cell consisted of a cylindrical vessel containing
the test solution, two circular end pieces, all of which
were made from perspex, and a porous medium to
support the membrane . The top end piece of the cell
contained a feed, a gas inlet and a pressure relief
valve. Nitrogen gas was used to pressurize the cell to
an operating pressure of 50, 100, 200 and 300 kPa.
The water used was purified through a Milli-Q water
purification system with a quality of 18 Macm. The
experiments started after 100 mL of the latex suspen-
sion were poured into the cell which was quickly
pressurized . The feed solution was fed continuously
from a feed reservoir connected to the cell to
replenish the permeate . The experiments were carried
out at ambient temperature (24±1 °C) . The permeate
was measured gravimetrically with a Mettler PJ 6000
electronic balance . Flux was calculated from the
weight of the permeate.

Scanning Electron Microscopy of Membranes
The surfaces of the used membrane specimens were
thin-coated with 2—3 nm of chromium using a
Dynavac Xenosput 2000 and imaged with a Hitachi
S-900 field emission scanning electron microscope
(FESEM) at 2 kV . The FESEM can provide high
resolution at low accelerating voltage that gives a
detailed view of the membrane surface and its
morphology.

RESULTS AND DISCUSSION

Blocking filtration laws formulated for unstirred,
constant pressure filtration with complete retention of

particles, no back diffusion and constant concentra-
tion, have been developed by Hermia [16] . They
provide a procedure for ascertaining the dominant
filtration mechanism which may change during the
filtration period . According to the blocking filtration
laws if exp(t) versus permeate volume is linear,
complete blocking would be the dominant mechanism
and if In(t) versus permeate volume is linear, inter-
mediate blocking would be the prevailing mechanism.
If, however, tN versus time is linear, standard
blocking is the dominant mechanism, and for t/V
versus permeate volume being linear, a cake is form-
ed on the membrane surface.

The blocking . laws also provide a mean for
estimation of the specific resistance of the cake.
According to the cake formation model:

tN = (R,,,p/AAP) + (iCa/2A2 AP)V

	

(1)

the specific resistance of the cake (a) can be cal-
culated from the slope of tN versus V . As was noted
by McDonogh [17], the calculated values of the
specific resistance are average values over the whole
of the retentate layer. According to Heertjes [18], for
a cake filtration, the specific resistance of the cake is
independent of the amount filtered. All cakes are
compressible to some extent [19] and the evidence for
compressibility is that the specific resistance is a
function of the pressure drop . The compressibility
factor (n) can be calculated from:

a = ap(AP)"

	

(2)

Cake porosity can be calculated from the Carman-
Kozeny relationship [201:

a = 180(1—e)/(pdos 3 )

	

(3)

To investigate the latex filtration mechanism
according to the constant pressure blocking filtration
laws; the PM30 membranes were used. Figure 1
shows that the tN versus V curve approaches a
straight line after the initial deviation from linearity.
These data coupled with the electron micrograph
(Figure 2) indicate that the prevailing mechanism

Iranian Polymer Journal / Volume 7 Number 3 (1998) 179



U1 !lro tic• ;ci tic H esn cc of Cakes ,if Latexrs

200 400

	

600 800 1000 1200
Permeate volume (mL)

Figure 1 . Analysis of filtration data for latex (1 µm) using
the PM30 membrane (25 mg/L, unstirred).

would be cake filteration . The initial deviation from

linearity corresponds to the time required for cake

formation . The specific resistance of the cake (a) can
be calculated from the slope of t!V versus V and the

porosity of the cake was estimated using eqn (3) . The

Figure 2. SEM Micrcy!csIih of latex particles c : ; ine PM30

membrane surface (25 iii :1L, 100 kPa, unstirred, 1000 mL)

Table 2. Specific resistance and cake porosity of deposited

latex (1 pm) an the PM30 membrane surface as a function
of transmembrane pressure (25 mg/L, unstirred).

AP (kPa) a(101	mlkg)

50 8.1 0 .125

100 8 .8 0 .122

200 9 .3 0.120

300 9 .6 0.118

calculated specific resistances of the latex cake and its
porosity at different transmembrane pressures are

given in Table 2.
The results showed that the apparent specific

resistances of the latex particles arc high compared to

the specific resistances of smaller particles (e .g., see

(5]). Also the porosity of the cake is less than the

minimum value for the packing of the monosize
spheres of any size (0 .3) . These results can be

explained by the effect of the surfactant on the
packing density of the cake layer . The surfactant.

which is used to stabilize the colloidal latex, is
unknown and could he of any size and type.

Correspondence with the supplier for details of the

specific surfactant used was unsuccessful . However,
the surfactants are much smaller than latex particles.

Surfactants can fill the voidage between the particles
and reduce the porosity and increase the resistance.

They can also clog the pores of the membrane, The

calculated membrane resistance from the intercept of
the t1V versus V curve (Figure 1) using eqn ( l ) equals
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Figure 3 . Analysis of filtration data for latex (1 µm) using

the Nuclepore membrane (25 mg1L, unstirred).
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Table 3. Specific resistance and cake porosity of deposited
latex (1 pm) on the Nuclepore membrane surface as a
function of transmembrane pressure (25 mglL, unstirred).

AP (kPa) a(1012 mlkg)
50 3 .5 0 .322

100 4 .0 0 .310

200 5 .0 0 .290

300 5 .4 0 .284

to 5xl0 11 m 1 , which is 25% higher than the mem-
brane resistance estimated from pure water flux
(Table 1). These data confirm pore blocking of the
membrane by the surfactant. This explanation sug-
gests that the effect of the surfactant could be avoided
using a membrane with a pore size large enough to
allow the passage of the surfactant.

Nuclepore membranes with a pore size of 0.2
pm were used to determine the specific resistance of
the latex cake layer without the effect of the surfact-
ant . Figure 3 shows the cake formation mechanism
using the Nuclepore membranes . The calculated
specific resistances of the latex cake on the surface of
the Nuclepore membrane and its porosity are given in
Table 3 . These data are in modest agreement with the
reported specific resistance of 2 .3x10 13 and 3 .8x10 12
mlkg for latex of 0 .2 and 0.5 lam, respectively [5].

When the Nuclepore membranes are used, the
specific resistance is around 20 fold smaller than the
values obtained using the PM30 membranes . In the

Figure 5 . Analysis of filtration data for latex (1 gm) using
the GVHP membrane (10 mg/L, unstirred).

case of the Nuclepore membranes, the surfactants
pass through the membrane, without clogging the
membrane pores, and without filling the voidage
between the latex particles. Therefore calculated
specific resistances using the Nuclepore membranes
can be considered as the characteristics of the latex
particles.

The specific resistance of the latex cake layers
formed on the PM30 and the Nuclepore membranes
show a moderate increase with pressure (Figure 4).
Nakanishi [5] reported that the specific resistance of
the latex cake is independent of applied pressure, but
Doshi and Trettin [6] showed that a latex cake is
compressible with a compressibility factor of 0 .247.
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Figure 4 . Specific resistance of latex deposit as a function
of transmembrane pressure using the PM30 and the
Nuclepore membranes (25 mg&L, unstirred).
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Figure B. Analysis of filtration data for latex (1 pm) using
the GVWP membrane (10 'mg1L, unstirred) .
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Table 3. Specific resistance and cake porosity of deposited
latex (1 gm) on the Nudepore membrane surface as a
function of transmembrane pressure (25 rnglL, unstirred).

AP (kPa) ac(1072 mlkg) e

50 3 .5 0 .322

100 4 .0 0.310

.200 5 .0 0 .290

300 5 .4 0 .284

to 5x10" m-1 , which is 25% higher than the mem-
brane resistance estimated from pure water flux
(Table 1) . These data confirm pore blocking of the
membrane by the surfactant . This explanation sug-
gests that the effect of the surfactant could be avoided
using a membrane with a pore size large enough to
allow the passage of the surfactant.

Nuclepore membranes with a pore size of 0 .2
porn were used to determine the specific resistance of
the latex cake layer without the effect of the surfact-
ant. Figure 3 shows the cake formation mechanism
using the Nuclepore membranes . The calculated
specific resistances of the latex cake on the surface of
the Nuclepore membrane and its porosity are given in
Table 3 . These data are in modest agreement with the
reported specific resistance of 2.3x10" and 3 .8x10 12

mlkg for latex of 0 .2 and 0.5 µm, respectively [5].
When the Nuclepore membranes are used, the

specific resistance is around 20 fold smaller than the
values obtained using the PM30 membranes . In the
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Figure 5 . Analysis of filtration data for latex (1 gm) using
the GVHP membrane (10 mg/L, unstirred).

case of the Nuclepore membranes, the surfactants
pass through the membrane, without clogging the
membrane pores, and without filling the voidage
between the latex particles. Therefore calculated
specific resistances using the Nuclepore membranes
can be considered as the characteristics of the latex
particles.

The specific resistance of the latex cake layers
formed on the PM30 and the Nuclepore membranes
show a moderate increase with pressure (Figure 4).
Nakanishi [5] reported that the specific resistance of
the latex cake is independent of applied pressure, but
Doshi and Trettin [6] showed that a latex cake is
compressible with a compressibility factor of 0 .247.
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Figure 4. Specific resistance of latex deposit as a function
of transmembrane pressure using the PM30 and the
Nuclepore membranes (25 mglL, unstirred).
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Figure 6. Analysis of filtration data for latex (1 gm) using
the GVWP membrane (10 .mg/L, unstirred) .
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Figure 9 . Specific resistance of latex deposit as a function
of transmembrane pressure using the GVHP and the
GVWP membranes (10 mgL, unstirred).

than the membrane pores remain on the surface of the
membrane (Figure 7) . The cake is gradually formed
and thickened (Figure 8) . The specific resistance and
the porosity of the latex cake on the surface of the
hydrophobic GVHP and the hydrophilic GVWP
membranes using Figures 5 and 6 and eqns (1) and
(3) are reported in Tables 4 and 5 . The compressibi-
lity factor of the latex cake for the GVHP and GVWP
membranes equals to 0 .10 and 0 .18, respectively
(Figure 9).

The specific resistance of the cake on the
surface of the hydrophobic GVHP membrane is
higher than the specific resistance of the cake on the
surface of the hydrophilic GVWP membrane . This
could be explained due to the interactions between
membrane and latex particles.

The chemical treatment of the hydrophilic
GVWP membrane causes less adsorption of the latex
particles on the membrane surface . In other words,
the cake on this membrane is looser than the cake on
the hydrophobic GVHP membrane surface . Less
adsorption of the particles results in lower specific
resistance.

CONCLUSION

The dominant mechanism during the course of

microfiltration and ultrafiltration of latex particles is
cake formation . When ultrafilters were used, the
calculated specific resistance of polystyrene latex
beads was around 20 fold higher than the values
obtained using microfilters . This was explained by the
effect of surfactants on cake resistance . The cake
consists of the latex particles as well as small size
surfactants which are used to stabilize the colloidal
latex . In this case the cake resistance is high due to
filling of the voidage between the latex particles by
the surfactant.

A membrane with a pore size large enough to
allow the passage of small substances can negate the
effect of the presence of surfactant on the specific
resistance of the latex cake layer . The specific
resistance of the latex cake also depends on the
hydrophobic/hydrophilic character of the membranes
due to the differences in interaction between memb-
rane and particles . Less adsorption causes a loose
cake and produces lower specific resistance.
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SYMBOLS

A

	

membrane area (m2)
C

	

volume of particles retained per unit filtrate
volume

d o	particle diameter (m)
n

	

compressibility factor
OP pressure drop (Pa)
R,,, membrane resistance (m- 1 )
t

	

time (s)
V

	

permeate volume (m3 )

Greek Symbols
a

	

cake specific resistance (m .kg-L )
e

	

porosity
µ

	

viscosity (N .m2 .s I )
p

	

density (kg .m3 )
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