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ABSTRACT

Ultrafiltration (UF) was investigated as a means to remove
flexographic ink pigments from wash filtrate effluent
generated from various mixtures of flexograpic and offset
old newspapers from deinking operations. Membrane
separation efficiency was assesed from permeate flux,
fouling rate, and ease of membrane regeneration (cleaning).
Ultrafiltration was capable of completely removing ink
pigments from effluent streams. Permeate flux decreased
significantly with time due to membrane fouling and
concentration polarization. Flocculation by acidification of
the flexographic ink of effluents containing high flexo ink
content improved significantly the permeation rate and
reduced the fouling due possibly to a more permeable cake
formation near the membrane surface. Ultréfiltration
produced better water quality compared to standard jar tests.

INTRODUCTION

Water-based inks used in flexographic news printing remain
one of the most troublesome contaminant and present a
unique challenge to the deinking operation Most newspaper
deinking plants are designed to remove oil-based inks most
commonly used in newsprint publication These facilities tend
to rely on froth flotation for ink removal. However, it is well
established that conventional flotation process is ineffective at
removing flexographic inks [1-4]. Under akaline repulping
conditions, flexographic inks form colloidal dispersions of
small hydrophilic particles (< 5um) [3,5,6] stabilized by the
ionized binder via an electrosteric mechanism [5-7].
Flexographic ink particles dispersed in the pulp suspension
are then too small and/or too hydrophilic to float at a good
rate in flotation cells. Development of polymeric collectors
[8-10] and process modifications such as dual acidic-akaline
flotation loops [1,11] have recently been proposed to improve
flotation deinking efficiency of flexographic ink particles.
However, these approaches are not fully satisfactory because
they increase the complexity and cost of deinking operations.

Since flexographic inks form very small hydrophilic
dispersions under alkaline repulping conditions, they are
particularly well suited to remova by washing deinking
technology [3,12]. However, large quantities of filtrate are
produced by washing which cannot be directly recycled to the
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process without detrimental effects on brightness of the
deinked pulp or discharged to the environment. A typical
washing stage generates about 1.2 m/t of effluent which
corresponds to 360 m*/d for adeinking mill producing 300
t/d [13]. However, the deinking efficiency of awash deink
process is strongly dependent on removal of the ink from the
washer effluent [10]. Therefore, the wash effluent must be
clarified of the flexographic pigments. In practice, most
deinking plants have some process water clarification as part
of a washing stage. Dissolved air flotation (DAF) is one of the
most common type of process water clarification used in
deinking mills. However, the presence of flexo-printed
materials in the furnish seriously impacts DAF clarification
and require significantly higher levels of coagulant to achieve
a proper clarified water quality [14,15]. Many deinking mills
try to limit the percentage of flexo-printed newspapers in the
furnish to less than 5-10%, or they use this material on an
intermittent basis. However, sorting the recycled paper needs
extra effort and cost, and eventually, they will need to be able
to use flexo-printed newspapers.

Application of ultrafiltration technology in the pulp and
paper industry has successfully been used for effluent
treatment such as concentration and fractionation of sulphite
and sulphate spent liquor [16], treatment of bleaching
effluents [17], treatment of white water [18] and
concentration of coating colour from coated wash waters
[19,20]. Membrane separation technology is thus a potentidly
attractive method for the removal of flexographic ink residues
from the wash filtrate effluent of deinking mills [21].
Deinking of mixed old newspaper furnish would rely on both
froth flotation and washing processes, with the wash filtrate
clarified by ultrafiltration before being recycled to the
process. A research program at Auburn University has been
undertaken to study the potential application of membrane
technology for the treatment of wash deinking effluents [22].
Experiments were carried out with aqueous dispersions of
water-based flexographic ink at concentrations typical of
those found in wash deinking of newsprint Results showed
that ultrafiltration and microfiltration were both capable of
completely removing flexographic pigments from agueous
dispersions [23,24]. Investigations of the effect of cellulose
fines on membrane performance indicated that the presence
of small amounts of cdlulose fines did not drastically affect
ultrafiltration [24].

Though the use of flexo-printed newspapers are increasing,
limited studies on the application of membrane technology
for the removal of ink pigments for real deinking effluents
have been reported in the litterature [25]. The objective of
thiswork isto investigate the potential of ultrafiltration to
clarify process water from a flexo-printed newspaper
deinking facility. Several experiments with different mixtures
of newspapers printed with flexographic and oil-based inks
were conducted with laboratory deinking equipmentsin order
to generate wash effluents. A bench-top ultrafiltration
apparatus was then used to evauate the performance of UF
membranes. Membrane separation efficiency was assessed
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from permeate flux, fouling rate and ease of membrane
regeneration (cleaning). Carbon black pigment removal was
also measured and compared to standard dissolved air
flotation clarification as indicated by jar test. A
spectrophotometric method was used to determine carbon
black removal efficiency.

EXPERIMENTAL

Materials

Flexo-printed newspapers were obtained from a newspaper
printer, and offset newspapers were obtained from a deinking
mill. Papers have been stored in a temperature and humidity
controlled room prior to their use. Newspapers were
approximately four months old.

Membrane

Ultrafiltration experiments were performed with a
polysulphone hollow fiber ultrefiltration membrane, with a
nominal molecular weight cut-off of 500,000 (UF500),
supplied by Koch Membrane System The membrane is in a
shell and tube configuration of 68 hollow fibers of 0.109 cm
ID with atotal surface area of 0.0929 m?. The experiments
were carried out with a bench-top membrane filtration
apparatus equipped with adequate instrumentation and
controls to manipulate pressure drop across the membrane
surface (transmembrane pressure, DP ), temperature, and
flow rate through the membrane module.

Deinking

A schematic diagram of the basic steps involved for deinking
old newspapers (ONP) is presented in Fig. 1. Mixtures of
flexo-printed and offset newspapers. 0% 10%, 20%, 50%
and 100%, were repulped using tap water for 15 minutesin a
l[aboratory pulper operated at a pulp consistency of 3% and a
temperature of 45°C. A standard chemical recipe: 1% sodium
hydroxide, 1% sodium silicate. and 0.1% nonionic surfactant,
was used for al deinking trials. All chemical dosages were
based on an oven-dry paper basis. Pulper pH was adjusted to
105.

After repulping pulp durry was diluted with tap water to
0.8% consistency. The pH was adjusted to 9.5. Flotations
were then carried out in a Denver D12 flotation cell for 5
minutes at 1200 rpm and 45°C in a 10L stainless steel
container. Foam was manually scraped off from the surface of
the cell. The accepted pulp from flotation cell was kept for
thickening and washing,

The pulp suspension (accepts) was diluted with tap water to
0.45% consistency prior to thickening. Thickening of the
pulp was carried out using a 150 mesh screen in order to
increase the pulp consistency from 0.45% to about 10%. The
filtrate was collected for ultrafiltration experiments.
Thickened pulp was then processed in a screw pressto afina
consistency of around 25% The filtrate from the screw press
was aso collected for ultrafiltration.
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Wash Filtrate

Wash filtrate effluents collected during thickening and
washing were prefiltered using a bag filter with a nominal
pore size of 100 um to remove fibers and fines. Filtered
streams were collected and stored at 4°C prior to their usein
ultrafiltration experiments.

Wastepapers
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- Pulper

Chemicals

Y
Flotation

A
- Washer

———Deinked Pulp

‘} Filtrate

Ultrafiltration

v

Retentate
Fig. 1. Basic steps involved for deinking old newspapers.

Permeate

Ultrafiltration Experiments

Flux vs Time

Permeation rates are reported as flux, with units of volume
per unit of membrane area per unit time (L/m’h). To study
the effect of flexo ink content on fouling of the ultrafiltration
membrane, flux decay vs time experiments were carried out
with wash filtrate effluents produced from deinking of mixed
ONP furnishes.

All ultrafiltration experiments were performed at 45°C, at a
congtant transmembrane pressure (DP; ) of 172 kPa and feed
flow rate of 3.78 L/min which corresponds to an average flow
velocity across the membrane of approximately 1.0 m/s, (Re =
1100). pH of feed solutions varied between 8.5 and 9.5. In
several experiments, pH of feed effluents was adjusted
between 3.5 and 4.5 before ultrafiltration. Both retentate and
permeate were recirculated to the feed container in order to
keep a constant feed concentration during experimentations.

Flus was measured by the timed collection of permeatein a
tared beaker which rested on a balance. The specific gravity
of the permeate was determined to be 1.0. After the flux
measurement, the collected permeate was returned to the feed
tank. Permeate flux values were also used to estimate the
relative contributions to fluid flow due to the existence of

various resistances.

Cleaning of Membranes

The cleaning procedure has aready been described in a
previous paper [24]. The effectiveness of the cleaning
procedure on restoring membrane performance was
determined by calculating the reduction of the pure water flux
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before experiment and after cleaning the membrane as
follows:

E.=(1-Z7y5100 (1)
J’I

where

E. = Efficiency of the cleaning procedure, %

Jwe = Pure water flux after cleaning, L/mh

Jwi = Pure water flux before filtration, L/m*h

Jar Tests

Water clarification was simulated using jar tests to compare
the efficiency of water clarification with ultrafiltration results.
A sample of wash filtrate effluent before bag filtration (300
mL) was poured in a beaker. The effluent was agitated using
a magnetic stirrer. The appropriate dosage of coagulant was
injected in the vortex and mixed at 100 rpm for 3 minutes.
Mixing was then reduced at 40 rpm and the appropriate
dosage of flocculant was added. The solution was mixed at
low speed for an additional 3 minutes. Mixing was then
stopped to allow flocs settling for 5 minutes. At the end of the
settling time, transmittance of the supernatant was measured
a 457 nm using a Spectronic 20D spectrophotometer.
Coagulants and flocculants were kindly provided by Buckman
Laboratories.

Analysis

Transmittance

Transmittance of both feed and permeate samples were
measured with a spectronic 20D spectrophotometer using the
method described for jar tests. Carbon black pigment removal
efficiency by ultrafiltration was calculated as.

T -
..P__T_f_.x 100 2

UF T

1060 - T, *
where
Eyr = Carbon black remova efficiency by ultrafiltration, %
Tp = Transmittance of the permeate sample, %

T; = Transmittance of the feed sample, %

Total Solids Content

Total solids content of both feed and permeate samples were
determined gravimetrically after drying samples in pyres
evaporating dishes at 105°C overnight. Total solids content
were used to determine apparent rejection of total solids by
UF membranes. Apparent rejection of total solids was
caculated by:

C

R, = (1-=2)x100 3)
Cr

where

R, = Apparent rejection %

C, = Tota solids concentration in permeate, %

C; = Total solids concentration in feed, %

3

RESULTS AND DISCUSSION
Effluent and Paper Characteristics
Table | presents effluent characteristics for both wash filtrate

before and after bag filtration pre-treatment.

TABLE L Characteristics of wash filtrate effluent before
and after bag filtration pre-treatment.

Wash Filtrate | UF Membrane
Feed
Flexo/Offset Ratio 100-0 100-0
(%)
Temperature 45 45
(04%)
pH 8.3-9.5 8.5-9.5
Total Solids 0.02-0.04 0.01-0.02
(%)
Suspended Solids 0.005-0.015 <0.005
(%)
Transmittance 12-35 22-70
(%)

Results show that transmittance values of both wash filtrate
and UF feed are strongly related to the flexo ink content
indicated by the low transmittance values measured. It iswell
known that upon repulping flexo-printed newspapers under
alkaline conditions flexographic ink are readily dispersed
into the agueous phase resulting in small hydrophilic ink
particles typicaly less than 5 um in diameter [3-6].
Therefore. the higher the flexo content in the raw material,
the lower the transmittance values of the wash filtrate and the
UF feed.

Total and suspended solids were relatively low and did not
vary much with flexo content. However. it has been found
that offset newspapers contained more ash than flexo-printed
newspapers. Ash content for offset and flexo-printed
newspapers were found to be 5% and 1.5%, respectively.

Ultrafiltration Experiments

Permeate Flux

Pre-filtered wash filtrates generated from each mixtures were
processed through the ultrafiltration module at constant
transmembrane pressure (DP; ,,) and cross-flow rate of 172
kPaand 3.78 L/min respectively, pH of the wash effluents
was not adjusted and varied between 8.5 and 9.5, asindicated
in Tablel.

Ultrafiltration experiments were carried out consecutively
with feed containing decreasing order of flexo content, i.e.
from 100% to 0%. The membrane was cleaned between each
experiments. Fig.2 presents permeate flux vs time curves for
five feed solutions containing various flexo ink contents. In
all cases, a rapid decrease of the flux is observed within 10
minutes of operation After thisrapid initial decay, the rate of
flux decline progressively lessened until a near equilibrium
filtration rate was achieved corresponding to the stabilized
flux (Steady-State). Our results indicated stabilized flux
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values between 75 L/m-h and 90 L/m’h, except for the case
with 100% flexo which gave a stabilized flux of about 120
L/m?h Although initial values of the permeate flux
decreased for each flexo content level, steady-state
permesation rates seemed to be independent on flexo ink
content. A similar phenomenon has been observed by Upton
et al. [24] for low concentration flexographic ink dispersions.

400
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UF 500,000 MWCO, pH = 8.5-9.5
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Fig. 2. Permeate flux decline for feed solutions

containing  various  proportions  of flexo-printed

Newspapers.

Fig. 2 shows that for al flexo/offset mixtures studied- a rapid
decreasein flux is observed. Thisflux behavior istypical of
membrane filtration processes and consistent with other
studies [23,24,26,27]. Our results suggest that flux decay with
time is probably a combination of both concentration
polarization and membrane fouling occuring simultaneously.
Both phenomena result from the presence of suspended and
dissolved materias in feed streams.

Most deinking effluents contain various colloidal suspended
and dissolved solids such as lignin fragments, wood resin and
hemicelluloses as well as inorganic components such as
calcium and aluminium compounds and silicates. They aso
contain variable proportions of water soluble and oil binders
from the inks. Newsprint contains also various additives such
as pitch dispersant fillers, retention aids, and bentonite
[28,29]. Ash content of offset newspapers used in this study
was found to be higher than ash content in flexo-printed
newspapers (5% vs 1.5%). Studies have shown that the
predominant size of the colloidal materials present in the
recycling system are in the range 0.01-] um [30]. Therefore,
it is likely that the presence of colloidal suspended solids and
polymeric materias of various molecular weight, specifically
the low molecular weight components, could be responsible
for the flux decline observed in Fig. 2.

Fouling depends on the nature of the solutes and is mainly

caused by adsorption of the effluent components on the walls
of the membrane pores and pore plugging, or by the
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deposition of solute molecules at the surface of the membrane
where a cake is formed [26,27,31]. When the feed solution is
processed through the membrane, effluent components such
as small ink particles and colloidal materials are drawn
toward the filtering surface of the membrane by convective
flow of the filtrate through the membrane pores. Feed
solutions may contain low molecular weight solutes small
enough to enter the membrane pores, or molecules that are
adsorbed on the pore wall, and this will restrict the effective
pore diameter. As a consequence, these phenomenaresultin a
significant flux decrease. Adsorption is determined by the
membrane material and solute interactions, whereas the
degree of pore plugging depends on the relaive size of solute
and pore [32]. Moreover, solutes are more readily adsorbed
onto hydrophobic membrane surfaces such as the
polysulphone membrane used in our study [31]. Since the UF
membrane used was a hydrophobic polysulphone membrane
with a molecular weight cut-off (MWCO) of 500,000
Ddtons, it means that any dissolved materia with a
molecular weight lower than 500,000 could permeate through
the pores with the solvent and subsequently interact with the
membrane surface. It is thus likely that such colloida
materials could be responsible for membrane fouling.
According to Cohen and Probstein [33], the initial fouling of
the membrane is very fast- They estimated that the reaction
time scale is of the order of less than one second which
implies that most of the pore plugging and adsorption is
essentialy  instantaneous.

Resultsin Fig. 2 shows that the initial permeate flux for each
trials was different although the behavior of each curves
showed similar general characteristics. Since experiments
have been performed successively in a reverse order of flexo
ink content, i.e, from 100% to 0%, it is clear that addition of
offset newspapers in the raw material had a significant effect
on initial flux values. These results suggest that irreversible
fouling of the membrane had occurred when processing feed
containing increasing proportion of offset newspapers
resulting in a gradual decline in productivity. Table 1l
presents a comparison of the pure water flux, (J i), before
experimentation and initial permeate flux, (J;), for each feed
solutions treated. Those values have been used to calculate
the “Instantaneous Flux Reduction” (IFR) of the membrane.

TABLE II. Pure water flux, initial permeate flux and

instantaneous flux reduction of the ultrafiltration
membrane.
Flexo Content Jw J; IFR
(%) (L/m*-h) | (L/m’-h) (%)
100 641.4 299.2 53.4
30 394.9 268.6 32.0
20 361.1 250.0 30.8
10 324.0 177.8 45.1
0 254.7 151.3 40.6

Results show a flux decrease tanging between 31% and 53%
when processing feed solutions as compared to pure water
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flux, (Jy;). measured under the same operating conditions just
prior to the experiment. Due to experimental constraints, the
first data point for J; was recorded about 2 minutes after the
ink solution was feeded to the membrane which could explain
some of the variation of the IFR values reported in Table Il.
Although the IFR vaues do not seem to be related to flexo
ink content. they give an estimate of the fouling behavior
associated to adsorption of feed components on the membrane
surface and pore plugging.

Pure water flux of the membrane measured before
experiments, (J;), and after cleaning the membrane, (Jy, o),
aso indicate that irreversible membrane fouling had occurred
during treatment of feed solutions. Fig.3 shows a significant
decrease of the pure water flux between feed solutions
containing 100% and 50% flexo content. Pure water flux
decreased from 600 L/m*h to 350 L/m?h, respectively. This
decrease was mostly attributable to irreversible fouling that
occured during independent trials performed between those
two series of experimentations, and was not entirely related to
the present series. Therefore, the lower pure water fluxes
observed for experiments with offset newspapers should be
higher. However, it is clear that treatment of feed solutions
containing higher offset newspaper content decreased the
membrane permesability due to membrane fouling.

| N it Frax 55 Pl Pl |
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UF 500.000 MWCO
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Fig.3. Pure water permeation rate  before
experimentation and after cleaning the ultrafiltration
membrane Values reported on the top of the bars are the
cleaning efficiency, (E.), of the membrane after
processing feed effluents.

g

Cleaning efficiency of the membrane, (E ), is aso reported
and ranged between 82% and 94%. The cleaning process was
considered successful when cleaning efficiency reaches a
value over 80%. Even though the cleaning efficiency of the
membrane, (E ¢), remained relatively high (80-94%), the
membrane permeability steadily decreased with subsequent
experimentations, which indicates that foulants were not
completely removed during the cleaning process. Lindau et
al. [34] have shown a similar phenomenon with low
molecular weight hydrophobic solute (octanoic acid) and

5

4™ Research Forum on Recycling / 4°

polysulphone ultrefiltration membranes. They showed that
the pure water flux a membrane can be regained even if the
foulants were not completely removed. Therefore, it is
possible that an unidentified low molecular weight
hydrophobic solute present in feed solutions be strongly
adsorbed on the membrane surface and/or inside the pores
and could not be removed by the cleaning process. No atempt
have been made to identify yet the exact fouling mechanisms
involved.

Concentration polarization is aso a typical phenomenon
associated with membrane filtration. During ultrafiltration,
solutes large enough to be retained by the membrane
accumul ate on the membrane surface forming a boundary
layer due to convective transport of materials as solvent
permeates through the membrane resulting in a higher local
concentration of retained solids at the membrane surface as
compared to the bulk suspension. The rejected matter near
the membrane surface can be transported back to the bulk of
the liquid by diffusion as aresult of Brownian motion, shear-
induced lift, or electrostatic repulsion [26,35]. After a given
period of time, steady-state conditions are reached and the
convective solute flow to the membrane surface is balanced by
the solute flux through the membrane and the diffusive flow
from the membrane surface to the bulk. A concentration
boundary layer is thus formed which separates the region of
higher concentration near the membrane surface from the
more uniform concentration in the bulk of the fluid. Flow of
fluid parallel to the membrane surface promotes the back
transfer of accumulated material into the bulk fluid
controlling the boundary layer thickness [35]. Therefore, this
polarized layer also contribute to the total flux decline of
permeate during ultrafiltration.

Membrane flux decline observed during ultrafiltration of feed
solutions (Fig. 2) is thus a cumulative effect of severd
mechanisms. All those factors induce additional resistances
to the permeation across the membrane. In an attempt to
quantify the relative contribution of fouling and
concentration polarization to flux decline, aresistance in
series model was used.

The total resistance to permeation through the membrane is
given by:

Rr=Rn* Ry+ Ry )

where

R; = Total resistance

R,, = Membrane resistance

R, = Resistance due to pore plugging

Ry = Resistance due to the boundary layer

The membrane resistance, (R ,,), can be caculated from the
relation:
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AP (5)

g = —

where
Jw = Pure water flux, L/mh
DP= Transmembrane pressure, kPa

The steady-state permeate flux, (Jsg), during effluent
treatment can be defined as.

AP
Jss = = (6)

R,

Assuming that the initial permesate flux with effluent as feed
(J;), (measured 2 min. after the start of the experiment) isa
measure of (R, + Rp), then the resistance due to the
boundary layer can be calculated by:

1 1
Ry = AP x| (=) - (— 7
" x[(Js) (Ji)] (7)
Table 111 presents the fractional resistances to permeation
caculated for feed solutions containing various proportion of
flexo, ink and gives a relative measure of the various
contributions to the total hydraulic resistance.

TABLE IIL Fractional resistances to permeate flow
during uitrafiltration of feed solutions containing various
roportions of flexo-printed newspapers.

Flexo | Ra R, Ru Rr | RuR:
Content | (N-/L) | (N-/L) | (N-W/L) | (N-W/L) | (%)
(%)
0 | 6768 | 4625 | 11529 | 2292.1 | 303
10 | 5320 | 437.4 | 10164 | 19858 ] 512
20 | 4773 | 2121 | 11659 | 18554 | 628
50 | 436.5 | 2052 | 13556 | 19973 | 679
100 | 2687 | 307.4 | 859.1 | 14352 | 599

Results show that the total resistance to permeation, (R 1),
increased when offset newspapers were added to the furnish,
in good agreement with our previous findings. However,
lower values would have been obtained if the membrane
permeability had not been reduced during independent trials
carried out before the test with 50% flexo content, as
discussed previously. Our results clearly showed that the
intrinsic membrane resistance, (R,,), amost doubled during
these tests due to irreversible fouling

Analysis of the various resistances showed that the
predominant resistance to permeation was attributed to the
concentration polarization phenomenon as indicated by
higher Ry, values. The relative contribution of the boundary
layer resistance to the total resistance, (R, /R+), increased
from 50 to 68% with addition of offset newspapers in the
feed solution indicating that a less permeable cake was
deposited on the membrane surface resulting in lower fluxes.
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Even if the boundary layer was the main resistance for
permeation, fouling effect resistance, (R) (pore plugging),
and membrane resistance, (R ,,,), were also significant The
membrane resistance, (R ), increased steadily with
increasing addition of offset newspapers. Therefore, it is
clear that treatment of feed effluents containing higher
proportion of offset newspapers reduced the membrane
permeability (Fig. 3) resulting in lower permeation rates

(Fig. 2).

Effect of pH on Permeate Flux

Experiments have been carried out to minimize the effects of
concentration polarization and membrane fouling on
ultrefiltration performance. It was thought that decreasing
the pH of feed solutions containing flexographic ink particles
to acidic values would improve the permeation rate of the
ultrefiltration membrane. Therefore, pH of feed solutions
containing various proportions of flexographic and offset
newspapers were adjusted between 3.5 and 4.5 before
ultrafiltration. Results are presented in Fig. 4.

1,000

Flexo Content
;0% 10%  20%  S0%  100% |
Lo — —=—
800 - UF 500,000 MWCD, pH = 3.54.5
= s -
- == a
L]
g 600
= 3
x
= 400
~
w
200
oo —
0 J " 1 ) I 1 i
0 20 40 60 80 100

TIME {min.)

Fig. 4. Permeate flux for feed solutions containing
various proportions of flexo-printed newspapers. Feed
effluents were acidified to pH 3.5 to 4.5 before
ultrafiltration.

Results show that permeate fluxes for feed effluents
containing high proportion of flexo-printed newspapers
(50% and 100%) were improved significantly whereas no
improvement was found for lower flexo-printed content
Surprisingly, for high flexo-printed content, permeate fluxes
did not decrease compared to the pure water flux measured
before ultrafiltration and remained constant with time.
Therefore, no fouling of the membrane occured during
ultrefiltration. The fractional resistances to permeation were
aso caculated (Table IV) and clearly showed a significant
decrease of the total resistance to permeation resulting from
the dimination of the boundary layer and pore plugging
resistances. Negative values were assumed to be equa to
zero.
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TABLE IV. Fractional resistances to permeate flow

during ultrafiltration of acidified feed solutions
containing various proportions of flexo-printed
newspapers.
Flexo R, R, Ry Ry
Content | (N-b/L) | (N-h/L) | (N-b/L) | (N-WL)
(%)
0 773.6 78.8 ] 19919 2844 4
10 608.4 68.6 2063.3 2740.4
20 3545 56.0 2173.7 25842
50 5124 -46.0 -10.8 455.5
100 271.5 -26.8 17.8 262.5

This spectacular result is thought to be the consegquence of
the destabilization and the aggregation of small flexographic
ink particlesinto larger ink aggregates, to the reduction of
ink particle’' s charge and also to the enhancement of back-
diffusion of these larger aggregates which resulted in thinner
cake layer. At low pH, Dorris and Nguyen [5] and Fernandez
et al. [6] have shown that the zeta potential of flexographic
ink dispersions was reduced from -60 to -20 mV which
promoted the aggregation of fine ink particles into larger
aggregates of roughly 10 to 50 pm in size. During
ultrafiltration, larger ink aggregates can form deposits on the
membrane surface with lower specific resistance which
facilitate the permeation of the solvent through the cake layer
as indicated by the low boundary layer resistance values
(Table 1V) [36]. It is adso known that shear-induced lift
which promotes back-diffusion of deposit materials on the
membrane surface increases with increasing particle site
(above 10 pm), resulting in thinner cake layer [37].
Although lower zeta potential could promote the formation
of adsorptive hydrophobic ink aggregates at the membrane
surface, it is likely that this phenomenon had been
outweighted by the lower cake layer specific resistance and
the enhanced back-diffusion mechanisms that occured under
acidic conditions.

The fouling of the membrane caused by physical or chemical
adsorption of certain components present in the feeds could
also be reduced due to a minimization of solute-membrane
interactions resulting from pH adjustment of the feeds. Kuo
and Cheryan [38] have shown subsequent fouling reduction
with solutions containing proteins. Coagulation could also
reduce the irreversible fouling potential by decreasing the
quantity of small particles which could block and/or tightly
adsorb onto the membrane pore surface [39]. Unfortunately,
the permeate flux improvement was not found for lower flexo
content clearly indicating that other foulant compounds not
affected by the pH variation reduced the permeation rate. The
same flux decline mechanisms such as added resistances
from fouling and concentration polarization as discussed
previoudly for alkaline feed effluents are likely to occur for
those specific cases. However, further permeate flus
improvement for these feed solutions could be expected with
the addition of proper coagulating agents Studies in the field
of food technology and waste-water treatment have shown
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that coagulation or precipitation of foulant materials present
in the feed reduced fouling and improved flux rates [39-41].
Therefore, this approach looks very promising for the
treatment of wash deinking effluents containing higher
proportion of organic and inorganic materials.

Carbon Black Pigment Removal and Total Solids Rejection
The two main features of ultrafiltration process for
operational performance are: i) separation or rejection of
materials from the liquid phase, and ii) permeate flus.
Carbon black removal efficiency was calculated from
transmittance measurements whereas total solids rejection
was determined from total solids content of permeate and
feed samples. Fig. 5 and Fig. 6 present carbon black
pigments removal efficiency and total solids rejection for
various feed solutions treated under akaline and acidic
conditions. respectively. Our results show that carbon black
pigments from flexo as well as offset inks are completely
removed by ultrafiltration membrane. Therefore, no carbon
black pigments were detected in the permeate samples for
both operating conditions indicating that the ultrafiltration
membrane used achieved complete retention of pigments and
produced clear permeate. These results arein total agreement
with results presented by Upton et a [22-24] for flexographic
ink dispersions.
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Fig. 5. Carbon black removal efficiency and rejection of
total solids by ultrefiltration for akaline feed solutions
containing various proportions of flexo-printed
newspapers

Total solids rejection which include suspended as well as
dissolved materials are also presented in Fig. 5 and Fig. 6.
Under akaline conditions (Fig. 5), total solids rejection
ranged between 30-55% with increasing rejection for feed
containing higher proportion of offset ink. These results
suggest that treatment of feed solutions containing higher
proportion of offset ink tended to foul the membrane which
isin good agreement with previous results presented for
permeate flux. Higher total solids and carbon black rejection
could be attributed to the reduction of membrane
permeability due to partia pore plugging by foulant
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compounds and/or to the formation of a stronger resistance
layer over the membrane during ultrefiltration. It is likely
that aless permeable membrane and/or cake layer will retain
more materials irrespective of their sizes. In our case, this
phenomenon could be desirable only if an acceptable
permesate flux level is maintained, In addition, a permeate
containing lower dissolved materias is beneficial because it
reduces the chemical build-up in the water loop which could
have a negative impact on production and product quality.
However, acidic feed solutions treated with the same
ultrefiltration membrane showed nearly 100% carbon black
pigment removal athough a dightly lower total solids
rejection (20%) compared to akaine feed solutions as
illustrated by Fig. 6. These lower values could be attributed
to a lower fouling effects resulting from the treatment of
acidic solutions. Although acidic conditions resulted in lower
total solids rejection, one must consider the significantly
higher flux levels obtained with feed solutions containing
50% and 100% flexo newspapers.

[- Carbon black removal Y Rejection

UF 500,000 MWCO, pH = 3.54.5
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Fig. 6. Carbon black removal efficiency and rejection of
total solids by ultrafiltration for acidic feed solutions
containing various proportions of flexo-printed
newspapers.

Clarification Efficiency

Fig. 7 presents a comparison of the clarification efficiency
obtained by ultrafiltration and conventional jar tests for
various mixtures of flexographic and offset newspapers.
Results show that ultrafiltration consistently performed better
than jar tests at every coagulant and flocculant dosages
tested. Ultrfiltration yielded clarification efficiencies over
90% for each flexoloffset feed effluent

Although severd jar tests resulted in clarification values
higher than 80%, the clarified water quality never
approached ultrafiltration permeate quality. Clarified water
turbidity was particularly affected by the presence of fillers
in the offset newspapers (5%). It has systematically been
found that as offset content increases, the turbidity of the
clarified water increased indicating the presence of fillers
remaining in the clarified water. Unfortunately, the
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spectrophotometer used to evaluate the clarification
efficiency could not detect accurately the presence of such
fillers. Hsu [30] has clearly shown that the presence of clay
and calcium carbonate fillers in process water before
clarification affected the process water clarification requiring
higher levels of flocculant.
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Fig. 7. Clarification efficiency for ultrefiltration and
standard jar tests for feed solutions containing various
proportions of flexo-printed newspapers.

This figure aso clearly shows that when flexo content
increased, a higher coagulant dosage was required to
improve the clarification efficiency. For exemple, effluent
containing 20% or less flexo-printed newspapers, required
only 5 ppm coagulant whereas at higher flexo content, the
coagulant dosage increased to 20 ppm to get a similar
clarified water quality. Therefore, significant higher levels of
coagulant were required to achieve a clarified water
comparable to that achieved without flexo ink which isin
perfect agreement with litterature results[14,15].

CONCLUSIONS

Treatment of wash filtrate effluents. containing various
proportions of flexographic ink, by ultrafiltration produced
clean permeates free of flexographic ink pigments.

The permeate flux of wash deinking effluents was shown to
decrease with time as aresult of fouling and concentration
polarization. It was shown that the addition of offset
newspapers in the raw material had a significant detrimental
effect on flux decay and membrane fouling. The flux
decrease was mainly controlled by the boundary layer
resistance and to a lesser extent by membrane fouling due to
adsorption of foulant components of the feed and pore
blocking. Although the cleaning procedure appeared to be
quite effective, the performance of the membrane could not
be totally restored, thereby resulting in a steady decrease of
the membrane permeability with usage.

Acidification of effluents was shown to improve permeation
rates significantly and reduced membrane fouling when
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using higher percentages of flexo-printed papers. However,
permeation rates decreased with increasing proportions of
offset newspapers.

Ultrafiltration produced better clarification than dissolved air
flotation This indicates that ultrafiltration may be
successfully applied to clarify the wash filtrate from a
deinking process for mixed furnish containing conventional
and flexo-printed ONP.
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