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ABSTRACT

The study presented focuses on treatment and recycling facilities of highly polluted water-
based paint wastewater from electronics industry, using coagulation-flocculation, Fenton’s
oxidation and membrane processes. The treated water is sought after for recycling purposes
within the painting unit and the water quality is negligible except suspended solids. The waste-
water used in this study was characterized as highly polluted wastewater with high concentra-
tions of COD (55,000-144,000 mg/1) and SS (9500-32,000 mg/1), alkaline and blackish colored.
Coagulation-flocculation using alum and FeSO, was investigated. 67% of COD removal was
achieved at 1000 mg/1 of alum dosage whereas coagulation with FeSO, obtained 45% removal
efficiency at 750 mg/1 dosage. The Fenton’s oxidation process gave good results for the remov-
als of COD and color. 81% of COD removal was achieved at a molar ratio of [H,0,]/[Fe**] = 10
with 2 m H O,. Waste sludge produced during the Fenton’s process was less than that of coagu-
lation, but still required hazardous chemical sludge disposal. This study showed that the total
flux decline for the FM UP005 ultrafiltration membrane was 73% and the flux decline due to
membrane fouling was 9%. The use of membrane filtration causes no sludge disposal problems
since the concentrate can be recycled or reused. Cost analysis involving investment, operation
and maintenance, and waste sludge disposal should be made to decide the treatment and/or
recycling process.
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1. Introduction

Water-based paints, sometimes referred to as latex
paints, have been evaluated as alternatives to solvent-
based paints processes have. The volatile organic
compound (VOC) content of water-based paints is
significantly lower than conventional solvent-based
paints, thereby reducing VOC emissions [1]. Latex paints
generally consists of organic and inorganic pigments and
dyestuffs, extenders, cellulosic and non-cellulosic thick-
eners, latexes, emulsifying agents, anti foaming agents,

*Corresponding author.

preservatives, solvents and coalescing agents. Due to
the varying degree of chemicals used, the waste-water
contains appreciable concentrations of BOD, COD,
suspended solids, toxic compounds and color [2]. Among
the various chemical treatment options applicable to
highly polluted, toxic and colored effluents, the most
commonly used treatment schemes are coagulation-
flocculation [3] and Fenton’s oxidation [4-6].

Membrane been widely used in both water supply
and wastewater treatment application. The applica-
tion of membrane processes has an increasing trend to
recover both water and rejected water [7,8]. Recovery of
valuable substances such as detergent, pigment, solvent
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along with water makes membranes a more attractive
process. Other studies focused on use of ultrafiltration
for coating materials such as paper coatings, latex and
flexographic ink, and showed that the advantages can
be directly translated into very short payback times for
ultrafiltration systems of typically less than two years [9].
The aim of this study is to investigate the treatment
and recycling facilities of highly polluted water-based
paint wastewater from the electronics industry by using
coagulation-flocculation, Fenton’s oxidation and mem-
brane process. The application of membrane process in
this study focused on the recovery of both water and pig-
ments to eliminate the waste sludge disposal, therefore
the raw wastewater was directly fed to the membranes.

2. Materials and methods
2.1. Wastewater

The water-based paint wastewater was collected from
the painting unit of an electronics industry which manu-
factures a various range of color televisions. The wastewa-
ter originates from over sprayed paint in the paint spray
operation wherein the over sprayed paint comes into con-
tact with water. The characterization of the water-based
wastewater is given in Table 1. The wastewater used in
this study was collected three times on different dates and
stored at +4°C. The characterization of the wastewater
depends on the painting duration so the COD concentra-
tion range varies widely (Table 1). The flow rate of waste-
water from the painting unit was 5 m*/d and discharged
everyday. Suitable treatment of the wastewater is sought
after for recycling within the painting unit [10].

2.2. Analytical procedures

Analytical procedures were conducted according
to Standard Methods (APHA, 1995) [11]: COD (5220 D

Table 1
Characterization of the water-based paint wastewater

Parameter Average Standard deviation
pH 7.87 0.8
COD, , (mg/1) 97,300 44,650
COD,, (mg/1) 69,750 31,435
SS (mg/1) 23,000 12,000
Turbidity (NTU) 13,100 11,790
Conductivity (ms/cm) 2.87 0.89
DFZ* (m™)

436 nm 8113 3277
525 nm 6893 2612
620 nm 6883 2198

*DFZ (Durchsichts Farb Zahl): Indexes of Transparency.

Closed Reflux, Colorimetric Method), SS (2540 D Total
Suspended Solids). A double beam PC Instruments T80
spectrophotometer was used for closed reflux COD.
Determination of the color of the wastewater was car-

ried by measuring the absorbance at wavelengths
(436, 525 and 620 nm) after sample dilution (1:1000) [12].

2.3. Coagulation flocculation

Laboratory scale evaluation of chemical coagulation
flocculation was performed using a four-place jar test
apparatus, Armfield PWT Project Ltd, UK. The jar test
procedure included high sheer mixing at 200 rpm for
5 min followed by 15 min flocculation at 20 rpm and set-
tling. The experiments were carried out with 250 ml of
liquid at 24 + 1°C. Jar-tests were conducted using two
inorganic coagulants (AL(S0,), -18H,0 and FeSO,-7H,O)
and commercial anionic polyelectrolyte (13050 Rielli).
2ml of polyelectrolyte was added to the sample as a
prepared 0.1% (w/v). In order to determine the optimum
coagulant dosages and the pH condition, jar-tests were
carried out at various reaction conditions (concentration
of alum 600-4000 mg alum/I, concentration of FeSO,
500-4000 mg/1, and pH 6-10) [13]. First, the optimum
coagulant dosage at pH 9 was determined. Following
this, the optimum pH at the determined optimum coagu-
lant dosage was then obtained. Ca(OH), and NaOH were
used to adjust pH. Performance of the coagulation was
determined by COD removal efficiency and turbidity. All
chemicals used were Merck analytical grade.

2.4. Fenton's oxidation

Fenton’s oxidation was conducted in a batch test
using a sample volume of 250 ml and a sample tempera-
ture at 24 + 1°C. After dosing the reagents, the pH was
adjusted to 3 if the pH was over 3. The high concentra-
tions of reagents used in the experiments decreased the
pH to around 2.3-3 so pH adjustment was not necessary.
The solution was initially stirred for 5 min at 200 rpm and
subsequently for 45 min at 20 rpm. After the first settling
period, the supernatant was withdrawn to another beaker
and the pH was adjusted to 8.5-9 by using Ca(OH), [14].
The studies on Fenton’s oxidation kinetics was carried
out in a temperature controlled water bath and allowed
to attain the preset experimental temperature. The aque-
ous solution of Fenton’s reagent and wastewater was
magnetically stirred during the reaction period. Samples
were withdrawn at every 10 min for the first 1 h, every
30 min from 1 to 4 h, and the last one on the 24th hour [4].
After 50 ml of sample was withdrawn the oxidation
reaction was immediately stopped by adding Ca(OH),
(pH 9). COD and residual H,O, were analyzed. Residual
H,O, was determined by titration with 0.IN KMnO,.
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The positive interferences of H,O, on COD analysis were
eliminated by adding 3.7 mg Na,SO,/mg H,O,. Perfor-
mance of the oxidation process was followed by the anal-
ysis of COD at various concentrations and different time
intervals, up to 1d. All chemical treatment experiments
were undertaken in triplicates.

2.5. Membrane process

The membrane studies were carried out in a lab-
scale plant with a plate and frame module, which was
purchased from Osmo, Germany. The membranes
used in this study were FM UP020, FM UP005 and FM
NP010 (Microdyn-Nadir GmbH, Germany). Permeate
of the membrane FM UP005 was fed to the membrane
FM NP010 to eliminate additional COD. The flow rate
was kept at 2.01/min during the experiments. The
experimental runs were carried out with a feed volume
of 41 for FM UP020, FM UP05, and 2.55 1 for FM NP010 at
the beginning of each run. The membrane pressure was
kept constant at 8 bar for the membranes FMUP020 and
FMUPO005 and at 12 bar for FM NP010. The temperature
of the feed solution was adjusted to 25+ 1°C by using
the cooling water. All experiments were conducted in
concentration mode of filtration (CMF). Permeates were
collected in a beaker and the stream of concentrate was
circulated to the feed vessel. The permeate flow rate
was measured by an electronic balance (Precisa 320
XB-1200C) and recorded by a computer [8]. The volume
reduction factor (VRF), calculated as the initial volume of
the feed divided by the final volume of the concentrate,
was 2.75 for FM UP020 and FM UPO005. 2.55 1 of permeate
from the membrane FM UP005 was fed to the membrane
FM NP010 and the VRF value of 2.98.

3. Results and discussion
3.1. Coagulation-flocculation

Numerous jar-tests were carried out in order to
establish a practical understanding of the coagulation
performance for the extremely polluted water-based
paint wastewater. Figs. 1(a) and 1(b) show the optimum
alum dosage at pH 9 and the optimum pH at optimum
alum dosage, respectively. The optimum alum dosage
was obtained at 1000 mg/1 with 67% of COD removal
efficiency and 4 NTU of turbidity. The optimum pH at
optimum alum dosage was determined as 7.

The coagulation performance with FeSO, is given
in Fig. 2(a). The best treatment efficiency at 750 mg/1 of
FeSO, dosage was achieved with 45% of COD removal
and 5.2 NTU of turbidity. Fig. 2(b) shows the optimum
pH at 750 mg/1 of FeSO, dosage. The optimum pH was
determined as 9.
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Fig. 1. Coagulation performance with alum (a) optimum
alum dosage at pH 9 and (b) optimum pH at 1000 mg/1 of

alum dosage.
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Fig. 2. Coagulation performance with FeSO, (a) optimum
FeSO, dosage at pH 9 and (b) optimum pH at 750 mg/1 of

FeSO, dosage.
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3.2. Fenton’s oxidation

Limited COD removal with coagulation-flocculation
was obtained whereas color and turbidity were removed
to acceptable values. The reasoning was thought to be
due to high soluble COD concentration of the water-
based wastewater used in this study. To increase COD
removal efficiency several experiments were carried out
at varied concentrations of Fenton’s reagent and differ-
ent oxidation time.

To investigate the effect of [Fe*’] on Fenton’s oxi-
dation, the different molar concentrations of [Fe*?]
were studied with the constant [Fe*?] = 0.02 m giving
the different ratios of [H,0,]/[Fe™] and the constant
ratio of [H,O,]/[Fe*?] = 10 (Fig. 3). In this experiment
the molar concentrations of [H,0O,] were selected as
0.2, 0.5, 1.0 and 2.0 M. As shown in Fig. 3, the effi-
ciency of Fenton’s oxidation sharply increased when
the constant ratio of [H,O,]/ [Fe*’] was applied. 81%
of COD removal was achieved with [H,0,]/[Fe*’] =
10 at 2m of [H,0,] whereas the COD removal was
only 60% with the constant [Fe*’] at the same [H,O,]
concentration. The ratio of COD (mg/1):[Fe**]:[H,O,]
was found as 40:0.1:1 for water-based paint wastewater.
It was reported that the dye can be most effectively
oxidized in an aqueous solution with a molar ratio of
1:1.15:14.1 (dye: Fe*: H,0,) [15].

The Fenton’s oxidation of waster-based paint
wastewater followed by coagulation was inves-
tigated since the wastewater contained the high
concentration of SS together with COD. After the coagu-
lation with alum, the effluent was subjected to Fenton’s
oxidation at the molar concentration of [H,O,] between
0.2 and 1m at the constant [H,0,]/[Fe*’] = 10 ratio
(Fig. 4). The efficiency of COD removal was increased
from 25% to 59%, while the COD removal efficiency
of raw wastewater was increased from 49% to 65%
at the same conditions. The effluent of coagulation
with alum contained mostly some solutes because the
suspended solids were removed by coagulation.
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Fig. 3. Effect of [Fe*?] concentration on Fenton’s oxidation for
water-based paint wastewater.

Known paints contain some additives such as TiO,,
which is a catalyst in oxidation processes. It was
thought that the highest removal efficiencies with
the raw wastewater could be explained by the effect
of TiO, on Fenton’s oxidation. The total removal
efficiency of alum and Fenton’s was 81% at 1M of [H,0,]
concentration. The color and turbidity were completely
removed in all Fenton’s experiments.

3.3. Fenton’s oxidation kinetic

The other important parameter of Fenton’s oxida-
tion is the process time. To optimize the reaction time
Fenton’s oxidation was observed by sampling every
10 min for the first 1 h, every 30 min from 1 to 4 h, and
the last one on the 24th h. Fig. 5 shows the effect of Fen-
ton’s oxidation time on COD removal. COD removal
occurred very fast first 10 min and slowed after 10 min.
The CODprofilereached aplateaustartingat150th min.
It can be said that 60% of total COD removal was
achieved in the first 10 min of reaction. During the
Fenton’s oxidation, the easily oxidisable substances
were readily removed in the first 10 min. It was
reported that faster reaction times with extremely
high polluted pharmaceutical wastewater achieved
90% of COD removal in the first 10 min [5]. As seen in
Fig. 6 the removal of COD was accomplished at two
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Fig. 4. Fenton’s oxidation of the effluent from coagulation
with alum.
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Fig. 5. Effect of Fenton’s oxidation time on COD removal:
[H,0,] = 1m, [Fe*?] = 0.1 m, temperature = 25°C.
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Fig. 7. Flux declines as a function of time for all membranes.

different rates according to the second-order reac-
tion model. The second order rate constant, k was
determined for both of the reaction rates. The results
showed that the first rate in 10 min was 10 times faster
than the second one.

3.4. Membrane studies

Several experiments with the raw water-based paint
wastewater were conducted to examine the effectiveness
of membrane filtration to remove COD and to investi-
gate the recycling and reuse facilities of both water and
pigments. The flux decline caused by concentration
polarization and fouling was calculated by given [8].
The flux declines as a function of time are given in

Table 2

Table 3

Process performances of all membranes used in this study

Membrane  Influent COD Permeate Removal
(mg/1) COD (mg/1) efficiency (%)

FM UP020 144,000 67,460 53

FM UP005 144,000 48,680 66

FM NP010 48,680 44,700 4

after UP005

Fig. 7, and the flux declines calculated are presented
in Table 2. The flux decline caused by fouling is irre-
versible although the flux decline caused by concentra-
tion polarization is reversible. As seen in Table 2, the
total flux declines for the ultrafiltration membranes FM
UP020 and FM UP005 were 88 and 73%, respectively.
The extremely polluted raw wastewater led to the foul-
ing of the ultrafiltration membranes which were only
7 and 9%. It can be said that the pollution occurred
on the surface of the ultra filtration membranes, not
in the membrane pore size. The flux recoveries of the
membranes FM UP020 and FM UP005 were 93 and
91%, respectively. Table 3 gives the COD removal of all
membranes used. The COD removal efficiencies for the
membranes FM UP020 and FM UP005 were reached to
53 and 66%, respectively. The color was completely
eliminated by both of the membranes, but limited
COD removal was achieved since certain solutes in the
feed water permeated through the membrane. Perme-
ate of the membrane FM UP005 was subjected to the
membrane FM NP010 to accomplish additional COD
removal. The flux decline by fouling for the membrane
FM NP010 was 15% which was almost half of the total
flux decline although the total flux decline was only
36%. The nanofiltration membrane has a pore size of
1000 Da, the pollution therefore occurred both on the
surface and in the pore of the membrane. COD removal
efficiency of the membrane FM NP010 was negligible,
at only 4%.

The flux decline results of FM UP020, FM UP005 and FM NP010 after FM UP005 and VRF values for the water-based

paint wastewater

Membrane Flux (I/m? h) Flux decline (%) v, ) v.() VRE (V,/V)
I, J. ] L Total Conc. Pola.  Fouling

FM UP020 458 56 425 88 81 7 4 1.45 2.75

FM UP005 244 67.2 222 73 64 9 4 1.45 2.75

FM NP010 137 88 117 36 21 15 2.55 0.855 298

after UP005
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4. Conclusion

Thetreatmentand recycling facilities of highly polluted
water-based paint wastewater from the electronics indus-
try were studied by using coagulation flocculation, Fen-
ton’s oxidation and membrane processes. Based on the
experimental findings, the following conclusions can be
drawn:

e All alternatives applied in this study produced col-
orless effluent. Therefore the effluents from the all
alternatives can be used in the painting unit for the
recycling purpose. On the other hand, the amount
of waste sludge produced by the treatment facili-
ties should be taken into account because the waste
sludge needs hazardous disposal.

¢ Coagulation-flocculation using alum and FeSO, was
investigated. 67% of COD removal was achieved at
1000 mg/1 of alum dosage whereas coagulation with
FeSO, obtained 45% of removal efficiency at 750 mg/1
dosage. The color and turbidity were removed to
acceptable values. Waste sludge produced by coagu-
lation flocculation should consider the disposal of
hazardous waste.

* Fenton’s oxidation gave good results for the removals
of COD and color. 81% of COD removal was achieved
ata H,O,:Fe*> molar ratio of 10:1 in the presence of 2 m
H,O,. The oxidation time reached a plateau at 150th
min whereas 60% of total COD removal was achieved
in the first 10 min of reaction. The color and turbidity
were completely removed in all Fenton’s experiments
and waste sludge produced during the Fenton’s pro-
cess was less than that of coagulation, but still requires
hazardous disposal.

® Membrane process presented a more environmentally
friendly solution to recover both water and pigments.
Membrane filtration does not require sludge disposal
since the concentrate can be recycled or reused. This

study showed that the total flux decline for the ultra-
filtration FM UP005 membrane was 73% and the flux
decline by fouling for the membrane was 9%.

* Cost analysis involving investment, operation and
maintenance, and waste sludge disposal should be
made to decide the treatment and / or recycling process.
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