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ABSTRACT

This study reports for the first time the application of electrocoagulation (EC) from laboratory to pilot scales for the treat-

ment of printing wastewater, a hazardous waste whose treatment and disposal are strictly regulated. The wastewater was

taken from three real printing companies with strongly varying characteristics. The treatment process was performed in the

laboratory for operational optimization and then applied in the pilot scale. The weight loss of the electrode and the gen-

eration of sludge at both scales were compared. The results show that the raw wastewater should be diluted before EC treat-

ment if its COD is higher than about 10,000 mg/L. Pilot scale removal efficiencies of COD and color were slightly lower

compared to those obtained from the laboratory scale. At pilot scale, the effluent CODs removal efficiency was 81.9 -

88.9% (final concentration of 448 - 992 mg/L) and color removal efficiency was 95.8 - 98.6% (final level of 89 - 202 Pt-

Co) which proved the feasibility of EC treatment as an effective pre-treatment method for printing wastewater as well as

other high colored and hard-biodegradable wastewaters.
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1. Introduction

Printing ink is a complex, multi-component com-

pound, composed principally of dyes, pigments, res-

ins, binders, solvents, and optical additives. Hence,

wastewater generated from the printing process is

highly colored, and contaminated with organic com-

poses because of the afore-referred compounds. Most

of the components in wastewater are synthetic

organic polymers with strong stability, which bring

on the BOD5/COD of the wastewater generally lower

than 0.4. Moreover, printing ink wastewater contains

plenty of substances inhibiting biological activity and

heavy metal ions, making of difficulty to be micro-

bial decomposed and transformed [1]. Due to the

harmful effect on human health and the environ-

ment, as well as the aesthetical aspect, the printing

ink wastewater cannot be directly discharged into the

environment without any treatment. Practically, vari-

ous methods have been used to treat this wastewater,

including coagulation, adsorption, oxidation, biologi-

cal treatment, electrolysis [1], electrocatalytic process

[2], and electrochemical treatment [3]. Among these

methods, electrocoagulation (EC) has been proposed

as an effective method for treating various types of

wastewater from textile, paper mill, baker’s yeast,

restaurant, and chemical mechanical polishing [4,5],

paint manufacture wastewater [6], and lithographic

wastewater [7]. However, there is very rare report on

the application of this technique for printing waste-
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water [8-10]. Scaling up of EC was found for domes-

tic greywater reuse [11] and almond industry

wastewater treatment [12] but has not been con-

ducted for printing wastewater.

To the best of our knowledge, it is the first time EC

process was applied for printing wastewater treat-

ment, from laboratory to pilot scale. Printing waste-

water was collected from three printing companies,

including fabric screen printing, packing printing

with various branches, and paper packing printing.

Firstly, experiments were performed on a laboratory

scale to find the optimum condition from wastewater

dilution level, input voltage, pH, electrode distance,

mixing speed, and electrolyte concentration. The

treatment was then scaled up to pilot scale with both

batch and continuous modes, and operated for a long

duration. 

2. Methodology

2.1 Materials and apparatus

Wastewater samples were collected from a fabric

screen printing wastewater source in Ho Chi Minh

City (Vietnam) during November 2017 to March

2018 (denoted as S1); from a packing printing waste-

water source in Long An Province (Vietnam) during

April to June 2018 (denoted as S2, including three

subsamples, denoted as S2-1, S2-2, and S2-3).

Before that, wastewater samples from another paper

packing factory in An Giang Province (Vietnam)

were taken from March to June 2017 (denoted as S3).

Electrodes were made by aluminum (96.61%),

with the components analyzed by X-ray fluores-

cence (XRF) elemental analysis as given in Table 1.

NaCl, acid, and base were of analytical grade

(Xilong, China), purchased from Viet Hoang Long

Company (Ho Chi Minh City, Vietnam). All the anal-

yses of COD, BOD5, total nitrogen, true color, and

TSS were done in Consultancy Center of O.S.H &

Environmental Technology (Ho Chi Minh City, Viet-

nam). pH was measured using PHS-550 (Taiwan).

Color was measured according to 2120 C spectro-

photometric method [13] using a Photolab 6100 VIS

spectrophotometer (Germany) operated at 455 nm.

TSS was analyzed followed by 2540 D [13]. COD,

BOD5, and total nitrogen were analyzed followed by

5220 C (Closed Reflux, Titrimetric Method) [13],

TCVN 6001-1:2008, and TCVN 6638:2000, respec-

tively. Weight of sludge and electrode was measured

using a Sartorius TE412 portable scale balance.

2.2 Laboratory scale

For EC treatment at the laboratory scale, wastewa-

ter was treated using a 1-L batch cell made by poly-

ethylene. Two similar aluminum plate electrodes

with an effective area of 91 cm2 were placed verti-

cally in the cell and connected to a DC power supply

(TES 6102, Taiwan). Samples with a volume of

15 mL were taken from electrocoagulation cell at

certain operating times for true color and COD analy-

ses. The wastewater was first checked for dilution

requirement using tap water, based on the observa-

tion of changes in the color of treated wastewater

after running the treatment for 30 min. Dilution fac-

tor (f) was the ratio between (volume of wastewater +

volume of tap water) and volume of wastewater, var-

ied from 1 to 9. If the color of the effluent was obvi-

ously faded, the effluent was then taken to measure

COD and color. To find the optimum working condi-

tion, effects of voltage (5 - 40 V) with the operation

time from 0-120 min, pH (5 - 8), electrolyte (NaCl)

concentration (0.05 - 0.40 g/L), and inter-electrode

distance (1 - 5 cm) on COD and color removals were

evaluated. The pH of the wastewater was adjusted by

using 1N NaOH and 1N H2SO4 solutions. When the

optimum operating condition was obtained, the

removal efficiencies of COD, BOD5, true color, and

TSS were measured at this condition.

2.3 Pilot scale

A pilot was designed including an EC rectangular

reactor (600 × 240 × 300 mm), connected to a sedi-

mentation tank (200 × 200 × 400 mm), both made by

acrylic resin. The filled volume of wastewater in the

reactor was fixed at 24 L. The number of electrodes

was changed from 2 to 8 with an effective area of

720 cm2 for each aluminum electrode. The pilot was

Table 1. Components of aluminum electrodes.

Element Weight (%) Element Weight (%)

Al 96.61 ± 0.67 Co 0.04 ± 0.01

Si 1.28 ± 0.22 Ni 0.10 ± 0.01

Ti 0.11 ± 0.00 Cu 0.16 ± 0.00

Cr 0.00 0.00 Zn 0.04 ± 0.00

Mn 0.17 ± 0.00 Sn 0.00 ± 0.00

Fe 1.49 ± 0.01 Sb 0.00 0.00
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run either in batch or continuous modes. The operat-

ing condition for each type of wastewater was the

corresponding optimum condition for these wastewa-

ters from laboratory results (30 V, 30 min, pH 6-7,

electrode distance of 2 cm, without mixing and add-

ing of electrolyte). During the treatment, floating

sludge was manually removed from the top of the

tank. After treatment by EC process, the wastewater

was settled for 30 min, and samples were taken to

analyze COD, color, BOD, TSS, and total nitrogen.

3. Results and Discussion

3.1 Wastewater characteristics

The characteristics of three types of wastewater are

given in Table 2 and the images of wastewater can be

seen in the Supplementary data (Fig. A). In general,

printing wastewater is generated in a low volume but

very strong in the concentration of contaminants and

varies strongly depending on the sources. The reason

would be the different types and concentrations of

inks used in each process as well as the original print-

ing wastewater with/without a combination of

domestic wastewater or/and cleaning wastewater. In

addition, the range of variation in characteristics of

S2 (n = 3) was stronger than those of S1 and S3,

which attributes to the change in printed products

from the company that generated S2 wastewater.

During this study period, their products were

changed three times, resulted in three subsamples,

denoted as S2-1, S2-2, and S2-3. 

3.2 Results of EC treatment at laboratory scale

3.2.1 The need of wastewater dilution

At the beginning, the electro-coagulation treat-

ment was designed to treat directly raw printing

wastewater. This succeeded for wastewater S1 and

S3 but did not work for wastewater S2. For raw S2

samples, applying EC treatment resulted in unstable

electric currents with no visible change in color after

30 min of EC treatment. Also, very less sludge was

generated and floated. Hence, different dilution fac-

tors were tested for these samples. Table 3 shows the

changes in COD and color of the S2-1, S2-2, and S2-

3 wastewater before and after treatment at different

dilution factors.

For S2-1 and S2-3, applying EC treatment for sam-

ples diluted at the factors (f) of 2 and 3 still resulted

in no visible change of color after 30 min of treat-

ment. This is because of too high COD and color in

raw wastewater (Table 2) as well as the diluted

wastewater. When f was equal to or greater than 4,

change in color of the treated wastewater was

observed.

The results from Table 3 also suggest that EC treat-

ment seemed to work obviously for the wastewater

with COD about 10000 mg/L. No more dilution was

required for the wastewater with COD lower than

this recommended value. It is noted that in the case of

S2-2, we selected the dilution factor f = 3 instead of f

= 2 since we desired COD in EC treated wastewater

lower than 1000 mg/L to facilitate the further treat-

ment step of the effluents. Our approach in selecting

dilution differed from previous studies using EC

treatment without dilution for paint manufacturing

wastewater (COD = 19700 mg/L [6]) and litho-

graphic wastewater (TOC = 18400 mg/L [7]). The

treated wastewater from these studies still contained

very high in COD (about 1182 mg/L) and in TOC

(3825 mg/L), which could be still hard for selecting

the next step of treatment, especially for biological

treatment. For the real industrial scale, we suggested

Table 2. Characteristics of raw wastewater from different sources.

Parameter S1 (n = 10)
S2 (n = 3, 

from S2-1, S2-2, S2-3)
S3 (n = 2)

Q (m3/day) 2.5 - 3 - -

pH 6.0 ± 0.2 8.8 ± 0.8 7.0 ± 0.1

COD (mg/L) 2511 ± 510 25920 ± 5326 2593 ± 14

Color (mg/L) 7197 ± 1236 16691 8991 53943 ± 19

BOD (mg/L) 1162 2432 1125 ± 13

TSS (mg/L) 550 - 438 ± 16

Total Nitrogen (mg/L) 51 56 -
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designing the system with the recycled line of treated

wastewater for the dilution instead of using tap water

as in this study. 

3.3 Effect of applied voltage

The effect of applied voltage on COD and color in

the effluents is plotted in Fig. 1 and the correspond-

ing current densities are given in Table 4. Images of

feed wastewater and effluents can be seen in the Sup-

plementary data (Fig. B). It is noted that we enlarged

the applied voltage to 40 V for the treatment of S1

and S3, but to 30 V for S2-2. As can be seen from

Fig. C in the Supplementary data, the wastewater

temperature increased by the increase of both volt-

age and treatment time. The temperature increased

slowly for S1 with the maximum value of 41oC at

40 V and 90 min, but significantly for S2-2, reached

95oC at 30 V and 90 min. Hence, for safety as well as

saving energy we did not operate the treatment of S2-

2 at the voltage of 40 V or higher. 

The increase in applied voltage (from 5 to 30 V), cor-

responding to the current density increase (Table 4),

resulted in better elimination of both COD and color in

the wastewater. It is explained that current density

increased led to the increase of coagulants concentra-

tion, and therefore enhancing the coagulation process.

Current density increased also led to a higher number of

bubbles generated, which promotes the flotation pro-

cess. However, COD and color removals at 30 V dif-

fered insignificantly compared to that at 40 V. 

It is further noted that for each voltage, increasing

treatment time at the beginning of the period led to a

significant increasing in COD and color removal.

However, operating the experiment for longer time

mostly unchanged or even slightly increased COD

and color in the effluents. Hence, for three types of

printing wastewater, the optimum voltage and time

for COD removal were 30 V and 30 min, which were

mostly concomitant with the suitable voltage and

time for color removal.

3.2.3 Effect of pH

Variation in pH affects solution conductivity, elec-

trodes’ dissolution, forms of aluminum species, and

zeta potential of colloidal particles [5]. In this study,

the effect of pH from 5 - 9 was examined and the

results are shown in Fig. 2. For S1, changing pH from

5 - 9 varied slightly the removal efficiency of COD

Table 3. Effect of dilution factor (f) on COD and color in the effluent of S2-1, S2-2, S2-3.

f

COD (mg/L) Color (Pt-Co)

Inf-

S2-1

Eff-

S2-1

Inf-

S2-2

Eff-

S2-2

Inf-

S2-3

Eff-

S2-3

Inf-

S2-1

Eff-

S2-1

Inf-

S2-2

Eff-

S2-2

Inf-

S2-3

Eff-

S2-3

1 23680 - 22080 - 32000 - 15908 - 12000 - 26047 -

2 - - 10880 1600 - - - - 6512 211 - -

3 NA NA 8480 864 - - NA NA 4686 166 - -

4 6640 864 6880 768 10240 960 4549 136 3770 130 7000 256

5 4720 832 5600 672 8960 896 3731 126 2441 94 4847 146

6 3680 736 5120 608 6400 800 3077 97 1722 54 3650 107

7 3040 640 4960 480 NA NA 2423 94 1139 28 NA NA

8 2720 576 NA NA NA NA 2096 64 NA NA NA NA

9 2240 512 NA NA NA NA 1769 61 NA NA NA NA

Note: f: dilution factor; Inf: Influent; Eff: effluent; “-“ no measurement was performed due to no visible change in color after 30
min of EC treatment; “NA”: not analyzed.

Table 4. Applied voltages and current densities in EC

treatment of printing wastewater.

Voltage (V)
i (A/m2)

S1 S2-2 S3

5 - - 24

10 16 99 36

20 22 165 83

30 33 198 131

40 44 - 143
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from 84.7 to 87.8%, and color from 99.4 to 99.9%,

suggesting the optimum pH of 6. For S2-1 and S3,

increasing pH affected strongly on COD and color

removal efficiency, which firstly increased and then

reduced. Maximum COD and color removal effi-

ciency was 89.7 and 96.3%, respectively, for S2-1 at

pH 6, and 89.3 and 99.9%, respectively, for S3 at pH

7. For all three types of wastewater, COD removal

efficiencies in this study at optimum pH were clearly

higher compared to those provided by electrocoagu-

lation treatment in Papadopoulos et al. [10] (72.0-

85.8%). Also, the results suggested that pH ~ 6 - 7

was the optimum range for the treatment of COD and

color in printing wastewater, possibly because of the

dependence of the forms of aluminum species on pH.

It is well known that Al3+ ions generated from anode

during electrocoagulation combine with water and

hydroxyl ions to form monomeric, polymeric, amor-

phous and less soluble species of Al [14]. Since the

solubility of aluminum hydroxide Al(OH)3 precipi-

tate is minimum at pH of 6.0 [15], large amounts of

these precipitates were formed leading to the rapid

adsorption of soluble organic compounds and trap-

ping of colloidal particles [16]. However, due to alu-

minum amphoteric character, Al(OH)3 solubility

increases as the wastewater becomes either more

Fig. 1. Effect of applied voltage on COD and color change by time
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acidic or alkaline leading to the increase of Al soluble

forms (e.g. Al3+, Al(OH)2+ or Al(OH)4
-), resulted in

the decreases of COD and color removal efficiency.

Our approach in the adjustment of pH to optimum

value differed from Adamovic et al. [8] where the EC

treatment was directly performed at initial pH (11 -

12) for printing wastewater without the evaluation of

pH effect. Optimum pH found in this study is similar

to the values finding from Bensadok et al. [14] for

COD and turbidity removal in cutting oil emulsions

and close to the optimum pH (5.7) found by Valero et

al. [12] for TOC removal in almond industry waste-

water. However, these pH values differed from

Suárez-Escobar et al. [7] who found optimum pH

8.23 for lithographic wastewater, and from Akyol [6]

with optimum pH from 4 - 8 for paint manufacturing

wastewater. Accordingly, no pH adjustment was

required for S1 and S3 whose initial pH values were

in the range of 6 - 7, but slight acidification was

needed for S2 with initial pH about 8 - 9. 

3.2.4 Effect of electrode distance

The distance between the two electrodes affects the

electrocoagulation process as the electrostatic field

depends on the distance of the electrodes [17]. Opti-

mum electrode distance in the EC treatment varied

from different studies, e.g. 0.1 cm [18], 0.5 - 1.0 cm

[8], or 2.8 cm [19]. In this study, the effect of elec-

trode distance (1 - 5 cm) on COD and color removal

was tested. As can be seen from Fig. 3, electrode dis-

tance of 1 and 2 cm provided similar COD in efflu-

ents and the best color removal was found for the

distance of 2 cm. Further broadening electrodes gap

(>2 cm) resulted in lower removal efficiencies of

both COD and color which would be due to: (i) the

decrease of current density at a fixed voltage, e.g.

current densities were 263.74, 219.78, 142.86, and

87.91 corresponding to the distance of 1, 2, 3, and

4 cm for S2-2. Similarly, current densities were

43.96, 32.97, 21.98, 16.48, and 10.99, corresponding

to the distance of 1, 2, 3, 4, and 5 cm for S1. Current

density reduction with the increase of electrode dis-

tance was also observed by Phan et al. [20], and fur-

ther mentioned by Thella et al. [21] as a consequence

of resistance increase; (ii) the decrease in the electro-

static attraction that caused a slower movement of the

generated ions [17] leading to the lower removal effi-

ciency of pollutants since Fekete et al. [22] found that

the dissolved Al from anode being active as a coagu-

lant for seconds only after its formation; and (iii) the

diminution of mass transfer in the reactor [5]. 

On the other hand, a too narrow distance between

two electrodes is also not recommended because

metal hydroxides generated get degraded by collision

with each other [23]. Thella et al. [21] also preferred

not to apply too short distances to avoid short-circuit-

ing and Sahu et al. [5] mentioned the frequent floc

deposits induced by the low level of turbulence

Fig. 2. COD and color removal efficiencies at different pH.
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between the electrodes. Hence, we selected a distance

of 2 cm instead of 1 cm for the next experiments to

facilitate the floating of sludge, its harvesting and the

convenience in cleaning electrodes.

3.2.5 Effect of electrolyte concentration and mixing

Adding salt into the EC system can increase the

conductivity of wastewater, reduce adverse effect of

other anions (HCO3
-, SO4

2-), decrease in power con-

sumption, and provide additional disinfection [24]. In

this study, electrolyte concentration in S1 and S3 was

varied by adding different NaCl dosages, i.e. 0, 0.05,

0.1, 0.2, 0.3, and 0.4 g/L. For S1, the effect of adding

salt had an unclear impact on COD removal effi-

ciency, ranged from 84 - 88%. In a previous study,

Valero et al. [12] also found the removal efficiency of

TOC was unchanged (i.e. 80%) between adding or

non-adding of NaCl. We further observed a slight

decrease in COD removal efficiencies for the treat-

ment of S3 with the increase of salt concentration

added, within 91 - 95%. Hence, the addition of salt

may not be necessary for printing wastewater, possi-

bly due to the sufficient ion existing in the raw waste-

water. 

Many studies apply mixing at different speeds, e.g.

200 rpm [25], 250 rpm [14], 450 rpm [8], and 900

rpm [7] to make the reaction solution homogeneous.

In this study, mixing at different speeds (i.e., 0, 100,

200, 300, and 400 rpm) was applied for EC treatment

of S3. Interestingly, mixing led to a slight reduction

in COD removal compared to no mixing, and pro-

vided no effect on color removal. The result from this

study is in agreement with Phan et al. [20] who

achieved the highest COD and color removal effi-

ciency in coffee wastewater without the addition of

agitation. However, it differed with the results from

several studies where the optimum speed was 300

rpm for cadmium removal [26], 150 rpm for arsenic

removal [27], COD removal in poultry slaughter-

house wastewater [28], and boron removal [29]. In

our study, the increase of COD in the effluent when

the EC treatment applied stirring would be due to the

breaking of flocs, and some floating sludge returning

back to the solution under stirring. It is further noted

that bubbles generated at two electrodes already

assisted the mixing in the solution. Since the effect of

stirring speeds has not been tested for wastewater S1

and S2, further investigation is needed for this factor

with a broader type of printing wastewater. For the

next experiments, we decided not to apply stirring in

the electrocoagulation reactor.

3.3 Results of EC treatment at pilot scale

The results from laboratory experiments provided

us the feasibility of EC for the actual treatment of

printing wastewater. Optimum conditions in terms of

wastewater dilution, applied voltage, pH, electrode

distance, mixing, and electrolyte concentration were

finalized for each type of wastewater and were

applied for pilot scale to treat S1 and S2. 

Fig. 3. Effect of electrode distance on COD and color in effluents.
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3.3.1 Effect of the number of electrodes

According to the result from laboratory scale, ratio

between electrodes area/wastewater volume (S/V)

was 2×91 (cm2)/1 (L) = 18.2 (m2/m3). For the pilot

scale, we tended to keep the value close to this ratio, by

applying 6 electrodes with monopolar arrangement

(Fig. D in the Supplementary data), resulted in the

ratio of [(6×720) (cm)2/240 (L) = 18.0 (m2/m3). This

ratio was a few higher than the value selected by

Khaled et al. [26] (i.e. 13.6 m2/m3). In addition, the

effect of the number of electrodes from 2 to 8 on COD

and color removal was investigated for S1. The current

intensity was also kept at optimum condition found

from laboratory scale, i.e. 33 A/m2 for individual unit.

As can be seen from Fig. 4, the increase in the

number of electrode improved the removal of both

COD and color because of the enlarging active sur-

face [26]. This trend was similar as the findings from

Akbal and Camcı [30] for electrode number increas-

ing from 2 to 6 in the removal of Cu, Cr, and Ni, and

from Ahmadian et al. [31] with electrode number

from 4 to 8 to treat slaughterhouse wastewater. In

term of S/V ratio, our results reinforced that increase

in S/V ratio by increase of electrode number led to

the increase in removal efficiency, which is consis-

tent with the trend found by Khaled et al. [26] where

much better removal efficiency of cadmium was

achieved with larger S/V ratio. It is noted that this

study changed the total electrical current applied for

the system to keep the current density of each unit at

33 A/m2 as the optimum value found from the labora-

tory experiment. Hence, when the number of electrode

increased, the total current required increased, resulted

in the increase in power consumption. Since the

improvement of removal efficiency was more obvious

when the number of electrodes increased from 4 to 6

(i.e. 7.2% for COD and 1.0% for color) compared

from 6 to 8 (i.e. 4.0% for COD and 0.1% for color), 6

electrodes were selected as appropriate number.

3.3.2 Comparison between pilot scale and

laboratory scale in batch operation

It is obvious that performing the treatment in the

laboratory scale where most of the conditions are

well controlled will result in better removal effi-

ciency as compared to the treatment on the pilot

scale. As demonstrated in Fig. 5, removal efficiencies

at the pilot scale were 81.9 % COD and 98.6% color

for S1 and 88.9% COD and 95.8% color for S2-2.

These efficiencies were lower than those achieved

from laboratory scale but the difference in efficiency

was small, i.e. 2.6% for COD and 0.9% for color of

S1, and 1.4% for COD and 1.5% for color of S2-2.

Fig. 4. Effect of number of electrodes on the COD and

color effluent (S1) (n = 3).

Fig. 5. Comparison between laboratory scale and pilot scale on COD and color removal from S1 and S2-2 (n = 3).
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The images of feed wastewater and effluents after lab

and pilot-scale treatment can be found in Fig. E in the

Supplementary data.

3.3.3 Comparison between batch and continuous

operation

Selection of batch or continuous operation

modes depends on the discharging regime of the

source as well as the volume of the printing waste-

water. While the batch mode is suitable for the

wastewater discharged intermittently in low vol-

ume, the continuous mode is preferred for the case

of wastewater discharged continuously with a

larger volume. In this study, we examined the per-

formance of both operation modes using S1 and

S2-2 samples, and the results are given in Fig. 6.

Obviously, compared to continue mode operation,

batch mode provided a slightly better COD and

color removal efficiency. The difference in effi-

ciency between batch and continue modes were

1.5% COD and 0.62% color for S1, and 2.07%

COD and 1.52% color for S2. 

3.3.4 Operation for long duration

To test the stability of the wastewater treatment

system in the pilot scale, experiments were con-

ducted using continuous mode with 8 h/day for 13

days using in-situ S1 wastewater. As can be seen

from Fig. 7, though COD in the raw wastewater var-

ied strongly during 13 days, from 1600 to 3360 mg/

L, COD in the effluent was quite stable in the range

of 302 - 544 mg/L. Similarly, the color in raw waste-

water was from 6060 to 9619 Pt-Co, resulted in color

of 51 - 123 Pt-Co after EC treatment. This relatively

stable outlet concentration of COD and color despite

the high variation in the inlet suggests EC as a very

Fig. 6. Effect of operational modes on COD and Color in effluents of S1 and S2-2 (n = 3).

Fig. 7. COD and color in raw and treated wastewater for long EC treatment operation.
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potential technology for the treatment of printing

wastewater in practical application.

3.3.5 Effluent characteristics

Table 5 shows the characteristics of treated waste-

water (S1, S2-3) at the pilot scale and the standard for

industrial wastewater discharging. Obviously, the

values of all parameters were significantly reduced.

Though pH, TSS, total nitrogen met the standard,

COD and color (for S2-3) were still higher than the

allowable values. The remaining COD, color, and

BOD in treated wastewater possibly existed in the

dissolved forms which could not be effectively

removed by electro-coagulation. Similarly, previous

studies also using electrocoagulation for paint manu-

facturing wastewater [6] and lithographic wastewa-

ter [7], printing ink wastewater [10], resulted in the

treated wastewater still high in COD (1182 mg/L),

TOC (3825 mg/L), and COD (≥2000 mg/L), respec-

tively. Hence, the electrocoagulation treatment is

suitable as an effective pre-treatment for printing

wastewater, and an advanced treatment process is

needed to remove the remaining contaminants. 

3.4 Electrode weight loss and sludge generation

from EC treatment

The weight loss of anode and cathode electrodes

was measured for both laboratory and pilot scale

from the treatment for S1 wastewater after running

the operation for 30 min. As can be seen from Table

6, in pilot scale the weight loss of each either anode

or cathode electrodes differed slightly from the oth-

ers. Total weight loss from both anode and cathode

electrodes was 0.098 kg/m3 which was a few lower

than the weight loss given by Valero et al. [12] for

almond industry wastewater in pilot scale. For S2-3,

weight loss of all electrodes in the pilot scale was

slightly higher compared to that in the lab scale. It is

further noted that the treatment of S2-3 consumed a

higher amount of aluminum than that of S1 due to the

higher electrical current applied for S2-3 (Table 4).

Sludge generated was collected for five minutes

and dried at 105oC before weight measurement. The

dried sludge generated at the pilot scale for S1 was

6.55 kg/m3 while this value was higher (i.e. 8.23 kg/

m3) at the laboratory scale. These both values are in

the range found by Akyol [6] in paint wastewater

Table 5. Summary of effluents’ characteristics after EC treatment by pilot scale.

Parameter S1 S2-3 QCVN 40:2011/BTNMT, column B

pH 6.5 – 7.5 7.5 – 8.5 5.5 – 9

COD (mg/L) 448 992 150

Color (mg/L) 89 202 150

TSS (mg/L) 40 36 100

Total N (mg/L) 7 40,6 40

Table 6. Weight loss of electrodes (S1) (n=2).

Electrode

Weight loss (kg/m3)

S1 S2-3

Lab-scale* Pilot-scale** Lab-scale* Pilot-scale**

Anode

1st - 0.027 -

2nd 0.030 -

3rd 0.027 -

Total (Anode) - 0.084 0.52 0.43

Cathode

1st - 0.005 -

2nd 0.004 -

3rd 0.005 -

Total (cathode) - 0.014 0.03 0.18

All electrodes - 0.098 0.55 0.61

*For lab scale, number of electrode was 2; **pilot scale, number of electrode was 6.
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treatment at the laboratory scale (approximately 5 -

16 kg/m3). For S2-2 treatment, the amount of dried

sludge collected for the pilot scale was 157.95 kg/m3

which is significantly higher than those from S1

treatment because of significantly higher COD in S2-

2 feed water (Table 2 and Table 3).

4. Conclusions

For the first time, electrocoagulation (EC) was

applied to treat real printing wastewater both in labo-

ratory and pilot scales, proving the feasibility of this

technique as an effective pre-treatment method for

these strong COD and high color wastewaters to

decrease the COD to less than 1000 mg/L and facili-

tate the further treatment step of the effluents. The

selection of this technology for printing wastewater

was based on the fact that this wastewater is gener-

ally generated in small volumes but with high COD

concentration and strong color. EC treatment was

firstly run in a laboratory scale to find the optimum

operating condition for each type of wastewater.

While the optimum condition of applied voltage

(30 V), pH (6-7), electrode distance (2 cm) was simi-

lar for three types of printing wastewater, their opti-

mum current density was significantly differed, from

33 to 198 A/m2. The results of this study also recom-

mended conducting electrocoagulation treatment

without mixing and adding electrolyte. EC treatment

at the pilot scale was then applied at both batch and

continuous operations, and for a long duration.

Removal efficiencies for the pilot scale were 81.9 -

88.9% for COD and 95.8 - 98.6% for color which

were slightly lower compared to laboratory scale (87.8

- 89.7 % for COD and 96.3 - 99.9% for color). The

weight loss of the electrode and the sludge generated

were also considered for both lab and pilot scales.

Running the system for 13 days showed stable concen-

trations of COD and color in the effluent though these

parameters in feed wastewater highly varied. 
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