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ABSTRACT

The present paper reports the Evaluation of the treatment of electroplating waste water using electro coagulation and
optimization of process/operational parameters such as the applied current, electrode material and contamination, distance
between electrodes, electrodes surface area and treatment time on the removal efficiency. Fe-Fe electrode combination at pH 8
is observed to be more efficient in the treatment of electroplating industrial waste water compared to other electrode
combination. All the metals in the waste water reached dischargeable limit. The optimum reaction time is observed to be
30min.The inter electrode distance of 1cm and electrode surface area of 40°™ is found to be better for metal removal.

Key words:- electro coagulation, electrode material, Fe-Fe electrode.
1. INTRODUCTION

Effluents released from surface finishing and plating industry usually contains metal ion concentration much higher
than the permissible limits. These metals include cadmium, lead, mercury, chromium, nickel, copper, zinc and cobalt which are
harmful to human health even in very low concentrations. Heavy metals are bio-accumulative, toxic at high concentrations,
have neurological impacts, and some are carcinogenic. They can also interfere with chemical processes by poisoning the
catalysts and can impact on biochemical processes by interfering with enzyme action. Hence serious environmental, economic
and social impacts are associated with heavy metal pollution. The electroplating industry is one such industry which produces
large volumes of metal-rich effluents (2).

There are several physical processes are involved in for reshaping a material by cutting, folding, joining or polishing,
which eventually produces high acidic waste water. The pollutants from the electroplating industries are invariably hazardous,
as the effluents contaminate air, water and soil. Some of the polluting agents have deleterious effect on human health. Various
techniques are employed for the treatment of heavy metals. They are Precipitation (2), Chemical Coagulation (3), Adsorption
(4), Bio-sorption (5), Electro dialysis (7), Electro deionization (8, 9), and Membrane separation (10-15), Electro coagulation
(28-29).

2. MATERIAL AND METHODS

2.1 Sample Collection:The electroplating industry effluent sample is collected from the outlet of chromium electroplating
industry, Hyderabad, INDIA, brought to the laboratory and then used for electrolytic treatment. The initial characteristics of the
effluent are given in Table (4.1).

Table 4.1 Intial characterization of the electroplating industrial effluent

S.No | Parameter Concentration(mg/L)

1 pH <1

2 Electrical Conductivity(ms/cm2) | 79.2 ms/cm

3 Total Solids (mg/1) 30.070

4 Total dissolved solids (mg/1) 28.100

5 Chromium (mg/1) 39

6 Nickel (mg/1) 13.5

7 Zine (mg/1) 2356

8 Copper (mg/l) 4

9 Lead (mg/1) 5.5

10 Oil grease (mg/l) 4.5 Figure 1: Schematic of Electro coagulation batch
11 Sulphtes (mg/1) 138 reactor b

12 Phosphates (mg/1) 1.6 A: glass beaker. B: Electrodes, C: Power supply unit
13 Chlorides (mg/1) 53.175

2.2 Design and Methodology of the Electro coagulation: Figure 1 shows a scheme of the experimental arrangement. Batch
electro coagulation experiments are carried out in a 250ml beaker using vertically positioned electrodes dipped in the solution.
The anode and cathode plates are made of flat plate iron, aluminum with dimensions of 1200mmx50mmx2mm. Electrodes have
a submerged reactive surface area of 40°™. The electrode spacing is 40mm. Electrodes are connected to a DC power supply
(APLAB regulated DC power supply L6403). Electro coagulation experiments are performed at a constant current voltage of
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8.0V. The electrode material (Al, Fe) suitability was initially observed (Al-Al, Fe- Fe, Al-Fe, Fe-Al), Effect of the pH (4-8),
distance between electrodes (1cm-4cm) and size of the electrode are all studied.
Samples are collected at 10min time intervals, centrifuged at 5000 rpm and filtered using what’s man filter paper. The
supernatant is analyzed for pH and residual metal content. Metal content was determined after acidification with HCI to a pH
of less than 2.0 to avoid further removal during the post-EC period. The concentrations of metals are measured using an atomic
absorption spectrophotometer. The nitrates and chlorides of wastewater are analyzed before and after the electrolytic treatment
following the standard methods for examination of water and wastewater (APHA 2005 [22]).
3. RESULTS AND DISCUSSION

The electro coagulation process is quite complex and may be affected by several operating parameters, such as effect
of the reaction time ,electrode material, initial pH, effect of electrode distance, effect of reaction surface and voltage applied.
3.1 Effect of the Reaction time: In this present study observed that (Table-3.1) the reaction time is investigated at a current
voltage of 8V. At the beginning of the process, the metal removal rate is observed to be very high. After 10min the metal
concentrations of Ni, Zn, Cu and Pb dropped to 10, 1202, 3.1 and 5.4 mg/I. After 20 min the metal concentrations of Ni, Zn, Cu
and Pb dropped to 10, 1202, 2.2 and 5.24 mg/l. later it decreased gradually. The maximum removal has been observed at
30min reaction time. The finally metal concentrations of Ni, Zn, Cu and Pb reported to be 9.5, 1200, 1.7 and 3.0 mg/l of
respectively. Above than 30min no more removal is observed. These results were also observed by Sepideh Sadeghi,
e.bazrafshan (23-24).
In this study observed in (Figure- 5.1) the current density is dropped from 0.085A/°™ to 0.075A/°™ with in 10 min reaction
time. Than after at 20 min it has dropped to 0.050A/°™ finally at 30 min it dropped to 0.030A/°™.

Table 3.1 Effect of reaction time on electro coagulation

S.No. | Parameter Final characterization .

10min | 20min | 30 nun | 40 min I ™Y
1 pH 0.9 12 1.7 1.9 Ty
2 EC (ms/cm?) 54 45 41 42 '
3 Temperature 33 35 40 40 \
4 Chromium(mg/1) 39 39 39 39 i \\_ ;
5 Nickel (mg/1) 10 10 9.5 9.5 : T
6 Zinc (mg/l) 1202 1202 1200 1200 -
7 Copper (mg/1) 31 22 1.7 1.7
g Lead (mg/l) 54 52 3 29 e e B e A o
? Oil & grease (mg/l 39 Figure 3.1 Cumrent and current density during
10 Sulphates (mg/1) 124 .. C

reactive time optimization

11 Phosphates(mg/1) 1.4
12 Chlorides (mg/1) 42,520

3.2 Effect of Electrode Material: Experiments are performed to study the effect of the electrode material at different
combinations (Fe-Fe, Al-Al, Fe-Al, Al-Fe) on metal removal. The voltage applied is 8V, surface area of electrode is 40°™, and
the results have been shown in (Table-5.2)

From the results, that the concentration of Ni (9.5mg/l) and Zn (1200mg/l) reduced more in Fe-Fe electrode

combination compared to Al-Al, Al-Fe and Fe-Al electrode combination. This might be due to the adsorption greater affinity of
Fe hydroxides (25). The concentration of Cu (0.6mg/l) and Pb (0.9mg/l) is reduced more in Al-Al electrode combination
compared to other combinations. However, the concentration of chromium remained stable in all the electrode combinations.
It has been observed (Figure-5.2) that, the selection of the electrode at its waste water original pH is quite difficult. So, pH
variation experiments carried for both Al and Fe combinations With Fe-Fe electrode combination the current density dropped
from 0.08 to 0.03A/°™. The Al-Al electrode combination the current density dropped from 0.08 to 0.04A/™. The Fe-Al
electrode combination the current density dropped from 0.07 to 0.04A/°™. In the Al-Fe electrode combination the current
density dropped from0.08 to 0.04A/°™ respectively. Maximum current density dropping is observed in Fe-Fe electrode
combination. Current density is observed to decrease with increase in the reaction time.
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Table 3 2 effect of elecorodes on electro coagulanon

Parameter Inirial | Final characterization

Fe anode-Fe cathode | Al anode-Al cathode Fe anode-Al cathode Al anode-Fe

cathode

10m | 20md | 30mu | 10mu 20mi 30mi | 10ms | 20D 30mi 10mi | 20mu | 30

n n n n n n n n n n n min
PH 07 09 1.2 1.7 1.1 1.8 32 1.2 1.8 23 15 24 33
EC (ms/cm’) 792 54 45 41 57 40 37 40 38 49 8 37
Temperature{C~) 27 33 35 40 35 43 45 33 38 40 34 20 42
Chromium{meg /T) 39 39 30 30 30 3o 39 3o 30 39 39 39 39
Nickel (mg1) 135 10 10 o5 10 10 10 10 10 10 115 115 11

5
Zinc (mg1) 2356 1202 | 1202 | 1200 | 1281 1227 1226 | 1364 | 1247 1269 1368 | 1357 | 133
5
Copper (mz1) 4 31 22 1.7 2.6 1.2 06 28 2.2 16 3 19 0.8
Lead (mg1) 55 54 5.2 30 52 2.7 09 54 5.2 41 54 40 22
Oil & pgrease | 45 39 45 41 41
(mgD
Sulphaes (mg1) 138 128 134 120 130
| Phosphates(mg1) | 1.6 14 15 14 15
Chlorides (mgT) 53.17 | 42,5490 49 630 42,540 44 800
-1

Sludge - 2.4 22 23 21
(em200ml)

{1

Figure 3.2 Cumrent and cwrent density dunng electrode Figure: 331 Cwvrent and cwrent density durmg pH

matenal vanaton. optinuzation with Fe-Fe electrode
3.3 Effect of initial pH: Experiments are performed to study the effect of different pH on the metal removal efficiency in the
electro coagulation process. The current voltage applied is 8V, surface area of the electrode is 40°™ , pH is varied (4, 6& 8) for
2 electrode materials (Fe-Fe, Al-Al), the results are shown given in (Table-3.3).
3.3.1 Effect of pH 4: With Fe-Fe electrode combination at pH 4, in first 10 min the concentration of Cr has observed to drop
from 39 mg/l to 11.5mg/l. The concentration of Cr reached to 8.5 mg/l after 20 min. There after remained stable even when the
reaction time is increased to 30 min. similar trend has observed for the other metals also. At 30 min reaction time the
concentration of Ni, Zn, Cu and Pb have been dropped to 3.5, 245, 0.2 and 0.1 mg/l respectively. With Al-Al electrode
combination, at pH 4, in 10min reaction time the concentration of Cr has been dropped from 39 mg/l to 15.3mg/l. The
concentration of Cr reached to 11.5 mg/l after 20 min. 9.8 mg/l of Cr is observed at 30 min reaction time. Similar trend has
been observed for the other metals also. In 30 min the concentration of Ni, Zn, Cu and Pb have been dropped to 7.7, 552, 0.3
and 1.0 mg/I respectively.
3.3.2 Effect of pH 6: By Fe-Fe electrode combination at pH 6 Cr concentration has dropped from 39 mg/l to 10.5mg/l in
10min reaction time. The concentration of Cr reached to 9.6 mg/l after 20 min. Thereafter at 30 min reaction time Cr
concentration has been dropped to 8.9 mg/l. similar trend is observed for the other metals also. At 30min reaction time the
concentration of Ni, Zn, Cu and Pb have been dropped to 2.3, 147, 0.1 and 0.1 mg/l respectively. With Al-Al electrode
combination at pH 6, the concentration of Cr has dropped from 39 mg/I to 9.6mg/l. The concentration of Cr reached to 8.7 mg/I
after 20 min. There after at 30 min reaction time Cr concentration dropped 8.5 mg/l. similar trend has observed for the other
metals also. During 30min reaction time the concentration of Ni, Zn, Cu and Pb has been dropped to 1.1, 146, 0.1 and 0.6 mg/I
respectively.

3.3.3 Effect of pH 8: with Fe-Fe electrode combination at pH 8, the concentration of Cr has dropped from 39 mg/I to 7.4 mg/I.
with in the first 10 min the concentration of Cr there after remained stable even when the reaction time is increased to 20 min
and further to 30 min. Similar trend is observed for other metals also. Finally at30min reaction times the concentrations of Ni,
Zn, Cu and Pb have dropped to 0.4, 25, 0.1 and 0.1 mg/l respectively.
With Al-Al electrode combination Cr concentration has dropped from 39 mg/l to 9.5mg/l in 10min at pH 8. In 20min it reached
to 8.0 mg/l. There after at 30 min reaction time it dropped to 7.4 mg/l. similar trend is observed for other metals also. At30 min
the concentration of Ni, Zn, Cu and Pb has dropped to 0.82, 160, 0.2 and 0.4 mg/I respectively.

il
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Finally, the maximum metal removal has been observed at pH-8 with Fe-Fe electrode combination. The reason for Fe
suitability might be due to iron oxide’s effective adsorption capacity (25).

The change in pH during the process is dependent on the anode material and the initial pH value of the treated solution. The
increase of pH at initial pH lower than < 1 is ascribed to the hydrogen evolution and the generation of OH- ions at the cathodes
(Vik et al., 1984). In alkaline medium (pH>8) the final pH does not change markedly because the generated OH- ions at the
cathodes are consumed by the generated Fe3+ ions at the anode forming the needed Fe(OH)3flocs. Furthermore, OH- ions can
also partially combine with Cr3+ ions to form the insoluble hydroxide precipitate Cr (OH)3.

The metal removal is considerably at pH 4-8, The decrease in removal efficiency at strong acidic and strong alkaline pH was
described by other researchers (Adhoum et al., 2004; Vasudevan et al. 2009). It was ascribed to an amphoteric behavior of
Fe(OH)3 which leads to soluble cations Fe3+ , Fe(OH)2+, Fe(OH)2+ (at acidic pH) and to monomeric anions Fe(OH)4-,
Fe(OH)63-, Al(OH)-4(at alkaline pH). It is well known that these species are not use full for water treatment. For these reasons
the electro coagulation process was conducted in the pH range 4-8 It observed that the removal percent of metals is increased
with increase in pH from 4 to 8 like as Shiva Kumar (26).

In this study current density variations observed (Figure: 3.3.1) for Fe-Fe, at different pH’s (4, 6, and 8). It is constant for the
pH 4 0.05A/°™, at pH 6 it dropped from 0.05 to 0.04A/°™ and at pH-8 it is constantly maintained at 0.07 A/°™,

In this study current density variations observed (Figure: 3.3.2) for Al-Al at different pH (4, 6 and 8), at pH 4 it has dropped
from 0.06 to 0.05A/°™, it is constant for the pH 6 0.06A/°™ and at pH 8 drooped from 0.07 to 0.05 A/™. Current density
dropped has observed to be maximum at pH 8, which is evidence for removal of contaminants.

3.4 Effect of Electrode Distance: Experiments have been performed to study the effect of electrode distance on metal removal
efficiency. The current voltage applied is 8V, area of electrode is 40°™ and the solution pH is 8. The experiments are
conducted by varying electrode distances (4, 2 and 1cm) and the results have shown in (Table-3.4).

At an electrode distance of 4 cm, the metal removal is observed to be very less. With in10 min the concentration of Cr has
dropped from 39 mg/l to 7.4 mg/l. There after the concentration of Cr remained stable even when the reaction time is increased
to 20 min and 30 min. similar trend is observed for the other metals also at 30min reaction time the concentration of Ni, Zn, Cu
and Pb has dropped to 0.4, 25, 0.1 and 0.1 mg/I respectively.

When the distance between the electrodes is reduced from 4 cm to 2 cm an improvement in the metal removal is
observed, in 10 min the concentration of Cr has dropped from 39 mg/l to 1.7 mg/l. There after concentration remained stable
even when the reaction time has increased to 20 min, by the end of 30 min the concentration of Cr has dropped t01.6 mg/I.
similar trend has observed for the other metals also. The concentration of Ni, Zn, Cu and Pb drooped to 0.5, 0.1, 0.1 and 0.04
mg/l respectively after 30 min of reaction time.

As the distance between the electrodes is further reduced to 1 cm, a drastic change in the removal rate of metal content
is observed. With in 10 min and 20min the concentration of Cr has dropped from 39 mg/l to 1.9 mg/l and 1.7 m/l. There after at
30 min reaction time Cr concentration dropped to 1.5 mg/l. similar trend also has been observed for the other metals. After
30min of reaction time the concentration of Ni, Zn, Cu and Pb have been dropped to 0.5, 0.08, 0.08 and 0.03mg/I respectively.
Finally the maximum metal removal has been observed at 1cm electrode distance. This is because the shorter distance speeds
up the anion discharge on the anode and improves the oxidation.

The resistance between the electrodes decreases with reduction in the inter electrode distance, leading to a higher flow
of the current (27). It can be further noticed from table that all metals removal achieved to their dischargeable limits in 30 min
at lower inter electrode distance. In the EC process, ions generated from the anode and cathode combine to form flocs. The
travelling time of the participating ions in the EC reaction decreases with a decrease in the inter electrode distance, resulting in
a higher removal efficiency for a lower duration electrolysis (27).

During the experiments (Figure: 3.4) the current density has observed at different inter electrode distances of 4 cm, 2 cm and 1
cm. at 4cm. it has been constant at 0.07A/°™, at 2cm it dropped from 0.07A/°™ to 0.06 A/°™, and at 1 cm it dropped from
0.07A/°™ t0 0.05 A/™,

3.5 Effect of electrode reaction surface area: The effect of electrode reaction surface area on metal removal is carried at 3
different (40°™, 20°™, 10°™) surface areas and the results have shown in (Table-3.5).

At a surface area of 10 °™, 20 ™ the metal removal observed is lower than 40 °™. The concentration of Cr, Ni, Zn,
Cu and Pb are reduced to 2.0, 0.5, 0.1, 0.1 and 0.07 mg/I within 30 min with both 10 ™, 20 “ respectively.

At a surface area of 40 °™, the metal removal rate is observed to be effective. In 30min the concentration of Cr, Ni,
Zn, Cu and Pb dropped to 1.5 mg/I, 0.5, 0.08, 0.08 and 0.03 mg/I. similar trend has also observed for the other metals.

Finally the maximum removal of metals has been observed with 40°™ reactive areas. These metals are achieved to
dischargeable limit. Large surface area has efficiency because increase anions and cations (27).

In this present study observed that (Figure-3.5) the current density for different surface area 40°™, 20 °™ and 10 “™.
At 40 °m§ it dropped from 0.07 to 0.05A/°™ at 20 °™ it dropped from 0.14 t00.13A/°™, at 10 “™ it dropped from 0.25 to
0.24A/™
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Table: 3.3 Effect of the different pH on Electrocoagulation

S | Parameter Fmnal charactenzation
Fe -Fe Al-Al
o pH4 pH-6 pH-8 pH-4 pH-6 pH-8
10 |20 |30 |10 |20 (30 |10 |20 |30 |10 (20 [30 |10 |20 |30 |10 |20 | 30m
E n n n n n n n n n n n n n n n
1 |pH =] |55 |60 [60 |63 |63 |63 |82 (89 [92 |43 |4 4 64 68 |71 |84]92 91
2 | EC (ms/cm?) T79. | 40. | 37. | 39. |36, |37 [37. |43 |45 |46 |39 [ 40 |40 |40 |41 [37 |41 |39 |3s
2 1 6 4 8 8
3 | Temperature 27 (34 |40 |44 |34 |38 [42 |35 |41 |44 |35 [45 |53 |38 |43 |52 [40 |44 |53
O
4 | Chromium 39 11 |85 |85 |10. |96 (89 |74 |74 |74 |15 |11. |98 |96 |87 [85 |95 |80 |74
(mgD) 5 5 3 |5
5 | Nickel (mg/1) 13. |58 |39 |35 |40 |28 (23|07 |05 |04 |84 |77 |77 |11 |11 |11 |10 |08 |0B82
5 2 0 4 3 4
6 | Zinc (mg1) 235 (460 |26 |24 |32 |23 (14 |28 |26 |25 |64 [55 |55 [27 |23 |146 |20 |19 | 160
6 5 5 1 7 7 0 8 2 8 5 8 4
7 | Copper (mg1) |4 02 |02)02(02]02]01]01 |01 |01 |05]|]04 |03 ([02]01(01 |02]02]02
8 | Lead (mgl) 55 (020101 |02(|02(01]01 |01 )01 |11 (|10 ]|10]|10 |09 |06 [07]|06 |04
9 [0l &greaze |45 |36 28 21 34 31 28
(mg/l
1 | Sulphates 138 | 74 71 60 80 68 63
0 | (mg)
1 | Phosphates 16 |09 0.7 05 1.2 09 0.7
1 | (mg1)
1 | Chlondes 53. | 28.270 27090 25.544 29,962 26.342 24252
2 | (mgl 175
1 | Sludge - 56g 53¢ 68¢g 55g 55g 56g
3 | (em200ml)

3.6 Effect of applied voltage: In all electrochemical processes, applied current is the most important parameter for controlling
the reaction rate within the electrochemical reactor. The current determines the coagulant dosage rate, the bubble production
rate, and fluid regime (mixing) within the reactor. This variation is carried to evaluate Electrocoagulation as a technology to
provide a low cost and low maintenance.

In this present study, voltage variation of at 4V, 8V are carried. At 8V, the maximum removal of metals is observed
from (Table-3.6) the metal concentration of Cr, Ni, Zn, Cu and Pb is observed to reached 1.5mg/l, 0.5 mg/l, 0.08 mg/l, 0.08
mg/l and 0.03 mg/l at 30 min respectively. At 4V, the metal concentration of Cr, Ni, Zn, Cu and Pb is observed to reduce to
2.5mg/l, 0.72mg/1, 0.11mg/l, 0.15 mg/l and 0.14 mg/l at 30 min respectively. From the results, it is observed that the reaction in
metal concentration is maximum at 8v compared to 4v. This might be because of ascending the voltage directly increases both
the coagulant dose and bubble generation rate, as well as strongly influences both mixing of solution and mass transfer at the
electrodes (31). Feryal Akbal also observed the same order of removal while treating the metal plating wastewater (Cu, Cr and
Ni)

During the experiments (Figure-3.6) the current density has observed at different voltages of 8v and 4v. At 8V the
current density dropped from 0.07A/cm2 to 0.067A/cm2, 0.065A/cm2 and 0.055A/cm2 within 10, 20 and 30min respectively.
With 4Vcurrent density dropped from 0.041 A/cm2 to 0.039 A/cm2, 0.035 A/cm2 and 0.03 A/cm2 during 10, 20 and 30min
respectively.

Conductivity in water is affected by the presence of inorganic dissolved solids (salts and metals). It is directly related
to the current drown by electrolytic solution. However the current density is directly proportional to the current drown by
solution. In present study the relationship between heavy metal removal and current density has studied. In every experiment it
has observed that the current density has decreased continuously. It might be due to the removal of metals and remaining
density or conductivity is due to the presence of the dissolved salts of the solution (33).

JCHPS Special Issue 3: October 2014 www.jchps.com Page 115



National Seminar on Impact of Toxic Metals, Minerals and Solvents leading to Environmental Pollution-2014
Journal of Chemical and Pharmaceutical Sciences

Table: 3.4 Effect of electrode distance on Electrocoagulation

ISSN: 0974-2115

Final charactenzation Limats
SNo | Parameter Inihal | 4cm distance 2em distance lem distance
10mun | 20pun | 30pun | 10mun | 20oun | 30oun | 10mun | 20min | 30oun
1 PH 0.7 82 89 92 10.1 9.9 11.1 10.5 11.2 10.2 6.0t09.0
2 EC(ms/cm?) 792 43 45 46 39.2 434 442 47 484 534 -
3 Temperature 27 35 41 44 35.9 406 452 35.7 38.2 396 -
4 Cr (mg/1) 39 74 74 74 1.7 1.7 1.6 1.9 1.7 1.5 20
5 Ni (mg1) 13.5 0.7 0.5 0.4 0.5 0.5 0.5 0.6 0.6 0.5 30
[ Zinc (mg/T) 2356 28 26 25 0.1 0.1 0.1 0.7 0.2 0.08 50
7 Copper(mg/1) 4 0.1 01 0.1 0.1 0.1 0.1 0.09 0.09 0.08 30
8 Lead (mg) 55 0.1 0.1 0.1 0.05 0.04 0.04 0.03 0.03 0.03 0.1
9 Shudge - 68¢g 68¢ 65g -
(gm/200ml)
10 Ol& grease | 4.5 2.1 1.2 08 10
(mg’l)
11 Sulphate (mg/T) | 138 60 48 31 400
12 Phosphates 16 05 0.03 0.02 5
(mg/l)
13 Chlondes(mgT1) | 53,175 | 25,544 20,561 19 852 -

[

k_.,_.
L1

Figure: 34 Cumrent and current density dunng inter
electrode distance optimization.

Table: 3.5 Effect of elecrode reaction surface area on Elecrocoagulation

g

LN

Figure: 3.3.2 Cwrent and cumrent density dunng pH
optmuzaton with Al-Al electrodes

SNo | Parameter Initial | Final characterization Limits
30cm: 20cm’ 10cm’
10min | 20min | 30min | 10nun | 20mun | 30min | 10min | 20min | 30min
1 pH 07 105 112 10.2 107 |936 |972 113 105 |95 6.0t0
0.0
2 EC(ms/cm’) 792 a7 3834 |534 |43a8 |439 [499 [a7a [461 | a5 -
3 Temperanre 27 357 |382 |396 [375 |257 |457 |339 |38 30 -
3 Cr (mel) 30 10 17 15 2.1 21 2.0 2.0 19 16 2.0
5 Ni (mzD) 135 06 06 05 0.6 0.6 05 06 05 0.5 3.0
= Zn (mg1) 2356 |07 02 008 |01 01 0.1 03 0.1 0.1 5.0
7 Cu (megD) 3 009 |o009 |o008 |01 0.1 000 |01 0.1 0.1 3.0
8 Lead (mg1) 55 003 |o003 |oo03 [ooe [oos [oo05 |01 o008 |[o007 |01
o Sludge - 64¢g 67 Tag -
(Em200ml)
10 Oil& 15 0.79 0.85 1.21 10
grease(ms1)
11 Sulphates (me/1) | 138 31 33 36 300
12 phosphates(mg1) | 1.6 0.02 0.02 0.03 5
13 Chlorides(mz1) | 53.175 | 19,852 24,106 24.106 -
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TR

Figure: 3.5 Current and current density duning reactive area
opumizaton

=
=
=

Figure: 3.6 Cwrent and cwrent demsity dunng voltage
variation

4. CONCLUSIONS:

Fe-Fe electrode combination at pH 8 is observed to be more efficient in the treatment of electroplating industrial waste water

compared to other electrode combination. All the metals in the waste water reached dischargeable limit. The optimum reaction

time is observed to be 30min.The inter electrode distance of 1cm and electrode surface area of 40cm2 is found to be better for

metal removal.
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