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ABSTRACT

With the rapid increase in population, developmémiarks and industries, the environment is boundged
polluted, if timely steps are not taken for progeratment of the pollutants, before allowing theirxing

in the raw form with the main components of theremment i.e. air, food and water, earth, forests.avhich
are the life sustaining resources available in grironment. The need of the hour is to adopt sacesteps for
proper treatment of all types of wastes that araayated in the society due to our own day to dayidies. The
electroplating of a metallic product is done to peat it from corrosion and to give a decorative amooth
finish. This paper deals with Characterization, qtification and treatment of electroplating Industr
wastewater. The wastewater was treated with Festoaagent for the removal of heavy metals. Theltesu
indicated an increase in the percentage reductibieavy metals with an increasing dose of Fentoeagent.
Hydrogen peroxide alone was not effective in thenaeal of heavy metals. However, hydrogen peroxide i
combination with ferrous Sulphate (Fenton’s reagevds effective in the removal of heavy metals.

Keywords: Characterization, treatment, electroplating, heaeyals, sustainable environment.

INTRODUCTION

The human activities development in different fieldas given rise to pollution in such fields. Theréase in
vehicles/ transport based on age old technologyoaf/entional petrol/ diesel engines with their smeknissions
have downgraded the quality of air, causing Airlir@n and Noise Pollution. The increase in popalathas
resulted in unplanned habitations giving rise ttiiegs of forests, waste water discharge withowt taeatment into
the rivers/ streams downgrading the quality of reltwvaters causing water pollution. Similarly theowth of
industries, especially in an unplanned manner Witlustrial discharge of toxic/ non toxic chemicaisétals has
also added to the pollution of natural waters. €qailibrium between earth's life forms and the smvinent that
was existing since last so many years has beemgadad with above human activities and this hastnechealth
hazard for the human beings themselves. Theretbeeneed of the hour is to adopt necessary steppréper
treatment of all types of wastes that are generatedir society due to our own day to day actigitid/e generate
ail types of wastes viz in the form of solid, ligugaseous etc. These could be further categobased on localized
domestic/ commercial/ medical/ industrial acti\gtieThe wastes pollute our earth, air, water, plamnd are
hazardous to our health if not treated and disppsegerly. Electroplating is usually carried outthvNi, Zn and
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Cu. The most common type of electroplating is bingNi (Nickel plating). The cell specificationsrfoickel
plating are as follows:

Electrolyte:NiSQ or NiCl, dissolved in demineralised water (DMW).
Anode (+ve) :Ni
Cathode (-ve) :Cu

The Ni anode is stored in titanium bags to preteetfalling of anodic sludge. In the electrolytdwdmn, Boric
acid (HBO3) is added in the electrolyte to ensure smoothtedptating[1].

Applications of Electroplating

(a) Electroplating is used for Decoration or Better Appearance. Ineorb increase commercial as well as
decorative value, base metals such as iron, bagmper, aluminum alloys etc are electroplated vgjtid,
silver, nickel chromium, palladium, platinum, rhadi and copper etc. For special decorative effants t
cadmium, lead, platinum etc are also used. Onelmeg be electroplated over the base metal or kxy ahay
be electroplated over the base metal or severalsetay be plated one over other on the base ragtal[

(b)Plating for protection

Electroplating has widely been used for deposifingtective coatings on iron and steel articles totgct them
from corrosion, rusting and chemical attack. Prtiter metals applied on iron and steel articles are,
cadmium, nickel, chromium, tin and copper etc.[3]pPer and chromium provide protection against ingsti
and chemical attack, while chromium plating givese and clean metal appearance and corrosiongticneoo.
The three coating electroplating has widely beezdus automobile industry, followed by lock. Foetkake of
protection, the galvanic effect of the metal coujplened by electroplating should also be considefedalvanic
couple, formed by the plated metal with the bastahshould not be such that it may increase theos@n of the
base metal instead of preventing it[4].

(c) Plating for Special Surfaces

There are plants, one part of which can be eaallyidated with an alloy and has got the require¢harical
strength too, but is readily corroded when subpktbeatmosphere of working or working conditionsslich cases,
the part requiring corrosion resistance is excklgielectroplated with a corrosion resistant mata it serves the
purpose in an excellent manner. For example, ieritdl combustion engines, an electroplated chromium
coating not only avoids the wear, but also imprdawesrunning performance[7].

(d) Electroplating for Engineering Effect

In engineering, electroplating is employed for tewrgry use in metal treatment. Thus before carbugizihe
steel parts are copper plated, in order to avoiburézing at undesired portions. Similarly, portsoof steel are
protected from nitriding in hardening process bgcéloplating tin or copper-tin alloys on steel mors[5].

(e) Electroplating on Non-metallics

Non-metallics such as glass, cloth, porcelain, Hegt wood, dried leaves etc. are also electropldted
decoration, for preservation, for obtaining a coctilee surface, for increasing their strength anddbtaining
light weight parts with the properties of metal faices. For example, radar antenna masts made dfviaod

or of synthetic resins are electroplated with capp€lectroforming as well as electrotyping both are
examples of electroplating of the non-metallics[6].

(f) Electroforming

Formation of articles by electro-deposition of nigta called electroformingn which the layer of plated metal
is quite thick. For example, many parts used incaaft, radio, radar, automobile industries arettgforming
products.

Sources and Characteristics of Plating Waste

Cleaning

These operations contribute to alkali waste coimginNaOH, carbonates, silicates, wetting agents and
emulsifiers. Whenever cleaning is performed withaoiic solvents, the effluent from this operatiomsists of

the solvents such as benzene, toluene, petradeteell as emulsifiers[8].
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Stripping or Pickling
These effluents contain unused acids (e.g., HGE® and HNQ) and ferrous sulfate.

Electroplating

All the constituents of the plating baths contribti® the wastewater stream either through part-dtagbatch
dump or floor spill. Electroplating baths may cant&u, Ni, Ag, Zn, Cd, Cr, Sn, Pb, Fe, ammonia, tce
anionic components likely to be present includeab®r cyanide, fluoride, tartrate, phosphate, ctigrisulfide,
sulfate, sulfamate, nitrate, etc. Further, manyeotidditives to induce grain refining, deposit braning, surface
leveling, etc. are also added to the plating bathese include Mo, Se, As, Co, saccharin, aldehyates all of which
contribute to the waste streams. Apart from thesetaminants like oil, grease, biodegradable msisspended
solids, etc. may also be present in the wastewafrs

Effects of the waste
(i) Plating effluents are highly toxic and corrosiv

(ii) Cyanide, chromic acid, chromates, salts of\nemetals, e.g., Cd, Pb, Ni, Zn and Cu presenttaxe
to aquatic life. Their toxicity to micro-organisnrsibits self-purification property of the streams.

(iii) Fe, Snetc. impart color to the receiving stream.
(iv) Phosphates and nitrates present in the eftlbelp in excessive algal growth which is undedegab
(v) Colloidal and suspended impurities impart urtaesic appearance to the stream

(vi) Owing to the toxic nature of the effluentsgethare not disposed into the rivers or water caursbey
are generally discharged into sewers. If cyanideoiscompletely removed, the HCN gas formed maygdff
the workers in the sewage treatment plant and sewstem. The organic solvents may cause explosidhe

sewer system. Oils and greases present may intewih the biological treatment of the sewage. Acidr

alkaline plating effluents may corrode the concrstaictures. Suspended impurities present may theg
municipal sewer system[11].

(vii) Arsenic (As)
As is highly toxic, it is a chronic, cumulative goin and may cause eruptions on the skin and istedi@ a
causative agent of some forms of cancer.

(viii) Cadmium (Cd)
Cd affects metabolism and may substitute fof*Ga the bone structure. In fact Cd result in thealitai"
disease, a seriously crippling effect, observethjpan, is a result of Cd replacing Ca in the btnetsire.

(ix) Cyanide (CN)
Cyanide combined with Hforms deadly HCN, which boils at 26°C and is véapgerous.

(X)Iron (Fe)
High concentrations of Fe may stain laundry antlifes, etc.

(xi) Lead (Pb)

Lead is known as cumulative poison and has beewkito cause a disease called "Plumbism".
(xii) Hexavalent Chromium (Cr*®)

The harmful effects of water borne diseases arecased with hexavalent chromium. ‘€of 10 mg/kg of body
weight will result in necrosis and nephritis in hambody. Low dose causes irritation of the gastesitimal
mucosa, while CF in high doses have been reported to be the cafiskgestive tract cancer, lung cancer
and maxillary sinus cancer. Most commonly electitgdl metals are Zinc, Nickel, Chromium, Aluminiu@gpper,
Cadmium etc. Out of these, chromium plating is @fiehe most widely used forms of electroplating and
constitutes an important source of toxic heavy friisgharges. [4]
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Quality of the Electroplating Waste
The sample test results of waste before and aféetment in the industry, in two such units areegibelow:

Sl. No Parametel Before Treatme! After treatmer

1. pH 5.60 6.98

2. TSsS. 100.00 mg/1 50.00 mg/1
3. Oil & Grease 8.00 mg/1 4.00 mg/1
4. Temperature 25°C 26°C

5, Total Chromium 0.19 mg/1 0.08 mg/1
6, Hexavalent Chromium  0.07 mg/1 N.T.

7, Nickel 5.82mg/l 1.75 mg/1
8, Copper 12.94mgl/l 1.46 mg/1
9, Cadmium 0.03mg/I 0.01 mg/1
10. Total Residual Chlorin  15.58 mg/1 N.T.
11. Total Metal 19.03 mg/1 3.30 mg/1

From the sample test results, it could be seenttimigenerated raw waste contain pollutants infohe of
heavy metals, suspended solids and PH and musiviee guitable treatment to bring up to the perntikesi
limits before discharging in open drain/ public EwOne instance of Nickel could be taken. The vaste
is found to contain 5.82 mg/1 of Nickel againstméssible limit of 3 mg/1 and total metal have bdeund
19.03 mg/1 against permissible limit of 10 mg/1.pBer have been found as 12.94 mg/1 against peibtassi
limit of 3 mg/1. Hence, a treatment of raw wasteeiguired.

EXPERIMENTAL SECTION

Source of Waste Water for analysis

The Waste water was obtained from M/s Sigma Eletiting Industry, Anoopshahr Road, Aligarh (U.Rrdia
which is a sister concern of M/s Link Locks (P) Lbddustrial Estate, Aligarh (U.P.). The Wastewa@mples were
analyzed in the Environmental Engineering Labslagakh Muslim University, Aligarh(U.P.)

pH adjustment

The initial pH of the waste water was maintainedt.& by using 1N k50, and/or NaOH solution as at this pH
maximum efficiency in the performance of Fentorgagent was observed. Also at this pH iron ionsstakle in the
divalent state and the precipitation of ferric fydde is avoided.

Addition of Fenton’s reagent

In this step the Fenton’s reagent was added in ddterent amounts in the Wastewater (kept in fiaus of the jar
test apparatus). The mixing of the reagent was dgnthe stirring device, at an agitation rate 00 3pm for 5
minutes.

Instrument used for analysis of heavy metals

The concentrations of Chromium, Copper and Nickehie samples were analyzed by Atomic Absorptiothot
using Atomic Absorption Spectrometer accordinghte methods specified by the “Standard Methods”519&th
edition.

RESULTS AND DISCUSSION

The effect of various doses of Fenton’s reagenthenremoval of Cr, Cu and Ni without adjusting fhté of the
wastewater is presented in Table 1, Table 2 andeTabespectively. The results indicate an incréagbe Cr, Cu
and Ni removal with an increasing Fenton’s reagige. A 53.15 % removal of Cr, 48.53 % removal afabd
26.46 % removal of Ni is observed at the Fentoeagent dose containing 20 ml of®  This is due to the
increase in the production of hydroxyl radicalhigher doses of hydrogen peroxide. The effect oous doses of
Fenton’s reagent on Cr, Cu and Ni removal with gljustment is presented in Table 4, Table 5 and €T &bl
respectively. The results indicate an increas@énpercentage reduction of heavy metals with areasing dose of
Fenton’s reagent .A 60.00 % reduction of Cr is ol at a Fenton’s reagent dose containing 20 rhlydfogen
peroxide with 1.0 g of ferrous sulphate.A 59.81éduction of Cu is observed at a Fenton’s reagesg dontaining
20 ml of hydrogen peroxide with 1.0 g of ferrouspbate and a 48.79 % reduction of Ni is observethatsame
dose of Fenton’s reagent as in case of Cu. It3s abserved that for each dose of the Fenton’sergathpe
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percentage reduction efficiency which is obtainédrahe pH adjustment is higher than that withadfusting the
pH. This might be due to the generation of Fe(OH)#ich is generating the OH radicals in the pH 6.

Table 1: Chromium Removal Results without pH change

" Dose of Fenton's .

Sample Initial CC::ronc. of Reagent R(.T.?:]téon Rceghgr. Cr Reduction
No. ’ H202 | FeS04.7H20 : (%)

(mg/l) ) « ™ | (mgh)

1. 0.190 5.00 1.00 24 0.110 42.10
2. 0.190 10.00 1.00 24 0.102 46.31
3. 0.1€0 15.0( 1.0C 24 0.09¢ 48.42
4, 0.190 20.00 1.00 24 0.089 53.15

Table 2: Copper Removal Results without pH change

" Dose of Fenton's .

Sample Initial ggnc. of Reagent Ri?rztéon Rgz'ngu' Cu. Reduction
No. ; H202 | FeS04.7H20 ' (%)

(mg/) ) 9 M | (mgh

1. 12.94 5.00 1.00 24 7.84 39.41
2. 12.94 10.00 1.00 24 7.24 44.04
3. 12.94 15.00 1.00 24 6.89 46.75
4, 12.94 20.00 1.00 24 6.66 48.53

Table 3: Nickel Removal Results without pH change

. Dose of Fenton's . .

Sample Initial ?\:‘?nc' of Reagent ReT?r::]téon ?;ﬁé\“ Ni Reduction
No. H202 | FeS04.7H20 ' (%)

(mg/l) () @ ™ | (mgh

1. 5.82 5.0C 1.0C 24 4.4¢€ 23.3¢
2. 5.82 10.00 1.00 24 4.42 24.05
3. 5.82 15.00 1.00 24 4.36 25.08
4, 5.82 20.00 1.00 24 4.28 26.46

Table 4: Chromium Removal Results at pH = 4.0

. Dose of Fenton's .

Sample Initial CC:::)nc. of Reagent Rfl".?:]téon Rcesr']fr Cr. Reduction
No. ) H202 | FeS04.7H20 ' (%)

(mg/l) () o () | (mgh)

1. 0.190 5.00 1.00 24 0.091 52.10
2. 0.190 10.00 1.00 24 0.085 55.26
3. 0.190 15.00 1.00 24 0.081 57.36
4, 0.1€0 20.0( 1.0C 24 0.07¢ 60.0(

Table 5: Copper Removal Results at pH = 4.0

I Dose of Fenton's .

Sample Initial gl?nc. of Reagent ReT?r::]téon Rcegh(éu. Cu. Reduction
No. p H202 | FeS04.7H20 ’ (%)

(mgh) ) @ M | (mgh

1. 12.94 5.00 1.00 24 5.76 55.48
2. 12.94 10.00 1.00 24 5.61 56.64
3. 12.94 15.00 1.00 24 541 58.19
4. 12.94 20.00 1.00 24 5.20 59.81
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Table 6: Nickel Removal Results at pH = 4.0

. Dose of Fenton's ) .

Sample Initial ?\:‘?nc' of Reagent ReT?nitéon ?;ﬁé\“ Ni Reduction

No. H202 | FeS04.7H20 ' (%)
(mg/l) ) 9 M | (mgh

1. 5.82 5.00 1.00 24 3.92 32.64
2. 5.82 10.00 1.00 24 3.61 37.97
3. 5.82 15.00 1.00 24 3.31 43.12
4, 5.82 20.00 1.00 24 2.98 48.79

CONCLUSION

The following conclusions were drawn from the presavestigation on the treatment of electroplativeste water
by advanced oxidation process using Fenton’s réagen

» Hydrogen peroxide alone was not effective in threaeal of heavy metals.

» However, hydrogen peroxide in combination with deis Sulphate (Fenton’s reagent) was effective & th
removal of heavy metals the removal efficiency @ases with increase in hydrogen peroxide concésrirat

» The removal efficiency of heavy metals increaseadjysting the pH of the solution to 4.0.

» The results show that about 60% of Cr, 60% Cu d@% 6f Ni can be removed from an electroplatinguefiit by
advanced oxidation process using Fenton’s reagexidic pH of 4.0.
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