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ABSTRACT

This study elucidates the reduction of organics from metalworking fluid
(MWFs) through batch electrocoagulation (EC) reactor using iron elec-
trodes. The effect of the working parameters, such as current density (0.8-
3.0A/dm?) and electrolysistime (330 min) wereinvestigated in this system
to achieve amaximum chemical oxygen demand (COD) and color removal
efficiency for MWFs effluent. A constant current density of 0.8 A/dm? was
maintained throughout the process. During EC treatment the pH increases
and reaches amaximum of 6.8 at 210 min where maximum COD and color
removal efficiency of 85% and 95% respectively; were observed. The re-
sultswere analyzed using kinetics modelsand a high coefficient of determi-
nation value (R?=0.9948) for first-order regression model was observed.
This study shows that EC technique can be employed to treat MWFs and
reduce the pollutant load before biological treatment process to meet the
discharge standards. The results suggest an important role of these param-
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INTRODUCTION

Metd finishingindustries, metal processngindus-
tries, iron & sted manufacturing industries, eectroplat-
ingindugtriesetc producealargevolumeof highstrength
MFWsthat causeseriousenvironmenta problems. The
effluentsfromtheseindustriesoccupy thefifthrank with
respect to discharging pollutantsinto local water bod-
iesand sewagesystems*- 2. TheMFWswhich arechar-
acterized by ahigh organic load, dark color, low pH
and low biodegradability index cannot betreated by
biologicd methods?. Indiahasalarge number of metal
process ngindustriesthat generatehugemillion litersof
wadtewater annually. Themetalworking fluids(MWFs)

contai n various pollutants (biocides, corrosioninhibi-
tors, extreme pressure and anti wear agents, emul sifi-
ersand surfactants) and have ahigh Biochemica Oxy-
gen Demand (BOD), Chemical Oxygen Demand
(COD), Tota Organic Carbon and adark colourt,
Various methods are practiced for thelast two de-
cadesto treat the effl uent. Techniquessuch aschemica
coagulation, precipitation, co-precipitation, air flotation,
floccul ation, adsorption, ion exchange processes, men-
brane processes, biological processes, phytoextraction,
extraction, ozone oxidation and el ectrochemical pro-
cessesarewidely used for effluent trestment’™>3. Elec-
trochemical coagulationisone of the processthat can
be employed to treat any kind of wastewater such as
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electroplating wastewater®, pharmaceutica wastewa-
ter*, petrochemical wastewater™, municipal waste-
watert*, paper and pul p wastewater*3, brackish war
ter™ portablewater, oil mill wastewater, nitrite efflu-
ent, textile dyes, agro industries wastewater, laundry
wastewater etc!9. Electrocoagulation (EC) provesto
beanided techniquefor effluent treetment because of
itsversatility, energy efficiency, amenability, cost effec-
tiveness*® and environmental competibility!*7.

During EC processit producesaseries of active
ionic specieslike Fe?* and Fe* that destabilizefinedis-
persed particlesin the solution and these destabilized
particlesare aggregated to form flod*® 1. TheseFerric
ionshaveadidtinct advantageover duminumions(Al*)
because of itsharmless property and are not toxiclike
auminumiong®,

Thedissolved contaminants present in the effluent
areremoved by sorption, coagul ation and other pro-
cesses by applying electric current!?-23, El ectrocoagu-
lation (EC) isnot only used for removing COD but lso
awiderange of pollutantsfrom various synthetic and
industries effluents?® 24, However thereareonly few
studies about EC treatment of metal processing efflu-
ent. Muszynski et a“ observed amaximum COD re-
moval of 82% for spent MWFs. Kabdadi et d® inhis
study, attained amaximum TOC and organic removal
of 66%for dectroplating effluent by usng anlesssted
e ectrodeswith an gpplied current density of 9mA/cm?.

Theobjectiveof the present study isto investigate
the COD and color reduction of MWFsinabatch EC
reactor usingiron electrodes. Theeffect of severa pa-
rameters, namely current density, initial pH and elec-
trolysistimeon COD and color removd efficiency were
studied and the kinetics of the EC process was also
andyzed.

MATERIALSAND METHODS

Metalwor kingfluid effluent

The spent MWFsused for the study, was col lected
fromared metd process ng/workingfactory (Chenna).
Theeffluent comprised of theexhausted emul Sfiers, sur-
factants, oils & grease. The wastewater was charac-
terized using standard methods?? and thewaste water
characteristics such as COD, pH, total dissolved sol-
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ids, BOD, dissolved satsand color aresummarizedin
TABLE 1.

TABLE 1: Characterization of theMWFs

Par ameter Value
pH 15
Conductivity 15.67 mg/cm
Iron 6.54 mg/|
Chemical oxygen demand 3400 mg/l
Total hardness as CaCO; 570 mg/l
Sodium 122 mg/l
Potassium Nil
Calcium 53 mg/l
Copper Trace
Magnesium 127 mgl/l
Sulphate 86 mg/|

Experimental set-up: elector o coagualtion unit

TheElectro coagulation unit consistsof acylindri-
cal reactor of height 9 cm and diameter 6 cmm made of
glass. Theédectrolytic cell contains2000ml MWFsas
working liquid, fitted with awooden cell cover with
dotstointroducetheeectrodesverticaly. Mild stedl
sheet of surfacearea12cm?isused asanode. A stain-
lesssted cathode of the samedimensiona wasused. It
was placed at aninter-electrodedistance of 1:+0.2 cm.
Before dectrolysisthe electrode surface was cleaned
manually by abrasi on with sand paper and treated with
0.1N sulphuric acid, followed by washing with pure
water, thereby activating the el ectrode surface by re-
movingimpurities. After eech experimenta run, the EC
reactor and el ectrodes were cleaned with 50% (v/v)
nitric acid solutionfor 2-4 min and severa timeswith
digtilled water toremovetheprecipitatedimpuritiessuch
ashydroxides. When theanode material consumption
reaches 8- 10% the el ectrode was renewed.

Experimental protocol

Theeffect of e ectrolysistimeand current density
on percentage removal was analyzed. The electroco-
agul ation experimentswererun at room temperature.
TABLE sdt wasused commonly in ECtoincreasethe
conductivity of the effluent and also to decreasethe
power consumption of the process?’. Henceinthis
present investigation 2 gL* of sodium chloride was
added to thewastewater as supporting el ectrolyte.
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Effect of electrolysistime

To determinetheeffect of e ectrolysistimetheex-
periment wascarried out at different timeintervals(30,
60, 90, 120, 150, 180, 210, 240, 270 and 300min) by
mai ntai ning aconstant current dengity. Inorder tomain-
tain uniform concentrati on the sol ution was constantly
stirred at 300 rpm with amagnetic stirrer. Regulated
direct current was supplied to theel ectrodefrom arec-
tifier inmono-polar mode to maintain aconstant cur-
rent density of 0.8 A/dm?. The electrolyzed samples
were collected and centrifuged at 4000 rpm for 15 min.
The supernatant wasfiltered using Whatmann No.1 fil-
ter paper of pore size 11 micron and percentage re-
moval wascalculated.

Effect of current density

Thecurrent density wasvaried from0.8t0 2.6 A/
dm? and the effluent was treated for an hour as men-
tioned eaxlier.

Analytical techniques

COD, pH and color wereandyzed for theraw and
EC-treated MWFsin order to follow the process per-
formance. The COD was determined by the Open
Reflux Titrimetric method according to Sandard Meth-
ods. The color removal measured by Spectrophotom-
eter (ELICO scanningmini SPEC SL.177) and pH was
measured (STLAP-1PLUS). Percentage COD remova
wascal culated using thefoll owing relationship.,

(COD ,-COD ) x100
Percentage COD removal =
CoD

(A —A,)x100

Percentage colour removal = — A
Where COD,; istheinitial COD (mg/L) and COD,
isthefina COD (mg/L) after dectrolysistime(min). A,
isabsorbanceof the effluent beforetreatment and A is
theabsorbanceof the effluent after treatment at 580nm.

RESULT AND DISCUSSION

Effect of electrolysistime on COD and color re-
moval

EC processinvolvesthe generation of coagulants
in-situ by dissolving ironionsfromiron el ectrodes. At
the anode Fe** ionswere evol ved by the e ectrochemi-
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cal reaction; some of the Fe** ionswere oxidized into
Fe** by thedissolved O, inthesolution. Thefree Fe**
and Fe** ions from the anode combine with the free
OH-ions from the cathode to form Fe(OH), and
Fe(OH),

Thefollowingreactionstake placeinthe EC cdl |2
Anodereaction (oxidation): Fe— Fe** + 2e
Cathode reaction (reduction):2H,0 + 2e — H,+ 20H-
Co-precipitation:Fe* +30H — Fe (OH),

Fe?* +20H — Fe (OH),

100
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Time(min}
Figurel: Effect of timeon the COD removal
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Figure2: Effect of color removal with respect totime
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Where Fe (OH), & Fe (OH), act as active coagu-
lating and co-precipitating agentsin removing pol | ut-
antsfrom MWFs by adsorption and absorption or ei-
ther by complexation or e ectrogtatic atraction, followed
by EC.

Figure1l& 2 ducidatethechangeinremoval effi-
cienciesduring thetreatment of MWFsby EC at dif-
ferent electrolysistime and aconstant current density
of 0.8 A/dm?. It was observed that the percentagere-
movd increased with dectrolysstime. COD and colour
removal efficiency reachesamaximum of 85% and 93%
respectively at 210 min. the process attained equilib-
rium at 210 min and on further increasein electrolysis
time no significant changein percentageremova was
observed.

Effect of pH

During the treatment process, the OH-ionsliber-
ated at the cathode, dueto the splitting of water mol-
eculesincreasesthe pH of theworking solution. The
pH increased with the electrolysistime and reached a
maximum of 6.8 asshownin Figure 3. Withfurther in-
creaseindectrolysistimethe pH remained constant.

Theinitia pH of theeffluent was 1.5. The effect of
pH on EC treatment was analyzed by varying the pH
using 1% NaOH. Experimentswerecarried out by vary-
ingthepH (2, 4, 6, 6.8, 8 and 10) and maintaining a
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Figure3: Effect of Electrolysistimeon pH
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Figure5: Effect of current density on theremoval of COD.

constant current density of 0.8 A/dm2. Figure4 shows
amaximum COD removd efficiency of 85%at pH 6.8.
With further increasein pH theefficiency wasfound to
decrease.

Effect of current density

The current density isan important parameter in
el ectro coagul ation processes. Inthepresent investiga:
tion, to andyzetheeffect of current dendity on EC treet-
ment various samples of MWFswere treated for an
hour at different current densities (0.8, 1.0, 1.2, 1.4,
1.6, 2.0, 2.2, 2.4 and 2.6 A/dm?) and the COD was
measured. On alesser valueof current density thetime
taken for COD reduction was much morethan three
hours even though there appeared to be COD reduc-
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tion of 12-25%. Hence experimentswere conducted
for avaueof 0.8 and above. Figure5, clearly indicates
that withincreasein current density theremova per-
centageincreasesand it reachesamaximum of 60% at
acurrent density of 2.2. A further increasein current
density only resultedin power lossdueto heat genera
tionwithout any increasein removal efficiency.

Kineticstudies

Zexo, first and second order model swere used to
evauaethekinetic of the COD removd intheéeectro-
chemical process. TheZero-Order kinetic model isex-
pressed as
Co-Kot=C Q)

Where C (mg/l) isthe concentration of COD at
timet; Co (mg/l) istheinitia concentrationof COD; K|

a
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Figure6: (a) Zeroorder kineticsfor COD removal and (b)
First order kineticsfor COD removal

0 50

(mol L*min-t) isthe zero-order rate constant
Thefirst order model isexpressed as
In(CJC)=Kt )
Where, K, (min™) isthefirst-order rate constant.
Thekineticsof the processwasfurther analyzed
using the second order relation. The second order ki-
netic modd isexpressed as®
(L/C)- (UC) =Kt ©)]
Where, K, (L/ (mol min)) isthe rate constant of
second order kinetic model. K, and R°can be deter-
mined from the slope of the plot. Theanaysis of the
results from the Figure 6 shows that the R? valueis
closeto onefor the First-order kineticmode. Thusthe
treatment of MFWsby EC followsfirst order kinetics.

CONCLUSION

Theresults show that maximum COD and color
removal of 85% and 93 % were achieved at acurrent
density of 0.8 (A/dm2) and ectrolysistimeof 210min
using mild steel astheanode and stainlesssted asthe
cathode. Theiron hydroxide generated inthecell re-
movesthe COD present in the el ectropl ating effluent
and reducesthe COD concentration to 490 mg/L. the
pH of theworking solution wasfoundtoincreasewith
increaseintimeand reachesamaximum of 6.8 at equi-
librium condition. Thekinetic sudy showsthéat thetreat-
ment of MWFsby EC followsFirst-order kinetics.
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