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TREATMENTS OF BIODIESEL WASHING WATER
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ABSTRACT

The main objective of this study was to producedi@sel from palm kernel oil and to purify the bieskl
washing water generated through adsorption, acadibn, coagulation and filtration treatment preess Removal
efficiencies of these treatment processes weresiigaged by analysing biochemical oxygen demandB@hemical
oxygen demand (COD), pH, conductivity, total disgal solids (TDS) and elements present in the béadiiwashing water
(before and after treatments). The results of thastesterification process showed that the highiestiesel yield of
87.6% was obtained at a reaction time of 65 minatesmethanol to oil mole ratio of 6:1.The overalhoval efficiencies
obtained using the stated water treatment processar® 65% (BOD), 38% (COD), 75% (TDS) and 94%
(conductivity).The treated washing water met thestwawater discharge standards of FEPA. Hence, piitsor

acidification, coagulation and filtration, wereaffive in treating biodiesel washing water.
KEYWORDS: Acidification, Adsorption, Biodiesel, Coagulaticfans-esterification
INTRODUCTION

Biodiesel is a renewable, clean-smoldering diesdisstution, produced from the trans-esterificatimmocess
between triglycerides of plant oils (or animal ja#d low carbon chain alcohol, in the presencalkdline or acidic
catalyst (Ayoolaet.al., 2013; Farha, 2008)That is, it is a fuel of mono-alkyl esters of ¢pohain fatty acids (Veljkovet.
al., 2014;Srivastava and Prasad, 2000).It can be ediledone or mixed with diesel in any existing diesggine without

any modification or adjustment (Eevet.al., 2009).

Biodiesel is an alternative to diesel fuel duehe fact that it can reduce the dependence on arildereign
imports and enhance the energy security, it hasrédle energy return on energy invested, it camagedyreenhouse
emissions and lower harmful emissions, and it dégradable, nontoxic, and renewable. It helpsnipraove rural

economies since it involves the use of biomash@&snain raw material (Ayoola, 2015;Ngamlerdpekial., 2011).

During trans-esterification process, a productwad tmmiscible layers of glycerol and biodiesel {faacid alkyl
ester) are formed. The biodiesel obtained from iéstion is impure and has to be washed, usingweater, to make it
pure (Ayoola, 2015;Ngamlerdpolkdn al., 2011).During washing process, the warm water tlissoall impurities in
biodiesel and then becomes impure. Biodiesel wgshiater (waste water) generated is a viscous ligitid opaque white
colour. It is alkaline and contains dissolvablessatatalyst used, the unreacted oil or fat, glylcesoaps and any other
organic impurities present (Kuwornoo, 2010; Sueh2085).

The large amount of wastewater generated is haaartio the environment if not treated before it &nly
discarded into the sewage systems, lakes, rivershg@a, 2005). The biodiesel waste water genecatede treated using

physical, chemical, physico-chemical, electrochamibiological and integrated treatment proces8esi¢et. al., 2014,
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Romano, 1982).

Adsorption is a surface-based process that allofilsnaof pollutant molecules on the surface of gwespended
solid particles in a packed in a column(PitakpdodsidHunsom, 2014; Liet. al., 2009). The nature of bonding
experienced depends on the manner of interactidineothe species on the surface of the adsorba@ne(lLal., 2009). The
adsorption of impurities from biodiesel wastewaisrsiostly a physical interactions between the dutsa surface and the
impurity particles (Pitakpoolsil andHunsom, 2014y Et. al., 2009)

Acidification is generally utilized as a pretreatthestep prior to chemical or other treatment ofdidsel
wastewater treatment processes. This involves plisdent of biodiesel waste water by adding an txidestabilize and
annihilate emulsion of oil in the wastewater; thdissolving the oily impurities before the coadiala process (Dauei.
al., 2014). Coagulation or flocculation aids in the osal of oil in biodiesel wastewater through theranuction of an
appropriate coagulant, such as an inorganic sgt ferric chloride or aluminium sulfate) or a grelymerized inorganic

compound (e.g. polyaluminium chloride).

Analysis of the impurity removal efficiency can lbarried out through the determination of the waatew
biochemical oxygen demand (BOD), chemical oxygemated (COD), pH, conductivity, total dissolved selid@DS) and
elements present, before and after each of thertesd processes (Dagtdal., 2014; Suehara, 2005)

The aim of this study is to produce biodiesel frpaim kernel oil trans-esterification process andseess the
effectiveness of adsorption, acidification, coatjala flocculation and filtration treatment processduring the
purification of the wastewater generated from tloeliesel production. Table 1 shows the typical rtips of palm kernel
oil (PKO).

Table 1: Properties of Palm Kernel Oil

Properties Values
lodine Value (cg lodine/g Qil)19.3
Saponification Valug  (mgKOH/g Qil) 250
Kinematic Viscosity | (@ 40°C, mnf/s) | 30.1
Refractive Index (@ 40°C 1.398

Kuwornoo,2010

MATERIALS AND METHODS

Determination of Percentage of Acid Value

20g of absolute ethanol was added to 10g of criki@ id a 250 ml. The mixture was shaken and slightated
for 10 minuites so as to have homogeneous mix®ir@rops of phenolphthalein indicator was added t#nation was
carried out with 0.1M NaOH. The End point at whitle oil changed from light brown to deep purple wesorded in

order to determine the oil acid value.
Removal of FFA Using Alkaline Treatment

100 grams of PKO was measured into a conical fiask heated up to 40 at a steady rate using a magnetic
stirer. 10 ml of 0.125M of NaOH was added slowlyoithe heated oil. The mixture was maintained atperature of
40°C.After 20minutes of saponification reaction, tiguid mixture obtained was poured into a measugdylinder and

allowed to settle for 20 minutes. There was soam#&tion at the baseof the container, whileoil fofd=FA was at the
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upper lower (trace of soap formed at the top wist $crapped out). Separation of the two layers @aried out and the
oil was dried in oven at 120 for 30 minutes, to remove water present. Thicgtare was repeated for the required
amount of oil.

Trans-Esterification of Palm Kernel Oil

Minitab 17 software and Factorial method were used for tls#gdeof experiment. 100 grams of oil, 0.7 g of KOH
catalystand 6T reaction temperature wereconstant during eactheftrans-esterification experimental runs. Oil was
preheated to a steady temperature dC56sing a magnetic stirer on a heating mantle. tBneperature was constantly
monitored with a thermometer that was fixed inte flask through one of the corks in one mouth efttiree legged flat
bottom flask. Through slight heating, KOH pelleterer dissolved in the required amount of methana oonical flask
which was corked to prevent loss of methanol. Batas methoxideformed was poured into the pre-heaildd the three
legged flat bottom flask. The content of the flagis stirred with a magnetic stirrer at a steadyedp&f 400 rpm and
heated to a steady temperature ofGB0The reaction time was varied for experimentaisruA product of two layers
obtained was poured into a separating funnel mauorea retort standfor a period of 6 hours to allotal separation. The
lower phase of glycerin and upper phase of biotiweee separated. Table 2 shows the variation®fwo factors and the

pure biodiesel yield obtained.
Generation of Biodiesel Washing Water

To remove any form of impurity present in the impbiodiesel produced the biodiesel was ‘washethi wiarm
water in a separating funnel repeatedly, until Wam water leaving the funnel remained clear asa$ before being
introduced into the funnel.The washing water wallected and stored as waste biodiesel water.Alswe,pbut wet,

biodiesel obtained was then dried in the dryingnofee 45 minutes, to remove moisture content.

Table 2: Pure Biodiesel Yield Obtained From the Vaied Methanol/Oil Mole Ratio and Reaction Time

Methanol/Qil Reaction Time | Yield
Mole Ratio (Minutes) %
6.0 65 87.6
7.5 55 87.4
9.0 65 75.9
9.0 45 86.2
7.5 55 87.4
6.0 45 67.4
7.5 55 87.4
7.5 55 84.6
5.4 70 68.1
9.6 55 61.7
7.5 55 87.4
7.5 45 66.7
7.5 55 60.2

Washing Water Treatment

To determine the efficiency of the treatment, tbkofving analyses were carried out on the wasteerydiefore
and after each of the treatment process: Biochérmigggen demand (BOD), Chemical Oxygen Demand (CQib),

conductivity, Total Dissolved Solids (TDS), elen®emiresent (chloride, sulphate, nitrogen, phosphdras, calcium,
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magnesium).The physico-chemical water treatmentge®es carried out are: Adsorption, Acidificatipil (adjustment),
Coagulation/flocculation, and Sedimentation/ Fltra. The results of the treatment and analysiewgbown in Table 1

Adsorption

2g of Activated Carbon was added to every 200niliodiesel wastewater in a beaker and continuoushgd for
1 hour.The sample was then filtered, and the powes repeated twice. After the third procedurelloiwing activated
carbon to adsorb impurities in biodiesel waste wale sample was then analysed for BOD, COD, mHdactivity, TDS
andelements present.

Acidification of Waste Water

The pH of the alkaline waste water sample afteogad®n process was reduced by adding drops of GHi80,.
The sample was then analysed for BOD, COD, pH, goimdty, TDS and likely elements present (chloridalphate,
nitrogen, phosphorus, iron, calcium, and magnesium)

Coagulation and Flocculation

The acidic waste water sample was then neutraliseddding droplets of CaObefore coagulation. 0.6g o
Aluminum sulphate was added to 300ml of the treatatier sample in a 1L beaker placed on a magnétiersfor
continuous stirring for 20 minutes. Floc formed vedlswed to settle and then filtered. And the tedatvater sample was
then taken for the determination of its physicoctwatrproperties.

RESULTS AND DISCUSSIONS

Figure 1shows the biodiesel yield obtained fromuhgation of reaction time and methanol/oil mad¢ia during
palm kernel oil trans-esterification. From the figuhighest biodiesel yield was obtained at methaihanole ratio and
reaction time of 7.5 and 70 minutes respectivehisTshows that increase in reaction time favouesliesel production.
There was decrease in the yield at the methanatioie ratio which is greater or less than 7.5.l#se two conditions,
there was insufficient and excess methanol/oil makio for the trans-esterification reaction. Irf@iént methanol/olil
mole ratio would only produce low biodiesel yielchile excess methanol/oil mole ratio would hindee thurther

production of biodiesel.

a0
70

Yield, %
60

5%

Rxn Time, minutes

Methanol/0il, mole ratio

Figure 1: Biodiesel Yield Obtained From the Variaton Reaction Time and Methanol/Qil Mole Ratio
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Analysis of Wastewater after Adsorption

The biodiesel wastewater was subjected to adsorptiocess using activated carbon and the physieiidal
properties of the water were then determined Tabl8OD and COD obtained were 90.32 mg/L and 36.2Lmg
respectively showing that the amount of oxygen ireguby the bacteria to oxidise organic matterhia tvaste water had
been reduced significantly; that is from 168 m@L90.32 mg/L for BOD and from 46.2mg/L to 36.2 mddk COD. The
reduction in values also shows the BOD removatiefficy for adsorption is 46 % and COD removal éficy is 22%.
The total dissolved solids (TDS) was 371 g/l fromimitial value of 397 g/l indicating that adsomatiprocess can be used
as one of the methods to remove dissolved solidgaste water; though further treatment is requasdt had a removal
efficiency of 6.54 %.

The pH of the waste water dropped from 9.42 to 6sbbwing a reduction in the alkalinity as the ptépmped
from 9.42. There was a reduction in the dissolvedsipresent in the waste water during adsorptiatgss; the

conductivity became 61.2 pS/cm instead of theahitalue of 66.1 pS/cm.
Analysis of Waste Water after Acidification

The biodiesel waste water was acidified to redheepH to 2.02 by adding drops of 0.1M3&y. This aids in the
removal of the emulsion of oil and free fatty aci&dsreported by Veljkoveét. al. (2014).The reduction in BOD and COD
could be attributed to the acidic environment addty reducing the pH, giving the acidification gges a COD and BOD
removal efficiency of 48% and 87% respectively. Tamount of total dissolved solids was 278 mg/L \Wwhieduced
immensely from a previous value of 371 mg/L showangmoval efficiency of 25%. The conductivity valwas reduced
to 10.28 uS/cm. The identifiable elements and anjmesent were Nitrate, Iron, Sulphates, PhospremdsChloride, the

significant value of 160 mg/Lconcentration of swdfgrecorded was as a result of th&E, added.
Analysis of Waste Water after Coagulation & Filtration

The biodiesel waste water was coagulated usingAlumiSulphate (A[{SQy)s) but the pH was first adjusted to

6.84 using CaO because Aluminum Sulphate(8X,)s) would only function optimally at pH between ofré (Daudt.
al., 2014). Coagulation process is based on the piatlifat the coagulant produces a gelatinous magshvattracts the
atoms of the suspended particles.After coagulatiersolid lumps of the suspended particles (flees)e then filtered off.
The BOD and COD of the waste water were 58.6 mgf 28.83 mg/L respectively; this reduction in val@mounted to
the COD andBOD removal efficiency of 31% and33%peesively. The TDS was 100mg/L showing a removéctiehcy
of 65%. The conductivity was 4.02 pS/cm. The detfglet elements and anions found are Nitrate, CalcMagnesium,
Iron, Sulphates, Phosphorus and Chloride.The sigmif value of 184 mg/L obtained as the concemtnatf Calcium
wasas a result of the CaOadded which reacted hathiSO, to form CaSQ

Table 3: Wastewater Analysis

Parameters Before Treatment | Adsorption | Acidification | Coagulation & Filtration
BOD, mg/L 168 90.32 60.05 58.6
COD, mg/L 46.2 36.2 22.24 28.83
pH 9.42 6.45 2.02 6.84
Conductivity, uS/cm 66.1 61.2 10.28 4.02

TDS, mg/L397 371 278 100
Elements

Nitrate, mg/L | 34.2 | 330 | 3.7 | 23.2
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Calcium, mg/L - - - 184
Magnesium, mg/L - - - 186
Iron, mg/L 51 49 32 16
Sulphate, g/L 157 160 160 360
Phosphorus, g/L 6.19 5.28 5.18 5.10
Chloride, g/L 20.0 16.0 120 500

Means Not Detected

The treated waste water properties were compartddtiae recommended effluent limitation guidelineNigeria
for all categories of industries and the resulteeaded that the treated biodiesel waste water eadischarge into the

nearby streams Table 5. The water can be furtbatad, if it is to be consumed.

Table 4: Overall Removal Efficiency of the TreatmenhProcesses

Overall Removal
Parameters Efficiency (%)
BOD 65
COD 38
Conductivity 94
TDS 75

CONCLUSIONS

The results of the analysis carried out showedtti@three treatment processes of the wastewater effective
for the removal efficiency of BOD, COD and TDS dbh&ad were high as a result of the waste waterrireat Table 4.
Comparatively, the values of the properties of wasater obtained after the treatment met the Federaironment
Protection Agency (FEPA) standards for waste widigrcan be discharged into the nearby streams bl

Table 5: Comparison between FEPA Standards of Wast&ater
Quality and Quality of the Washing Water after Treatment

Parameters *FEPA Standards | After Treatment Processes
BOD, mg/L 50 58.6
COD, mg/L Not defined 28.83
pH 6-9 6.84
Conductivity, pS/cm Not defined 4.02
TDS, mg/L 2000 100

Elements
Nitrate, mg/L 20 23.2
Calcium, mg/L 200 184
Magnesium, mg/L 200 186
Iron, mg/L 20 16
Sulphate, mg/L 500 360
Sulphate, mg/L 600 400
Phosphorus 5 5.1

*FEPA standards, 1991
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