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Recently, interest for biodiesel fuels (BDF) hawengd more attention because they have
many advantages compared to petroleum-based femisnstance, they are renewable, non-
toxic and environmental friendly techniques. Howeweiring this process, some by-products
such as crude glycerol are also produced. Althabghcrude glycerol is very important for
the production of more valuable chemicals, in mhodiesel plants with low capacity, it is
discharged in the wastewater together with somalialknethanol and salts without any
utilization. As a result, both economical lossed amvironmental pollution are generated.
Therefore, we have been developing a new hydrothleetactrolysis system, by which BDF
wastewater can be converted to more value addechichls under high-temperature and
high-pressure aqueous conditions. In this studgirdtiiermal electrolysis reactions of model
BDF wastewater was investigated under various dipgraonditions in order to know current
efficiencies, intermediate products and possikdetren schemes. We next tried to understand
the effects of electricity loading on the moleculansformation of starting materials through
the comparison of the product distribution obtaibgchydrothermal electrolysis with that by
hydrothermal degradation. The experiments werdezhout by using both flow reactor and
batch autoclave equipped with a stirring impellefectrodes, electric heating device,
temperature control unit and a pressure gaugehétend of experiments, liquid products
were analyzed by HPLC and GC-FID. Total organidooarwas monitored by using TOC
Analyzer and for the identification of gas produGS-TCD was used.

INTRODUCTION

Biodiesel, an alternative diesel fuel, is made frognewable biological sources such as
vegetable oils and animal fats. It is biodegradalnlé non-toxic has low emission profiles and
so is environmentally beneficial.

The production of biodiesel fuel (BDF) is one o€ tkey technologies for the treatment of
waste oil and the recycling of food processing danhestic residues [1]. Several methods of
BDF production, such as transesterification usidkala catalysis, acid catalysis and
supercritical methanol, ultrasonic irradiation aheérmal decomposition of oil using alkali
catalysis, have been developed [2-4]. The transksdion using alkali catalysis is a useful
method that enables a high conversion of triglytesi(oil) to fatty acid methyl esters (BDF)
and glycerol as by-product by a simple chemicattrea in a short time. In many biodiesel
plants with low capacity, this crude glycerol ischarged in the wastewater together with
some alkali, salts and methanol. By this mannarrenmental pollution is created. Therefore
this glycerol should be treated before releasinp¢éoenvironment.



There are several methods for the conversion afegbl. In one study, glycerol conversion in
agueous solution under hydrogen over an ion exeaegjn was done. It was found that the
OH group on the resin could catalyze the dehydnatiof glycerol to 3-
hydroxypropionaldehyde, which can be converted,8ptopanediol and other degradation
products through subsequent hydrogenation [5]. mothker study, ionic reactions and
pyrolysis of glycerol in near- and supercriticalterawere investigated. It was shown that the
products of the glycerol degradation were methammdtaldehyde, propionaldehyde, acrolein,
allyl alcohol, ethanol, formaldehyde, carbon mowuexicarbon dioxide, and hydrogen. One of
the reaction pathways consist of ionic reactiopstahich were preferred at higher pressures
and/or lower temperatures. The second reactionwagttwas free radical degradation and
dominates at lower pressures and/or higher tempesaf6].

Conversion of glycerol to lactic acid was one mdtlod particular interest. In one study, it
was showed that glycerol could be converted intctidaacid with a high yield by
hydrothermal decomposition experiments of glycearolsub-critical water under alkaline
conditions. Studies on the conversion pathway sstggethat glycerol was first decomposed
to pyruvaldehyde with elimination of hydrogen ame fpyruvaldehyde was then converted
into lactic acid ion by the benzilic acid rearrangmt. In this study, except lactic acid, small
amounts of pyruvaldehyde, acetic acid and formid aere also detected. The results showed
that lactic acid could be produced in large quesjtand both the temperature and the
concentration of NaOH had a great effect on thezesion of glycerol into lactic acid in sub-
critical water [7].

The main purpose of this work is to decompose mbaeliesel wastewater by hydrothermal
electrolysis under various operating conditionsusyng an electrolytic autoclave and flow
type reactor. We also tried to understand the tffet electricity loading on the molecular
transformation of glycerol inside the model BDF teagater through the comparison of the
product distribution obtained by hydrothermal alelgisis with hydrothermal degradation.
For this method, sub-critical water was chosen isedhe dielectric constant is much lower,
and the number of hydrogen bonds is diminished. ithaaally, the ion product or
dissociation constant (Kw) for water as it appraecthe critical point is about three orders of
magnitude higher than it is for ambient liquid wat&s a result, water becomes an excellent
solvent for organic compounds [8].

MATERIALSAND METHODS

Model BDF wastewater was prepared by dissolvinglenionized water. Electrolysis was
carried out using a sealed 500ml batch autoclaveenasd SUS 316 stainless steel and flow
type reactor as illustrated in Figure 1 and 2, éetpely.

Both of the reactors were pressurized with argos lgfore starting each experiment. This
internal pressure of the system was defined asnihial pressure of the experiment. After
loading the aqueous solution into the reactor,témeperature in the system increased and
subsequently the internal pressure gradually ise@aTypical temperature and pressure
profile for autoclave during heating to 280is shown in Figure 3. The internal pressure @t th
time when the temperature reached the desirediosaaeimperature and the DC current was
applied to the solution was defined as the reagiressure.
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Figure 1. Autoclave for hydrothermal electrolysis

o
! - _7 Heat
Constant [ ] |—’ _—exchanger
DC feed Water
Electric ——_| _|
furnace

Back-pressure
regulator

Figure 2: Flow type reactor for hydrothermal electrolysis

For the experiments done by using batch reactoer &feating the system up to desired
temperature, half of the autoclave's inner volur280(nl) was charged with the aqueous
electrolyte solution at a rate of 25ml/min. In ttese of flow reactor, 500ml of model BDF
wastewater was loaded into the reactor at diffeffent rates.

In autoclave, a cylindrical iridium plate electrodas used as anode whereas, the titanium
beaker was employed as a cathode to promote cathmdiection of the system from
corrosion. On the other hand, in flow reactor,niiiin beaker acted as both anode and
cathode. The air in the reactor was purged witht igas (argon) in all experiments. The total
gas initially charged into the reactors was kepBMPa and the existence of agqueous phase
was ensured for all temperatures below the crifpmaht of water. The electrolyte solution
inside the both reactors was continuously stirt@@ughout the experiment. Temperatures
and concentrations of solution were assumed tonlferm inside the reactors. The reactors
were heated with an electrical furnace from roompgerature to a desired temperature which
was measured using a thermocouple inserted inygtera during the experiments. The inner



pressure of the reactors increased as a functioteroperature, and the typical reaction
pressure was between 10MPa and 14MPa. Once thersisid been heated up to the desired
temperature, the constant electrical current wassquh between the electrodes for
hydrothermal electrolysis experiments. No curreaswassed for hydrothermal degradation
run.
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Figure 3: Typical temperature and pressure profile for hylamnal electrolysis at 280

After cooling the reactors up to about’85both gas and liquid products were collected. Gas
products were analyzed by GC-TCD and liquid proslweere analyzed by HPLC and GC-
FID. The total organic carbon in the aqueous prodistution was monitored by TOC
analyzer.

RESULTS

Gas detected after the hydrothermal electrolysimmoflel BDF wastewater including 0.1M
glycerol were hydrogen (H1 and small amount of carbon dioxide (§CFigure 4 shows the
volume percentage ofHnd CQ generated at a temperature of ZB@nd an initial pressure
of 3Mpa by using flow reactor. The amount of hydrogenerated by this reaction increased
with an increase in DC current value and the prodnof carbondioxide was only confirmed
in the hydrothermal electrolysis run. For the corgmn, no current was passed in the
hydrothermal degradation run. As it can be seeaviaehegligibly small amount of hydrogen
gas was generated at OA.
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Figure 4: Volume percentage of gas products produced afotilyermal electrolysis of BDF wastewater
including 0.1M glycerol by flow type reactor at 260



As liquid products, formic acid, glycolic acid, séiceacid and lactic acid were formed after
hydrothermal electrolysis of model BDF wastewateriuding 0.1M glycerol by flow type
reactor. The yield of these organic acids was shiovidigure 5.

As seen in Figure 5, the yield of organic acidseased when the applied current was raised
to 1A. In the case of hydrothermal degradation mm,acetic acid was produced and the
generated amount of glycolic acid and formic acetevalso very small. The yield of lactic
acid, which is a combination of D- and L- lactiddgavas 3.2 at the end of 90min electrolysis
time when 1A current was passed between the eteetroHowever, in the hydrothermal
degradation run, it was 0.6 even after 90min.
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Figure5: Yields of organic acids produced after hydrotheralattrolysis of BDF wastewater including 0.1M
glycerol by flow type reactor at 28D

When no current was applied, the conversion ofayicinside the model BDF wastewater
was almost kept constant at 72% between 30min @mirnbas shown in Figure 6. Then
started to decrease gradually and at the end ah@0it was around 65%. However, in
hydrothermal electrolysis run, the conversion vahereased with increasing reaction time
and reached its maximum value as 85% at 90min.
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Figure 6: Conversion of glycerol inside the model BDF wast@way flow type reactor at 280



The hydrothermal electrolysis of model BDF wastewatcluding 0.5M glycerol have being
done by using batch reactor at reaction tempemtoetween 230-27G. In these series of
experiments, the effects of applied current, amadraikali, concentration of glycerol inside
the model BDF wastewater, the amount of hydrogeregged from the electrolysis of water
are also examined. We are still carrying on thegpeements by using autoclave.

CONCLUSION

Electrical treatment experiments of model BDF waster were carried out in sub-critical
water. The experiments showed that although glyasreery stable compound under high-
temperature and high-pressure, hydrothermal elgstsohas an enhancing effect on the
decomposition of glycerol inside the model BDF weasiter under alkaline conditions.
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