DISPOSAL OF PCB's BY WET AIR OXIDATION
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Abstract

Raw commercial PCB was decomposed by combination of hydrolytic and wet air oxidation reactions in a labo-
ralory autoclave. The hydrolysis was promoted by 20% solution of sodium hydroxide, the oxidation of hydroly-
sis reaction products was carried out by high pressure air. The decomposition of PCB was greater than
99.9975% at 295-300°C termperature and 18-20 MPa pressure during 30 min, of reaction lime. The reaction rate
and the degree of decomposition was found to be highly dependent on the phase transler rate thus tha stirring
specd of reaction mixiure.

Introduction

S e

The most common way for the disposal of out of use commercial PCB's is the high temperature Incineration,
however growing resistance from the local population makos it increasingly difficult to get approvals for the
operation of new inclneratin.g facilities. This phenomenon initiated the research aclivily in many countries for
oxamination of low-tempera:ure chemical processes eg. dechlorination or alkaling hydrolysis by which the PCB
can bo decomposed to environmentally harmless components for final disposal.

One group of chemical processes for disposal of PCB use metal sodium {or some other aikali metal) or a very
redcliv metal-organic compound of alkali metals at slightly elevated temperatures (50-120°C) and atmospheric
pressure for dechlorination of PCB's. Dean (1) used suspension of metal sodium in toluene at 75°C tempera-
ture for dechlorination of PCB's. Similar process for dechlorination of PCB's using sodium naphthalenide at
ambient temperature was cescribed by Smith and Bulbar {2). Pyllewski at al. (3) described a dschlorination
reachon using a complox of metal sodium and polyethylene glycol as a dechlorinating agent.

An other group of chemical processes for decomposition of PCB's is based on hydrolysis with aqueous salu-
tion of strong alkalics eg. sodium hydroxide al elevated temperatures (200-350°C) and high pressures (8-20
MPa).

We have a relatively extensive experience in the field of wet air oxidation of technological effluents. The reac-
tion conditions applied in wet oxidation of organic compounds are very similar to the conditions used for alka-
lina hydrolysis of PCB's that was the reason wo tried ot combine the two reactions. In first step of combined
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reaclion the PCB's are hydrolysed with concentrated solution of sodium hydroxide at 290-300°C to correspon-
ding polyhydroxy biphanyls as it is shown on the example of trichloro biphenyl:
C,H,Cly + 3 NAOH = Cy,H,(OH); + 3 NaCl {1
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Wet air oxidation is a process in which arganic substances dissolved or suspended in water are oxidised to
carbon oxide and water at 200-320°C and corresponding pressure needed for containing the water in aqueous
phase by means of oxygen from air. In the second step of Ihe process the polyhydroxybiphenyls jormed in the
hydrolysis step ara oxidized 1o carbon dioxide and water as it shown on following example:

C,,H,(OH); + 13 0, = 12 CO, + 5 H,0 2

The sodium hydroxide is present in the reaction mixture in excess to the stochiometric ratio thus the carbon
dioxide formed reaction 2 is consumed by following reaction:

2 NaOH + CO, = Na,CO, + H,0 @)

Bolh the reactions 1 and 2 depend on the rate of phase transler and thus the vigorous stirring of tha reaction
mixture is necessary for achieving high decomposition rates for PCB in reasonable sort reaction time. In the
case of reaction 1 the phase transfer Is essential to promote the hydrolysis reaction between dissolved oxygen
and dissolved polyhydroxy biphenyls in the aqueous phase.

Experimental

Wet air oxidation of PCB was carried out in a 2 dm3 total volume slainless steel autaclave. The autoclave was
equipped with a variable speed eleclromagnetic stirrer and was electrically heated with build-in temperature
regulation. The inside temperature of the autoclave was measured with Pt electrical resistance thermometer,
The wet air oxidation experiment was initlated by measwring the sodium hydroxide solution and the raw com-
mercial PCB mixture inlo the reaction vessel. The auloclave was hermetically closed and pressurised with
compressed air form a gas cylinder. The heating of the autoclave was tumed on and the reaction mixture was
heated to reaction temperalure without mixing. The typical heat-up time was approximalely 1 hour. Afler the
reaction temperature has been reached the shaking of the mixture was started by actuating the electromagne-
lic slitrer. Stirring of the mixlure initiated the hydrolysis of PCB and the subsequent wet air oxidation of reaction
products from hydrolysis by promoting the phase transfer betwesn organic and aqueous liquid phases and
enhancing the solubility of oxygen in the water phase. The wet air oxidation was stopped by turning off the stir-
rer and swilching off the electrical heating. After the autoclave cooled down to ambient temperature it was
depressurized. The typical cooling time took about 3.4 hours. The depressurised reaction vassel was opened
and the reaction mixture was removed from it for further analysis. The inside walls of the reaction vessel and
ine slirrer blades were washed with pure n-heptane in order to remove the traces of PCB form them. The reac-
lion mixiure was extracted three times with 50 ml of pure n-heptane. The n-heptane ectracts were combined
with the n-heptane used for washing. The combined n-haptane solution was concentrated to 50 mi and analy-
2zed for traces of PCB by direct injection into a GC. The GC separation was carried out on 25 m x 0.2 mm x 0.5
Im capillary column coaled with 95% Me- 5% Ph- silicone and for the detection of PCB's an eleciron caplure
delector (ECD) was used. 1 gl of concentrated n-heptane solution was injecled in splitless injection mode. The
residual PCB concenlration was determined by calibrating the respanse ot EC detector with the same raw
commercial PCB which was used for making the wet air oxidation reactions.

448 Organohalogen Compounds 3

1990

e

. mmn (o A mm . A & e .

Sl el mbod s 2l D wt s B initn it B S ki i it B ' b e A MW e

o a ma e o



T Y

e

e W T T e e

TN T —

Results and Discussion

Saveral wet air oxidation reactions were carried out using raw commercial PCB for delermining the Dastruction
and Removal Efficiency (DRE) for that type PCB. The PCB used in experiments was r1emoved from an out-ot
service industrial high voltage electric capacitor. In a typical reaction run 400 ml of 20% sodium hydroxide and
10 g ¢f commercial PCB was measured into the autoclave. The autoclave was pressurized with air at ambient
temperature to 4.0-4.5 MPa (inital pressure). Reaction temperature was maintained betwoen 285-300°C, the
pressure in the reaction vessel have risen to 18-20 MPa during heat-up. The reaction time was determined by
the stirring tima at the reaction temperature. The reaction time was in all cases 30 min.. The mixing speed was
varled between 25 and 60 shake-ups/mm. in the subsequent reaction runs. The total valume recovered after
cooling down the reaction vessel was typically 390-400 ml. The wet alr oxidized reaction mixture was homoge-
nous (no seperatlon of arganic phiase was observed) aguequs solution with pale yellow colour. The observed
DRE of PCB was dependent on the stirnng speed of reaclion mixture indicating that the reaction rate is deter-
mined by tho rate of phase transter. The greatest DRE at abouve describad reactfon conditions was achieved
at maximum stirring speed of 60 shake-ups/min.. In this case the residual PCB concentration In the oxidised
reaction liqueur was 0.63 mg/kg, the total mass of recovered liqueur was 0.4 kg, so the total amount of PC8

remaining after wet air oxidation is 0.252 mg. Considering thal the initlal mass of PCB was 10 g, the DRE was
calculated as follows:

DRE = [{10,000 - 0.252) / 10,000] * 100 = 99.9975%
Based on these results this process afler further modifications will be suitable for operating an equippment for

continuous hydrolytic-wet air oxidation of PCB's with a capacity of 50 kg/h which is under construction. The
fesult from continuous equippment will be available soon.
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