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ABSTRACT 

As earty as 1979, scientists at GE's Corporate Rosoarch and Devolopmont Center, Schonoctady, NY recognized 

that PCB contaminated mineral oil transformer dielectric fluid could be chemically treated lo reduce PCB 

content to non-detectal3(o lovois. This led us (o develop and patent a chemical decontamination process in 1981 

using motaiilc sodium. Bocause of tho potential difficulties in handling sodium (sodium and water produce 

hydrogen which can t>e oxplosfve), we embarked on a research program aimed at Identifying a safe, economic 

means of reacting PCB in transformer oil that would reduce PCB levels to below the U.S. Environmental 

Protection Agency (EPA) 2 part per mHlion (ppm) upper limit for chemical destruction. To be successful, this 

process would be.safe, officiant, and economical and would not require the use d sodium. 

CHEMICAL DESTRUCTION OF PCBs IN MINERAL OIL 

EPA disposal regulations require destruction of PCB dielectric fluids, by thermal or 'alternative'' destruction 

methods. Although a number of 'attemat^e destmctlon methods* have been tested, this category principally 

Includes PCB chemical destruction systems. 

Most of the currently pemiltted sodium chemical destnretlon systems can decontaminate fluid containing PCBs 

up to 5,000-10,000 ppm. l-lowever, because chemical costs increase with the PCB level treated, sodium based 

chemical systems are usually economic up to about 3,000-5,000 ppm. Beyond that level, incineration beconws 

more economical when transportation costs are equal. Besides being ecorHxnical for the low contamination 

levels, chomlcd decontamination systems can be trailer mounted. Additionally, these systems produce a 

non-PCB fuel oU with a high BTU content, or after reprocessing the ol can be reused in transfomiers. 

Because of the above advantages, n^ny owners are now selecting chemical destruction as the preferred 

method of destroying PCB In mineral oil. 
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THE NON-SODIUM PROCESS 

We found that PCBs in transfomwr o« react wrth potyothytene gtycol (PEG) and potassium hydroxWe (KOH) 

undef relatively mBd operating conditions ' ' ' A Destmctlon of PCBs occurs by mixing heated transformer oU 

with small amounts of PEG artd KOH In a stirred vessel. Both PEG and KOH are non-propfietary chemical 

substances commonly used In Industry and do not pose any unusual risks. Complete reaction of PCB occurs 

quIcWy producing decontaminated transfom^er oH and a non-PCB byproduct. The small quantity of byproducts 

produced are Insoluble In transformer oil and are oasMy removed from the decontaminated oil by decanting. 

WhDe sodium tiased processes destroy PCBa by sequentially stripping away chlorine atoms from the biphenyl 

molecule over time, the non-sodium process destroys PCBs as a result of a simple chemical substitution of a 

glycol atom (from Ihe PEG) for a chlorine atom in the biphenyl system. Whie multiple substitutions of chlorine 

atoms may occur, with the non-sodium process only a singlg substitution Is needed to render tha PCB product 

molecule Insoluble in the transformer oil. This non-PCB product can be easily removed from the oB by simple 

decanting. 

Dioxins are also reacted In the non-sodium process and can t>e removed from contaminated mineral oU alon^ 

with PCBs. 

Because of the simplicity of the process, PCS destruction Is fast, efficient and highly predictable. Because the 

oil and chemicals are easy to handle, a trailer-mounted PCB decontamination unit can be buHt using 

conventloncil and proven process equlprrwnt. Because metallic sodium Is not used, there Is no possibility of 

explos>ve hydrogen production. 

Unlike Ihe sodium based pfocesses, the non-sodium procoss is not particularly sensitive to water. Additionally, 

tl is not necessary to precisely measure the amount of PEG and KOH added to Uw oil. 

LAB EXPERIMEI^S AND EVALUATION 

Convnerclal development of the rxxvsodlum process began In 1961 with a series of laboratory bench scale 

experiments using a variety of process condkkyis and reagents. 

Following the extarufve experiments which proved the effectiveness of the decontaminatkMi chemistry (PCBs 

were destroyed to less than 2 ppm per EPA's requirements), an engineering arlalysis was conducted to establish 

the feaslblitty of comnwrdalUlng the process; to evaluate the effects ot using different process parameters; and 

to obtain scaleup and design data. 

The following parameters were found to be crttkaJ: 

• Reactkxi Temperature • Reactk>nTin^ 

« Mixing Rate • Amount/Type of Reagents 
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As a rosull of this laboratory evaluation. Wo coricluded thai a sale, economic, simple and efficient method of 

iJostroylna PCBs In mineral oil had tjoon achieved without using sodium. PCBs wore destroyed quickly In a 

simple roaction under mUd operating conditions. The non-PCB reactton products were aasly separated from od. 

PRODUCTION OF A TRAILER+ilOUhfTED PCB DECONTAMIfWTION UNfT 

Based on the success of the laboratory oxporimonts. We commencod process design and engineering of a PCS 

decontamination system using the advanced chemistry. 

Prior to tieglnning design of a full scale commorclal unit, wo establlshad strict design criteria that would ensure 

proper operation and safety of the unit cor^slstk^g of: 

• Maximized Safety Features • On-line Data Acquisition System 

• FaK-safe Design • Proper Materials of Construction 

• Computer Controls » Use of Conventional Equlprrwnt 

• Maximized Daly Throughput • Ease of Operation 

Using tho basic process confiouration proven in the lab, we have designed ^''•' arxi buK a tnil lef-mountod PCB 

decontamination unit with three vessels operating In a tiatch typo process. Batch processing was selected over 

continuous because of Its operating simplicity, higher rellabllty and fail-safe features. The simplicity cf Ihe 

chemistry enabled us to select commercially avaHaUo components and to provide for automated operation 

using a programmable logic controller (PLC). The PLC automatically controls tho chemical process from the 

control room and provWos tho operator with continuous on-line process information and periodic status reports 

for crfticai process parameters. 

PCB contomlnatod o l from storage Is pumped through a fttor to the effluent heat exchanger where tho Incoming 

oil is partially heated by exchanging heat from tho previous batch of decontaminated oH. in tha electric heater, 

the oJ reaches tho reaction temperaturo before entering one of the three reactors. 

KOH added to the feed hopper b fed In the required amouni to the reactor via the KOH feeder. PEG from tha 

feed tank Is metered and pumped to Ihe reactor whore tho o l , PEQ and KOH are mixed for the required reactkm 

perkxi. The reactor Is blanketed with nitrogen during tho reaction to prevent oxklatlve degradatkm of tho oil. 

Any excess nKrogen and vapors aro passed through an activated ca r twn t ied whore hyd roca rbons are 

absorbed. 

The reactor contents are pompod out through tha heat exchanger, thereby heating the next incoming batch of 

o l . From the heat exchanger, tho decontaminated o l and reactkm producis are pumped to a decanting tanker 

where tfio o l and reactkm products are easly separated. 

Tho entire sequence of f l l ing, reacting and draining of the three reactor loops is accompllshad automatically by 

the PLC whk:h also provides the operator with process and equipment status, reports, and any alarm condltkxts. 
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All equipment and components are mounted in a specially designed 48 toot long air ride trailer which indudos 

separate procoss and control room areas. 

Design of tho equipment and trailer includes many safety features, such as an integral spHI pan, air rkJe 

suspension, halon Are protoctkm system, trouble alarm system, automatk: system shutdowns, omergoncy exits, 

safety shos^w, eye wash and air emlsskxis control system. 

SITING AND OPERATING CONSIDERATIONS 

The decontaminatkm unit Is designed to be operated in multiple shifts either at a fixed location or in a mobHo 

environment. 

Operation requires two operators, one of whom Is skilled In PCB product analysis. Prior to and lollowlng 

doconlaminatkm, ttw o l and products are tested for PCB content Tfiese tests are performed using an electron 

capture gas chrorrtatograpti 

SUMMAflV 

We havo developed and proven, through extensive laboratory oxporiments, that the non-sodium process Is a 

sale, economk: atvl reliable method of chemically decontaminating mineral o l containing PCBs. PCB levels aro 

reduced to loss than 2 ppm, thereby mooting EPA's destnjctkm requiroments. The process offers a numl}er of 

slgnlfkant advantages over sodkjm-basad process Including: 

• No Chance of Hydrogen Productkxi > Insens l tMty toWale rh t theOI 

• Precise Amount of Reagents Not Crtlkal • Fast Turnaround 

Laboratory and scaJsup tests have shown that Ihe process can effectively decontaminate transformer mineral o l 

containing up to 10,000 ppm PCB and 50 • 80 ppb Okwin. 

The simpl ic i ty o l the process suppor ts the use of convent ional chemica l processing equipment In a 

traler-mounted unit wnh a largo voluma of PCB destiuctkjn capacity. 
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