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Abstract: Spent nickel catalyst, once an asset to hydrogenators, is now classified as “hazardous waste” and has become a problem and a liability. The Duty of Care, Basel Convention, Transfrontier Shipment of Waste regulations, and hazardous shipment rules now mean that the lot of the edible oil processor is not an easy one. It has become essential to ensure that such material is properly looked after from the cradle to the grave, and the selection of a service provider and recycler is now of overriding importance. Because such constraints are very likely to become even more complex and difficult, the more forward-looking hydrogenators are now working with long-term commitments being built into their future financial projections.
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Introduction

Spent hydrogenation nickel catalysts and others containing, cobalt, copper and other valuable metals used to be an asset to refining and processing works.

This is no longer the case as the impact of environmental protection legislation relentlessly harmonising between different sovereign states and organizations, stringent shipping controls, labelling and insurance stipulations, and Duty of Care undertakings have increased controls and, inevitably, the costs of disposal.

These, combined with an unstoppable International demand for more transparency in disposal or recycling procedures, mean that there is no longer a cheap and easy way for the generator to get rid of his spent catalyst.

There are several aspects of the character of spent catalysts that have come as a cultural shock to many edible oil works: -

Spent catalysts are, in road, rail, air, and sea transport terms, Dangerous Goods and must be handled accordingly.

Spent catalysts are all “Waste” materials by definition. They therefore come under the controlling terms of the Basel Convention and OECD rules and cannot be exported to third world countries. Furthermore, the producing works or “generators” of the catalyst have a legal obligation to ensure that their spent catalysts are properly disposed of or safely recycled. Only by safe recycling can this obligation be discharged. The USA pioneered the principle that waste remains forever the generator’s responsibility and this is being adopted throughout the rest of the developed world.

Because of increased public awareness of the hazards of pollution, most poorly-controlled recycling works have now closed. There are therefore a very limited number of accredited outlets for spent catalysts and the costs of logistics impact strongly on the return value of the material.

These factors all combine to sometimes give low-nickel spent catalysts a negative value at source.

The disposal of spent catalysts should therefore be regarded as an area of high responsibility and the following briefly describes some of the necessities entailed: -

Packing & Labelling

Spent food hydrogenation catalysts are specifically UN 1325, hazard 4.1 “Flammable Solid, Organic, n.o.s.” and as such must be packed and labelled correctly. It is only because it is covered by a layer of fat that it is not a UN 3189 4.2 hazard “self-heating metal powder, n.o.s.” which is for pyrophoric materials.

The safest system is to pack all spent catalyst into steel drums in which it was delivered with the lids and clips firmly in place. However, because of the introduction of filter aid some works produce more spent catalyst than can fit in the drums and so they use big bags.

This may be dangerous, as in hot weather the material becomes mobile and some of the fat strips away from the catalyst’s surface. The nickel then oxidises rapidly and may spontaneously ignite causing a fat fire, which is difficult to control. This is especially true of catalysts whose activity has not been fully exploited.

Far worse, however, is that the nickel is then converted to nickel oxide, which is carcinogenic. Anyone ingesting this - for instance by breathing or swallowing it - considerably increases his or her likelihood of contracting cancer.

Carrying the material loose is highly dangerous and therefore not acceptable.

Basel, OECD, & the USA

The Basel Convention and OECD rules split wastes into green, amber, and red tier lists depending on their disposal or recyclability difficulties. Most spent edible oil catalyst is green listed under the heading of a “Spent transitional metal catalyst”. 

However, the OECD rules state “Green Tier wastes must go only to a facility which, under applicable national law, is operated or is authorized to operate in the importing country”.

The Basel convention makes similar requirements with the EEC law (Council Regulation 259/93) stipulating under article 11 that the material must be accompanied by certain details including a description of the process involving its recovery.

The USA is a signatory, but not a party, to the Basel Convention. However it has adopted similar controls under their Resource Conservation and Recovery Act in 40 CFR Part 262.

All nickel catalysts that have been contaminated by the material they are altering automatically become amber tier listed if the contaminating material is itself an amber listed substance.

Typically this may apply if the sulphur content is high or mercury is picked up – as happens with some copper-zinc catalysts.

The amber tier procedure is far more onerous. It involves Notification and approval by all countries through which the waste is transported, virtually unlimited third-party insurance, a financial guarantee to cover realistic alternative disposal or recycling should the material be misdescribed or found otherwise to be an illegal shipment according to the regulations and a full audit trail. Finally, a certificate of disposal or recycling must be issued before the generator’s liability is released.

Transport & Shipping

For road and rail transport all hazardous goods must be accompanied by a Transport Emergency card, or Tremcard, in each language of the countries through which the goods are carried. This describes the hazards of the goods and gives instructions as to the actions and precautions to be taken in the event of an emergency.

For Sea transport it is necessary to have a Dangerous Goods Note which forms part of the ship’s manifest containing all details, including the International Maritime Dangerous Goods codes, so that the ship’s Captain knows exactly what he has on board and where to safely stow it for the voyage. It is also necessary to supply and affix large hazard diamond labels to the containers for the sea journey.

In the USA and other countries other paperwork is required such as a unified manifest and S.E.D. forms giving more, or sometimes, duplicated information to the authorities. The USA Department of Transport also requires that large hazard labels be affixed for road journeys.

Finally accompanying all this are relevant Material Safety Data Sheets, proofs of permissions, insurance certificates and, where necessary, approval of financial guarantees.


Who is liable?

In the USA, the EPA regulations state that complete records of the fate of hazardous wastes must be kept by the generator for five years after recycling or other disposal means. This backs up the environmentalist philosophy that the material is the generators' responsibility in perpetuity or until it is safely recycled. Unlike other crimes in US law, there is no statute of limitations on pollution. The generator's legal liability is, in US terms, quite literally eternal. 

Such legislation and liability are likely to be duplicated, perhaps in slightly diluted terms, by all other developed countries over time.

Who is responsible?

In most OECD countries the company Chief Executive is ultimately legally responsible for all environmental issues, including the disposal of waste.

This prevents any tactic to place the burden upon a lesser person within a company. It is generally believed that eventually directors and shareholders may also be found to play a part in these actions, through the laws of joint and several responsibilities. It will only be a matter of time before these laws are adopted in the U.S. 

Recycling Facility

The final part in this package of new duties that the generator has to undertake is the selection of a facility or firm to which they will entrust the safe recycling of their spent catalyst.

Because of the need for transparency, disposing of material to a trader who does not divulge in full and describe (complete with an independent audit) the facility he is using – and produce proof that he has followed this route afterwards – is no longer an option.

In addition, a trader’s certificate of recycling is, to all intents and purposes, lacking in credibility.

There are very few facilities in the world properly able to recycle fatty nickel catalysts, one – now described - is Nickelhütte Aue GmbH in Germany.

Nickelhütte Aue GmbH

Although Nickelhütte Aue GmbH is undoubtedly the world’s oldest metal catalyst recycling company, it is only since the re-unification of Germany that its services have been made available to Western chemical industries.

In common with other front-line recyclers, Nickelhütte Aue recovers some of the metallic components from low-grade catalysts in the form of reduced-metal matte for direct consumption by other industries. Although this cannot be avoided, it is not the most energy-efficient way to recycle such material.

Of far greater environmental significance, though, are their processes to convert the metals into chemicals of sufficient purity to be used directly in the manufacture of fresh catalyst.

This creates an elegant loop unique in recycling.

Feedstock

The feedstock for recycling is mainly spent catalyst from the edible oil, surfactant, petro-chemical, and other chemical industries.

Nickelhütte Aue is registered to recycle all metal-bearing catalysts from animal, vegetable and mineral oil refining, in solid, sludge or liquid form.

They can also accept material contaminated with many types of process by-product including sulphur, phosphorus, and poisons.

It is essential, however, that before taking any residues they must have a full analysis and details of all constituents from the originating plant. It is for this reason that they deal mainly with the originators of the spent catalyst rather than through traders. 

Pre-Processes

Thorough sampling and careful analysis of every delivery is undertaken as a matter of course. It is a fact that catalyst will settle as it cools and samples taken from the top will contain considerably less nickel than samples lower down. The samplers use a combination of power-driven tubes and drills to sample through the drum contents to establish, as accurately as possible, the actual content received.

Most material is fed through the pyrometallurgical plant, which consists of drying kilns, roasting kilns and rotary smelters producing matte and concentrates. These products are either sent to refineries, in the case of low-grade matte, or put through the dissolution plant if it is more metal-rich.

Slag is processed for building material, waste gasses are filtered and scrubbed, and waste heat is converted to steam for electricity generation (the plant is entirely energy self-sufficient).

Production Processes

Matte and concentrates are autoclaved and dissolved. Some solutions are subjected to electrolysis – to produce copper cathode, and have the iron, zinc, and other trace elements removed by precipitation.

Nickel carbonate combined with sulphuric acid produces nickel sulphate solution and, after crystallization, nickel sulphate hexahydrate; they are of sufficient purity to be used in the manufacture of fresh catalyst.

Similarly, copper sulphate of industrial quality is produced. Nickel sulphate solution, nickel nitrate, nickel carbonate, cobalt sulphate and cobalt carbonate complete the chemical product range for the present.

Environment

In common with all German industry, Nickelhütte Aue is heavily committed to protecting the environment.

A dedicated water-purification plant ensures that the wastewater is cleaned to the highest standards - and the river running through the works, to which the treated water is discharged, is teeming with fish.

The fume and gaseous emissions are minimal – well within the limits specified by the authorities.

The plant is only a short distance from the centre of the picturesque town of Aue in Saxony and any unacceptable emissions would be catastrophic.

Because of these controls and the maintenance of these standards, Nickelhütte Aue GmbH has been awarded the coveted “Entsorgungsfachbetrieb” standard, the highest accolade for a processing facility in Germany and probably in the world.

It is also a pre-authorised recycling facility audited, monitored, and approved by the Regierungspräsidium Dresden who is their regional environment protection agency.

Logistical Service

Nickelhütte Aue and its agents in the UK and USA offer a full logistical service including the supply of labels, transport, paperwork, insurance and guarantees where required.

A full audit trail may also be supplied and bona-fide certificate of recycling issued after spent catalyst has been properly recycled.

The Future

There is no doubt that controls over the movement and disposal of spent catalyst will be further tightened and corporate environmental responsibilities are also being subjected to closer public scrutiny.

The generator is completely responsible for the environmental impact of this disposal and there are very few corporations properly equipped and qualified to handle this problem for him.

Long-term commitment with properly qualified recyclers is now essential and currently being entered into by many forward-looking hydrogenators and generators of spent catalysts.
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