Inert Control System 

For Explosion Prevention of

Industrial Centrifuges

The dangers of flash fires and explosions is inherent is many plant operations.  Specifically, the combination of volatile solvents and dusts in process vessels, such as a high-speed Industrial Centrifuge, where highly flammable conditions can be created.  Unless proper safety measures are undertaken, this situation can potentially lead to catastrophic fires and explosions.

The potential hazards involved in the use of Industrial Centrifuges for the separation of solids from flammable liquids are gaining even greater awareness and importance because of a number of serious incidents involving personal injury or regrettably death.  Methods of monitoring and avoiding such hazards are important to all those involved, not just the production operator and safety manager.

Inerting systems are not new; there have been traditionally two approaches.  One is the so called timed-volume or continuous-purge approach, in which the vessel is flushed with inert gas initially, followed by a flow of inert gas that assumes that conditions will be maintained below the Minimum Oxygen Concentration level (MOC).  The second is a pressurised approach, in which the vessel is flushed, and then a positive pressure is maintained within the vessel with the inert gas.

Unfortunately, neither of these methods physically measures the oxygen level content, and one can only assume that a safe environment within the Centrifuge actually exists.  Both are also wasteful of inerting gas which can become very expensive when a plant is required to collect and treat volatile organic compound (VOC) emissions.  The only sure way of ensuring that an inert environment is present within the Centrifuge is to continuously monitor the % oxygen level.

The risk of explosion in a Centrifuge is much greater than in most other process equipment because the three ingredients necessary for combustion often occur within the Centrifuge.

1.  Fuel Supply

· Solvents may be used in the feed material being offered to the Centrifuge

· Solvents may be used in the solids washing stage of the cycle

2. Oxygen Supply

· A Centrifuge is in all intents and purposes a very large fan, drawing ambient air inside from any point that is not gas tight

· Before start up the Centrifuge contains ambient air

3. Ignition Source

· High basket or bowl rotational speeds can generate very high levels of static electricity

· Mechanical failure can occur within the centrifuge causing metal to metal contact and sparking 

· Hot spots due to mechanical wear, friction or bearing failure etc. can arise

Application

There is an extensive range of Centrifuge types and sizes.  The most common type is the top or bottom discharge filtration batch centrifuge.  Other types include the Continuous Decanter Centrifuge, the Disc Stack etc..

The types of industries using Industrial Centrifuges are similarly diverse.  These include the chemical, pharmaceutical, petrochemical, mining and food industries.  Every year a number of explosions involving Centrifuges are reported.  Each time the accident enquiry pinpoints human error, equipment failure or bad engineering design as the major causes.

A typical process cycle of a batch type Centrifuge operating with hazardous substances is;

1. Centrifuge sweeping or purging with inert gas, usually Nitrogen

2. Feed slurry is introduced to the Centrifuge, i.e. the separation stage

3. The residual solid product receives a wash

4. After final spinning, as much as possible of the liquid has been removed from the cake

5. Final remaining solids are discharged from the basket or bowl

During all these operations the Centrifuge must be purged of oxygen by the introduction of inert gas into the atmosphere within.  Normally, as mentioned earlier, Nitrogen is used but carbon dioxide may also be used.  The principle behind inerting is that if one can keep the oxygen level below the minimum oxygen level for combustion (MOC) i.e. 8% then there is zero probability for an explosion.

System Consideration  

To carry out this inerting/purging function a suitable control system must be implemented.  The main criteria demanded of a control system are that it should be,

· Reliable & Effective

· Fail-safe

· Operator foolproof

· Simple to install and maintain

· Economic to operate

· Flexible in design to suit different types & sizes of Centrifuge

When attempting to meet the above criteria, one must consider how to interface with the Centrifuge itself in order to achieve optimum performance.  The following questions must be asked:

· Are there emergency stop interlocks & braking mechanisms?

· Is there speed control?

· Is the Centrifuge gas tight?

· Is the bearing assembly housing purged?

· What is the method of product discharge?

· Is there a lid-locking device?

· Is the Centrifuge vented?

· What materials is the Centrifuge constructed from?

· What solvents and substances can be present in the Centrifuge?

The answers to these issues form the basis around which a complete control solution can be implemented.

The Solution 

The solution is to use a Nitrogen Inerting Control System, an oxygen measurement based system which deals with the problem of how much inert gas you inject and when to inject by basing this action on the oxygen level within the Centrifuge.  When the oxygen level rises above a pre-set threshold then the system automatically opens the inert gas supply valve until the oxygen level is reduced.

Dependable Measurement

At the heart of such a system there is the oxygen sensor which must be simple, robust

and above all reliable.  One such system will use an electrochemical fuel cell that measures percentage oxygen by volume.  Its main features are low temperature and pressure coefficients.  The sensor should also be virtually unaffected by any vibration and is CENELEC certified Intrinsically Safe (Eex ia IIC T6) or better.

Sample Conditioning  

The harsh process environment to which an analyser is subjected has been, in the past, the single greatest factor causing analyser failure.  The key to reliable oxygen measurement is to provide the sensor with a sample free of contaminants that can destroy it.  By individual study of each separate application a customised sample package can be specified to best meet that particular process.

Sample Conditioner

A standard sample conditioning package is included in most systems.  The sampler draws a sample from the Centrifuge, conditions it, passes it by the sensor and then returns the sample back to the Centrifuge or to the sent extraction system.

The sample conditioner discussed and shown opposite is completely pneumatic and as such it does not require electrical power.  In addition it has no moving parts subject to mechanical wear making it virtually maintenance free.
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Inert Gas Control

In the Centrifuge the level of oxygen is controlled by a simple, easy to configure, on/off control set point.  When the oxygen level rises above the inerting set point the analyser/controller signals to the inert gas (Nitrogen) valve (usually normally open) to open further to let more gas in, this injection causes the actual oxygen reading to fall.  The valve stays open until this oxygen reading has fallen below the inerting off set point.  On some large Centrifuge systems two inerting valves may be used, a high and a low rate purge.  The purging flow rate will depend on the size of the Centrifuge and the nitrogen supply available to the valve.

Control System Interlocks 

The amount and type of interlocks vary from Centrifuge to Centrifuge.  Some of the more common ones are;

A – An interlock to inhibit any purging until its lid or inspection hatch has been closed.

B – An interlock to inhibit the Centrifuge from rotating until the oxygen level reaches below a pre-set safe level, i.e. 8% oxygen.

C – An interlock on the slurry feed.  The slurry feed can have a normally closed automated valve in line, so that it only opens to feed the Centrifuge at, for example, 7% oxygen (1% below the safe setting).

D – An interlock used to ensure safe levels of oxygen within the Centrifuge for operator entry, i.e. at the end of the batch the Centrifuge may be interlocked with an analyser contact set at 19.5% oxygen so that the operator cannot be asphyxiated by the nitrogen in the Centrifuge.

Fail Safe Operation 

The Centrifuge will shut down in a controlled fashion if there is a failing of the analyser, the compressed air supply, the electrical power supply, the sensor or the nitrogen supply.  For those companies concerned about an electronics failure with the Centrifuge controls or electrics, a solution is to use two individual analysers wired separately, one interlocked via the Centrifuges microprocessor controller, the other hard wired to the Centrifuges emergency shutdown system.  This configuration results in either analyser being capable of shutting down the Centrifuge.

Operator Interface 

The main reason for such an interface is to inform the Centrifuge operators when there is no risk of explosion.  Although the process operator may have little or no input to the actual inerting control system operation, he must be made aware of its operating status.  This is carried out via a display, sited beside the Centrifuge, which informs the operator whether;

· The Centrifuge is in a safe or hazardous state with regard to inerting.

· The Centrifuge is being inerted or not.

· The percentage oxygen reading in the Centrifuge.

· The inerting system is on/off or in an override condition (optional).

Inert Gas Usage

By the use of an oxygen measuring inert control system one only uses that amount of gas that is required to maintain a safe operating condition in the Centrifuge.  By maintaining the oxygen level below the MOC level, total safety is ensured.  Even if the Centrifuge has leaks, the inerting control system will guarantee total safety without the wastage associated with pressurised safety systems.

It is not uncommon to hear of saving of up to 40% in gas usage being achieved over other inerting methods.

Systems Certification

The inerting system can be provided in a variety of configurations, CENELEC certified.

Intrinsically safe Eexia IIC T6

Flameproof Eexed 11B T5

Purged Eexpei 11B T4

The intrinsically safe system offers greatest flexibility and adaptability while the flameproof units require less cabling and may be pre-wired and piped on a Centrifuge skid.

Low Maintenance

Maintenance is minimal, consisting of a regular check to determine whether the sensor is in calibration.  This check can be performed in less than 90 seconds and requires no special calibration gases or tools.  The ownership costs are also minimal with the only consumable being filter elements and sensors.

The photograph below shows the sample conditioning unit and the gas analyser unit.
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