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Metalworking Fluid Information

Sheets
	Subject Areas
	_________________________________________


Maximising Coolant Life and Monitoring

· Bacteria levels in metalworking fluids



· The importance of dilution control




· Effective machine tool cleaning





· The relevance of pH measurement





· Common reasons for short sump life




· Removal of tramp oils from fluids




· High bacteria levels in the water supply




· Treatment of fungal contamination



Common Problems

· Corrosion on machine tools and components



· Foaming in metalworking fluids





· Paint peeling in machine tools






· Staining on sensitive materials





· Hard water problems in metalworking fluids



Health Safety and Environmental
· Cobalt leaching when machining tungsten carbide



· Minimisation of dermatitis





· Misting when using metalworking fluids




· Smoking of metalworking fluids





· Phosphine gas production when machining cast iron


· Fluid disposal








· General H&S aspects relating to metalworking fluids
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BACTERIA LEVELS IN  METALWORKING FLUIDS

Many types of bacteria are able to use oil and oil additives as nutrient and energy sources and, therefore, can grow and reproduce in cutting fluids (Hill EC 1984).

Bacteria infect a machine from a variety of sources. The most common are:

· Via the operator - from hands, cigarette ends, discarded food etc.

· Via the air - air is usually polluted with bacteria that settle out naturally into machine sumps. Dusty environments are noticeably worse.

· Via dirty work pieces - Dirt on the work piece or tool harbours micro-organisms which can be washed off into the machine sump.

· Via mix water - Bacteria can be present in mix water.

· From a contaminated machine - Most systems have dead areas that cannot be effectively cleaned without dismantling the machine. These areas then infect fresh coolant immediately after refilling the sump.

The level of bacterial infection and the length of time the fluid can cope with the infection before it starts to degrade will vary depending upon many factors, such as temperature, infection rate, food source, dilution control, fresh fluid top up rates as well as fluid filtration and general management of the machine tool. Even considering all these variables it can be said that modern fluids offer a longer service life when compared with the more traditional products.

If high levels of bacteria are encountered combined with a significant drop in pH, then consideration should be given to either cleaning the machine tool or treating with a biocide. Separate information sheets on both these subjects are included in this document.

The main bacteria types found in metalworking fluids are also common within the environment and are very rarely related to any occupational health issues in respect to operator contact. The medical profession refer to these as non pathogenic, not known to cause disease in human beings. One area of concern is that when some types of bacteria die they break down to produce ‘Endotoxins’. These are known to cause problems and are linked to a known condition – ‘hypersensitivity pneumonitis’. This is only an issue when coolant aerosols are produced allowing the toxins to enter a person’s lungs.
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THE IMPORTANCE OF DILUTION CONTROL
Water based metalworking fluids are supplied as a concentrate and are designed to be mixed with water by the user before being utilised.

The concentrate is mixed with water at the required concentration to form a stable emulsion or solution. The dilution ratio required will depend on the product and the application it is being used on but typically it would be 5% (ie 5% concentrate to 95% water).

If the dilution is too weak there will not be enough additives in the emulsion/solution and one or more of the following could occur:
· Short sump life of the fluid due to bacterial growth

· Corrosion to the machine or components

· Poor surface finish to components 

· Poor tool life

Conversely if the dilution is too strong, one or more of the following could occur:
· Poor economy due to too much product being used

· Skin sensitisation eventually resulting in dermatitis

· Foaming of the fluid

· Smoking of the fluid in high pressure applications

To minimise problems, it is essential that the fluid is used at or near the recommended dilution. Checking the fluid dilution is easily achieved by the use of a calibrated hand-held refractometer.

In machine tools where there is a high level of water evaporation the concentration of the fluid will rise rapidly. In this case the ‘top-up’ emulsion / solution should be weaker than the initial machine fill in order to compensate for the water loss. Again, it is important that the concentration is measured on a regular basis to prevent problems.

Regular fluid monitoring is advisable in order to highlight any trends in concentration on specific machines. A simple graph can be attached to the side of the machine and the fluid strength recorded on a regular basis. This is a basic form of fluid management.

Adjustments to machine fluid dilution should be made by adding either a strong or weak emulsion/solution to the existing fluid. Problems can occur by trying to alter dilution by adding just water or concentrate.

Machine tools should also be topped up on a regular basis in order to keep the maximum amount of fluid available for the cooling process. Likewise, the machine sump should have swarf removed to keep the maximum volume available for use.
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EFFECTIVE MACHINE TOOL CLEANING
Use biocides safely, always read the label and product information before use
A short emulsion sump life is often encountered when a machine tool has not been thoroughly cleaned before it is filled with a fresh charge of emulsion/solution. 

Machine tool system cleaners are designed to effectively kill bacteria within the machine tool, help to degrease and clean the internal surfaces, whilst at the same time being safe for operators.

We would suggest the following procedure for machine tool cleaning.

1. 
Add the System Cleaner to the existing emulsion/solution at the recommended dilution ratio (usually at 3% i.e. 3lts per 100lts of coolant).

2.
Run the machine as normal for the last working shift (approximately 8 hours). Components can be machined as normal during this period, however the cleaning solution may increase the mount of foam generated.
3. 
Remove the used fluid from the machine together with any swarf, debris and other contaminants found.

4. 
Try to clean any machine internal surfaces as thoroughly as possible.

5.
Fill machine with water or a weak charge of fresh emulsion/solution and circulate in machine for five minutes.

6. 
Remove water or emulsion / solution from machine.

7. 
Repeat steps 5 and 6 until clean water or emulsion/solution is being removed from the machine.

8. 
Re-fill machine with fresh charge of emulsion/solution at the correct dilution (a refractometer is necessary for this process).

The above procedure combined with monitoring dilutions and eliminating contamination will help optimise fluid life.
System cleaner is available from Kanady Ltd.
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THE RELEVANCE OF pH MEASUREMENT

The pH value of a watermix fluid is a fine balance based on three variable parameters,

· Operator acceptability





· Corrosion protection requirements (Ferrous and light alloy)

· Micro-organism contamination



ACID










  ALKALI










Bacteria and fungi are resilient living organisms and flourish in a wide range of pH values. In fact strains of bacteria live and thrive in pH extremes as well as climate extremes.

The by-products of the micro-organism’s metabolic process are acidic (especially fungi) and these by-products can cause the pH of the emulsion to drop over a period of time. The greater the levels of bacteria present in a fluid system the quicker and larger will be the change in pH. Some bacteria have been shown to control the pH and keep it in the alkali region around pH 8.

pH values below 7.0 gives rise to ferrous corrosion, pH values above 9.5 can lead to corrosion (staining) on aluminium alloys. pH values between 6 and 8 are probably the best for a person’s skin. These conflicting requirements highlight the need to have carefully formulated product and to measure the pH of emulsions/solutions in use.

Monitoring the pH of watermix fluids is a simple operation carried out in just a few seconds using indicator strips that are dipped into the fluid. The indicator strips change colour depending on the fluid pH. The pH test should always be carried out prior to topping up the system with fresh coolant otherwise a false indication of the state of the system will be given.

Coolant systems that are well managed, topped up frequently and cleaned regularly will tend to stay within the range 7.5 to 9.5, which for most machining operations and material combinations is the optimum operating range.
	Maximising coolant life and monitoring
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 COMMON REASONS FOR SHORT SUMP LIFE

Short sump life, in most cases, can be related to the following causes:

Incorrect Dilution
Allowing the dilution to drop below the recommended level can allow bacterial/fungal growth to develop within the system that can, in time, destabilise the emulsion. The resultant bacterial odour can be quite objectionable for the operator and prompt requests for fluid change.

Tramp Oil
A layer of tramp oil on the surface of the emulsion creates the ideal conditions for the growth of anaerobic bacteria that thrive in oxygen poor environments. The tramp oil also functions as an additional food source for the bacteria.

Bacterial Growth

Bacteria within the fluid will eventually destabilise the emulsion if its growth is allowed to continue unchecked. The pH of the emulsion is a good indicator as to the condition of the fluid, the acidic by products of the bacteria’s metabolism will lower the pH of the emulsion.

Contamination of the System
Poor housekeeping is a common cause for short sump life. Besides tramp oil a wide variety of contaminants can find their way into the system, e.g. food, cigarette ends, paper towels, etc. and these can all contribute towards degradation of the emulsion by providing a nutrient source for bacteria.

Machine Cleaning

Poor and infrequent machine cleaning can also lead to a short coolant life. A maintenance programme should be used to ensure machines are cleaned regularly. This should be as thorough as time and location allow. Chemical cleaners are no substitute for physical cleaning.

Water Quality

Water makes up approximately 95% of an emulsion therefore the quality of the water is an essential part. Poor quality water makes poor quality emulsion. The ideal range of water hardness is 60 to 150 ppm calcium/magnesium. In all cases the product in use should be matched to the water quality. Water softening, deionising and UV sterilisation can all be used to benefit the water quality and resultant fluid life.
Mixing Method

Always add the fluid concentrate to water and never the other way around. If water is added to oil then there is the possibility of forming an invert emulsion or a less stable emulsion. The emulsion should be agitated during mixing to ensure good emulsion formation. Never use an airline to mix or agitate emulsions.
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REMOVAL OF TRAMP OIL FROM FLUIDS

Tramp oil is a term used to describe the oil that originates from leaky hydraulic systems, gearboxes, spindles and also from total loss slideway lubrication systems which are used on many modern machining centres. This oil eventually finds its way in the coolant sump and contaminates the coolant. Where a layer of tramp oil covers the surface of the coolant (usually in slow moving systems or after a machine has not been used for a period) ideal conditions exist for the growth of anaerobic bacteria. Tramp oil is often the cause of smoking during machining operations and can also lead to the formation of invert emulsions. The tramp oil also collects dirt particles and machining debris. 

In the ideal world, we should prevent or minimise the leaks, as prevention is better than cure, but should tramp oil become a major problem in a system then the following solutions should reduce effects on coolants. There a number of methods for the removal of tramp oil which we will briefly outline.

· Disc Skimmers


An electrically powered plastic disc rotates through the tramp oil layer, the oil is attracted to the oleophilic disc and adheres to the surface. It is then scraped off and drained to a collection unit.

· Belt Skimmers


This consists of a continuous oleophilic belt of varying width to suit the application. 

This is moved through the tramp oil layer by a drive roller and the oil is removed from 

the belt by a scraper. Belt skimmers are better suited to sumps where fluid levels can vary 

quite widely, and where sump accessibility is a problem.

· Oil / Water Separator


The separator functions by initially accepting oil into a primary separation 
chamber where an adjustable weir system removes the gross tramp oil. The coolant then passes through a series of settlement chambers containing oleophilic filter media. This cause the small oil droplets to join together, thus creating a larger oil droplet that floats to the coolant surface for easy removal. The clean emulsion then flows back into the sump. Units of this nature can either be portable or fixed to machines.
· Manual Methods

Tramp oil can also be effectively removed by the use of a wet and dry vacuum cleaner or even skimmed off with a ‘dust pan’ or other container. This is often the cheapest option but relies on the skill and vigilance of operators or maintenance staff.

There is no doubt that keeping control of this one factor will significantly increase the coolant life, improve the cleanliness of the machine tool, ensure integrity of surface finish, reduce the incidence of dermatitis and improved working conditions for the operator.
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HIGH BACTERIA LEVELS IN THE WATER SUPPLY

Water based metalworking fluids are designed to resist bacterial degradation. However if a metalworking fluid is contaminated with a mix water containing bacteria the fluid life will be compromised.

Mains Water
If the contaminated water has been taken from mains water supply it is advisable to contact the local water authority. The water authority will be able to investigate further and determine whether the water they are supplying is of an acceptable standard. There can be the situation where the fluid supplied by the water authority is in good condition, but there are dead or stagnant areas in the water system within the factory. Here bacteria could be developing and feeding into the rest of the system. Simple modifications to existing pipework can sometimes solve this problem.

Water from other sources
Water may be sourced from bore holes, rivers, roof tanks or from other industrial processes. It is important that the quality of the water is established (both salts and bacterial levels) before the water is used for mixing with metalworking fluid concentrate.

If a high bacteria level exists in the water it should be treated to reduce levels to as near as possible to zero. There are two main ways of treating water to reduce bacteria levels:
1) Biocide can be added to the water by means of a metered dosing pump. The level of biocide administered needs to be accurately monitored to ensure sufficient is used to kill the bacteria, but not too much is used (this is both expensive and could cause Health and Safety problems).

2) The water can be passed through an Ultraviolet (UV) light source. This method of reducing bacteria levels is both safe and economical. A low wattage UV light can be installed into the water pipework and it solves the problem without the use of consumable chemicals.

FUNGAL CONTAMINATION

Use biocides safely, always read the label and product information before use
The problem of fungal growths in machine coolant systems has steadily increased over the past twenty years. This is due mainly to the changes in health, safety and environmental legislation worldwide. Raw materials that gave excellent protection are no longer acceptable or have been reclassified as skin sensitisers in the light of new research, thus limiting their use.

Fungal contamination usually manifests itself in a machine tool as either a jelly type deposit in the machine working area, slime deposits in fluid contact areas or a mat of material on the surface of the machine sump. It can occur at any time of the year but it is made significantly more likely if the system is heavily contaminated with tramp oil.
	Maximising coolant life and monitoring
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The deposits are most likely to be seen in still areas of the machine sump, on filter screens or in a number of other common locations such as cables, pipework, door seals and turret recesses. However any area of high humidty with the occasional splash of coolant is a suitable habitat. There is no doubt that a visual inspection of the machine tool is the best method for early detection.

Fungi that grow into a skin on the surface of a metal will generate a very acidic local environment underneath. This will cause severe corrosion, very noticeable on cast iron machine tool beds.

Treatment of Light to Medium Fungal Contamination

In cases of light to medium fungal contamination the condition can quite often be bought under control by physically removing any visible fungal material (always wear protective gloves) and adding a proprietary fungicide to the metalworking fluid at a treat rate recommended by the manufacturer.
Due to dormant fungal spores in the system (more like in the whole factory) it is always advisable to monitor the machine on a regular basis and look for further outbreaks. If further fungal activity is found it is recommended that again the fungal material is removed and the machine is treated again.
Consideration should be given to increasing the working concentration of the metalworking fluid for a period of time. This will help to control the fungi but is not always possible due to other factors.


Treatment of Severe and Persistent Fungal Contamination

In these cases, the machine should be cleaned using the procedure described below:

· Using protective equipment, remove any visible fungal matter from the machine (look in the sump of the machine and the working area). Ensure the system is filled to the normal working level. Remove as much swarf as possible.

· Add a proprietary fungicide to the emulsion at 2% (2lts per 100lts of emulsion) or as directed by the manufacturer, and circulate the emulsion in the machine for approximately 24 hours. The machine should be labelled and the operator in formed of the action. All coolant delivery pipes should be open and coolant allowed to flow over all machine surfaces. Additionally, mix the fungicide (10:1 with water) in a hand pump type bottle and spray any areas of the machine where fungus was removed or where there is no coolant flow (splash zones).
· Remove the emulsion / cleaner from the machine together with any swarf, debris and contaminants found. It is vital to clean all areas including below the swarf conveyor and other limited access areas.
· Flush the system with clean water.
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· Remove the water from the machine together with any more contaminants found.

· Refill the machine with fresh emulsion at the correct dilution ratio.

· Add a proprietary fungicide to the fresh emulsion at a 0.1% dilution (100mls per 100lts of emulsion) or as recommended by the manufacturer.
· Check emulsion on a regular basis (weekly) for signs of fungus. If fungus reappears then repeat the previous step.

· Check surrounding machines for contamination that could have spread from either airborne spores or contaminated fluid.

Without the physical cleaning process, in conjunction with the correct volumes of machine cleaners and fungicides it is almost impossible to improve the fluid and machine conditions. The chemicals added to a system only affect those areas in close contact with the fluid; they will not penetrate protective layers of fungi, swarf and oily deposits.

	Common Problems
	_________________________


CORROSION ON MACHINE TOOLS AND COMPONENTS

Where water based emulsions or solutions are employed there is a potential risk of corrosion - of the machine bed, slides, tool holders, of components or any ferrous material coming into contact with the fluid. If corrosion should occur look for one or other of the following possible causes:

· Emulsion is unstable and has partially separated.

· The mixing water contains a high level of dissolved salts or acids.

· The mixing water contains a high level of chloride ions.

· The wrong amount of water is used therefore making the emulsion weaker than recommended.

· The emulsion is too weak because water has been added to the sump as top up instead of a pre mixed emulsion / solution.

· Low pH, bacterial activity has degraded the fluid.

· External factors are responsible - for example exceptional humidity, pollution by an adjacent industrial process, or a leaky roof!

· Contamination of the emulsion / solution with a corrosive component.
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The following procedure should be followed if corrosion occurs.
	Evaluation
	Results
	Action

	Check Dilution

	Low
	Increase Concentration

	
	
	

	Check pH
	Low
	Treat with Biocide or Cleanout using a machine cleaner

	
	
	

	Check for Pollutants

	Yes
	Find Cause

	
	
	

	Humid or Corrosive Atmosphere
	Yes
	Use Rust Preventive, Increase Concentration


FOAMING IN METALWORKING FLUIDS

Severe foaming in metalworking fluids can lead to production problems, wasted coolant or even health and safety problems in the form of wet floors.

Foaming of fluids is not a new phenomenon. The production of foam in the soft Pennine waters of Lancashire has led to metalworking fluids being named ‘suds’ which is still used today as a common descriptive term in the area.

Metalworking fluids are developed with many criteria in mind, one of which is foam break. There is often a conflict of interest in that it is advantageous to have an emulsion with the use of excess emulsifiers to cope with harder water qualities but if that product is used in a very soft water area it can lead to excessive foaming. Some products will resist foaming better than others and that is down to the particular chemistry (formulation) of that product. Correct product selection is, therefore, very important and requires an understanding of the water quality being used.

The problem is often exaggerated by modern machine tools that have high pressure coolant systems. These are designed to cool, lubricate and flush away swarf in a high production environment. Through the spindle coolant delivery systems are now working at pressures between 80 and 300 bar.

Below are several reasons for foaming of a metalworking fluid, all of these need to be taken into consideration when investigating a problem. 
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Reasons for foaming
· Incorrect fluid selection.

· Incorrect fluid dilution.

· Contamination of fluid (high levels of tramp oil or machine cleaner present).

· Combination of high pressure coolant system and soft water.

· Poor machine design (not allowing time/room for foam break).

· Pump cavitation (fluid not at correct level in machine).

· Concentrate being used that is passed its ‘shelf life’.

· Any combination of the above.
PAINT PEELING ON MACHINE TOOLS

Paint is primarily applied to machine tools as a cosmetic coating. Over a period of time (dependent on machine usage) it is inevitable that some damage will occur to the paint coating (especially in swarf contact areas). Once the paint surface has been damaged there is the possibility of the metalworking fluid getting between the metal surface and the paint coating to start a paint peeling process.

Approximately twenty five years ago certain full synthetic fluids were found to be very searching in nature and cause excessive peeling of paint. However, with modern technology fluids at the right dilution and improved paint technology there is now rarely a problem. 

Modern machine tools are normally painted with a two pack epoxy paint system that has excellent adhesion and resistance to chemicals, oil and water. When problems do occur, it is normally due to one of the following. 
· The concentration of the metalworking fluid has been running strong for an extended period of time. 

· Machine tools manufactured in some ex Eastern Block countries and some Far Eastern countries do not all use paints that are compatible with metalworking fluids.

· Machine tools that have been reconditioned rarely use a paint system of the same standard as the original machine manufacturer.
· Occasionally one specific panel or component has paint peeling problems while neighbouring components are unaffected. This component is unlikely to have received the same paint system (sometimes found with new machine tools, possibly due to some parts being painted during assembly). In these situations, it is suggested that the customer discuss the problem with the machine supplier.
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· Occasionally one area of a panel within a machine has paint peeling problems. This can be a problem caused by a heat generating component (such as a motor) being situated behind the panel. The heat generated during use is enough to soften the paint and make it more susceptible to paint peeling. These are all common causes of paint peeling and each case should be investigated individually.

STAINING ON SENSITIVE MATERIALS
Staining can sometimes occur on sensitive materials resulting in costly refinishing of components or even total scrapping. The materials at most risk are a variety of grades of aluminium, yellow metals (copper and brass alloys) and some plated materials.

Assuming that the staining has been caused by metalworking fluid contact (as opposed to atmospheric conditions or stacking of dissimilar materials) we need to determine the cause.

Some materials will stain easily in the presence of water based fluids. In this case it is advisable to use a fluid that has been designed for use with particularly sensitive materials. 
Specially formulated fluids are available from Kanady Ltd for this application.

In the situation where components have been successfully machined for a period of time and then stains start to appear, the following should be investigated.

· Emulsion pH; both high and low values can cause problems.

· Contamination; from chemicals or metallic fines can cause stain problems.

· Material specification; metallurgical differences might suddenly result in a problem.

If ‘1’ or ‘2’ from the above list is the cause of the problem then cleaning the machine tool and replacing the emulsion with a fresh charge will be the cure. To determine if this is the correct course of action samples of the material, the emulsion in use and the customers water can be sent for compatibility testing.

The testing can take a few days to complete. Therefore, a quick solution is to recommend that the components are dipped in a de-watering fluid directly after machining. This is not the ideal solution for the customer but does enable parts to be manufactured.

In some cases, a water soluble inhibitor can be added to the machine tool as a post treatment. This should be considered a short-term solution only. Investigation should be carried out to determine the cause of the staining and the possibility of changing fluid type to a more suitable product, or another course of action.
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HARD WATER PROBLEMS IN METALWORKING FLUIDS

Water hardness varies throughout a country due to geological factors. The hardness is a measurement of dissolved salts in a water sample and in the UK is measured in parts per million (ppm). The following can be used as a guideline to the hardness of water.

0 – 50 ppm

Low Hardness (Soft)

51 – 200 ppm

Moderate Hardness

201 – 300 ppm
Moderately High Hardness

> 300 ppm

High Hardness

The dissolved salts will vary from region to region but they will typically be calcium and magnesium. A high level of water hardness is not normally a problem with a freshly mixed emulsion, however, over a period of time water is evaporated leaving salts behind in the machine. This is known as a concentration of salts and it is not uncommon for an emulsion to start with a hardness of 300ppm and two weeks later the emulsion to have a hardness of 600ppm due to concentration effects.

Hard water salts can have the following effect on an emulsion:

· They can form insoluble soaps that leave deposits in the machine and on components.

· They can destroy emulsifiers causing the emulsion to be weakened and even eventually split.

· They can be corrosive in nature.

Do not assume that all users within a certain area have the same water quality. As water prices rise, larger users quite often use their own bore hole water, which can be significantly different in quality.

A tight emulsion (micro emulsion) will normally have the best resistance to salt concentration.

If there is a high level of water hardness it is also worth considering talking to the end user about water softening techniques that will reduce the hardness to an acceptable level. In this way product life can be optimised and problems of insoluble soap formation and corrosion can be minimised.
Alternatively, Kanady Ltd can supply a product specially formulated for use in Hard Water conditions.
When using a water softening plant it is important that the water hardness is not too low or other problems can occur (such as the emulsion foaming in high pressure machines). The optimum water hardness for making an emulsion is 100 - 150ppm. This can often be achieved by blending softened water with the current tap water.
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COBALT LEACHING

Tungsten carbide is an important tool and die material due to its hardness, strength and wear resistance over a wide range of temperatures. Tungsten Carbide alone is quite brittle and as a result cobalt is used as a binding material. Cobalt content can be as low as 3% and up to 20% for shock resisting tough tools. Essentially the tungsten is carburised and then ball milled with cobalt for a number of hours after which the powder is compacted and finally sintered so that the cobalt melts and binds the carbide particles. 

It is the reaction between this metal and the watermix fluid that is referred to as cobalt leaching. This process involves a complexing reaction between the alkanolamines present and cobalt, causing a distinctive pink colouration in the fluid. The extremely large surface area of the swarf, and hence contact area between the between the fluid and exposed cobalt binder, is the main route for the solution process.

This is not a concern when cutting other metals using tungsten carbide tooling. It is usually found when the operation actually involves cutting the carbide itself, such as in grinding the flutes in carbide drills.

The greatest cause for concern with cobalt leaching is the health and safety aspect.  There is a potential for operators to ingest cobalt via misting of the watermix fluid during machining operations. Studies on cobalt have shown that in its dissolved form is a potent cause of allergic contact dermatitis. In addition it has the potential to cause hard-metal disease (disease characterised by diffuse interstitial pulmonary fibrosis) and has been linked with heart and circulatory problems. The advisory exposure limit for dissolved cobalt is 30 ppm (UKLA/HSE). Thus, a special product is needed when machining or grinding tungsten carbide with water based fluids.

This type of product is available from Kanady.
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MINIMISATION OF DERMATITIS

Anyone in regular contact with fluids is susceptible to contact dermatitis. Over a period of time (and with sustained daily contact) it is not unusual for individuals to become sensitised to one or more additives within a fluid. Prevention is far easier than cure and, therefore, it is recommended that employers and machine operators are educated on the correct use of skin care products.

Barrier Creams

‘Wet work’ barrier creams should be applied to the hands at the start of the shift. During the day (at natural breaks or work breaks) the hands should be washed using the cleaners provided. The use of a barrier cream should help reduce the amount of hand cleaner required, and minimise the use of heavy duty cleaners containing abrasive particles. Whenever returning to work the ‘wet work’ barrier cream should be re-applied.

Conditioning Creams

At the end of the working day a skin conditioning cream should be applied to the hands to moisturise the skin.

Other Protection

If the hands are constantly in contact with fluid the use of waterproof gloves should be considered. Waterproof gloves should be used in conjunction with cotton liners that are regularly changed for new or freshly laundered liners.

Water based metalworking fluids contain emulsifiers that can remove the skins natural protective oils and fats. Also, metalworking fluids can carry small metal particles that produce micro-cuts in the skin and start the contact dermatitis process. However, it may not be the metalworking fluid that is causing the sensitisation; detergents, solvents and cleaners are also potential culprits.

To minimise sensitisation with a water mix metalworking fluid it is essential that the fluid is used at the recommended dilution. If a fluid is at a higher concentration than that recommended, there is more chance of sensitisation occurring.

We would recommend that the pH of any suspected fluid is checked. Water based fluids are designed to have an upper pH level of between 9.0 and 9.6. If the pH of a fluid is 10.0 or above it is an indication that the fluid is contaminated, perhaps a wash fluid or heavy duty alkali cleaner.

However, it must be borne in mind that 30% of people are constitutionally prone to having some sort of dermatitis within their life. The human body is exposed to chemicals in everyday situations, with hair shampoo, bath foamers, suncream, and the body itself changes with age. Although the trigger may be the working environment it is usually a simplification to solely blame the metalworking fluid.
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MISTING WHEN USING WATERMIX FLUIDS

Misting of watermix fluids can often be related to the flow rate of the fluid, the direction of the fluid flow, nozzle shape and the type of operation being performed. All these are linked to the design and operation of the machine tool. The fluid formulation has much less impact.

In high rotational speed operations such as grinding the combination of a large volume of coolant and a high peripheral wheel speed can create a major misting problem. This may be alleviated by either increasing coolant flow, altering the wheel speed if possible, altering the direction of flow of the coolant or redesigning the shape of the nozzle to change the shape of the coolant flow as it impinges on the wheel face.

The true solution to the problem can be seen in more modern machine tools. Total enclosure of the machining area and the fitting of mist and fume extractors totally eliminate misting problems.

This can all be retrofitted to existing machinery however there is always a cost factor to consider. The use of an extraction unit fitted close to the mist source is the simplest and most effective action that can be taken.

Breathing masks for the operator may also be another alternative. The operators can reduce their exposure by moving away from the source when possible. Moving away by as little as one metre can significantly reduce the exposure level.

Current OEL guidelines laid down by the Health and Safety Executive state that the content of mineral oil in a mist should not exceed 5 mg per cubic metre, this can be easily checked using a Drager tube type analysis kit.

(American guidelines recommend a 0.5 mg per cubic metre exposure limit to mineral oil in the form of a mist. This level is under discussion and may well become the statutory level in the future.)
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SMOKING IN WATERMIX FLUIDS

Smoke (or fumes) is often confused with misting but it is a separate problem. Smoke is formed by oil vapour condensing into very fine droplets (mist is caused by mechanical action producing fine droplets from the bulk fluid). The oil vapour is produced when the coolant is exposed to very high machining temperatures and it literally boils. The same action can be seen at home when a frying pan is heated, a blue oil smoke can be seen rising from any cooking oil present.

Smoke originating from the fluid during cutting operations may have a number of causes that are outlined below:

· Tramp oil - Presence of tramp oil in the sump can cause smoking when the tramp oil is circulated into the cutting zone.

· Concentration of the watermix fluid - If the concentration is too high fuming can occur.

· Suitability of the fluid to the operation - It may be possible that the machining operation is too arduous for the particular fluid used. This can cause high levels of heat generation in the cutting zone leading to smoking. Possible solutions include changing to a fluid with an extreme pressure additive, or lower oil content.

· Insufficient sump capacity - This can lead to the fluid not being allowed to return to ambient temperature after passing through the cutting zone consequently causing the sump temperature to gradually rise. Increasing sump capacity or fitting a chiller unit may help.

Care should always be taken in the recommendations for high speed machining operations. A high oil content product is more likely to produce smoke even if the material being machined is relatively easy to cut, eg cast iron.
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THE CONTROL OF PHOSPHINE GAS GENERATION DURING THE MACHINING OF NODULAR CAST IRON

The machining of nodular cast iron (SG iron) can cause fumes which have long been known to create health problems that can range from dryness of the throat to the more severe pains caused by phosphine gas poisoning.

Phosphine has been associated with causing a depression of the central nervous system and irritation of the eyes and respiratory tract. Exposure to high levels of phosphine gas can result in symptoms such as tremors, convulsions and coma but continued exposure to even low levels of phosphine can result in anaemia, bronchitis, and visual, speech and motor disorders.

The current occupational exposure limit for phosphine gas is 0.3 parts per million. Therefore, it is quite worrying that the level at which people can smell phosphine gas is 3 ppm, and this odour is familiar to people within the iron and steel industry as the smell of decaying fish or garlic.

Phosphine gas is generated during the machining of nodular cast iron via the following mechanism. Nodular cast iron contains pockets of phosphorus (in the form of magnesium phosphide) in a chemically reduced form that can react rapidly with water to form phosphine or phosphorus trihydride. The moisture is provided either from a humid atmosphere or from the water content of watermix fluids. Quite high concentrations of phosphine (which is more dense than air) have been found in swarf bins where fluid has been carried out and the swarf provides a large surface area for reaction.

The control of phosphine gas generation and its effects can take two routes. Firstly, improved ventilation/extraction of potential phosphine “hot spots” and secondly the chemical inhibition of the phosphine by incorporating an inhibitor into the watermix fluid.

The control of phosphine gas generation by chemical means is carried out by incorporating an oxidising agent into the fluid which inhibits the reaction pathway with water or any other proton donor. This approach is preferable as it treats the cause of the problem as opposed to treating the symptoms by improving the ventilation.
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FLUID DISPOSAL

When a water based metalworking fluid has reached the end of its useful life it needs disposing of in a responsible manner in order to minimise any environmental impact. This information sheet gives basic disposal information. 

Disposal to drain
Due to the chemical content of spent metalworking fluids, disposal to drain (either foul or top water) is not usually an option. The only exception is where the local water authority has been consulted and have analysed a typical waste sample. If the local water authority do allow disposal to drain they will usually require the fluid to be filtered to remove any metallic solids and any free floating oil. A charge is usually levied based on volume discharged and the COD value.

Removal by waste contractor

This is the normal route for disposal of spent fluids. Waste contractors will remove spent water based metalworking fluids and dispose of it on your behalf. The method of disposal varies depending on volumes and local legislation, but could be by incineration, chemical splitting (the oil content being sold as secondary fuel) or to a land fill site.

Waste contractors can be sourced locally and can be found in the local directory under the following headings


Waste Disposal Services


Oil - Waste Disposal

Water based fluids are usually classified as ‘low hazard chemical waste’ and the charge per litre for removal will reflect this and also depend on the quantity of fluid to be disposed of. 

In some European countries, the chemical content of the waste will affect the disposal cost. For example, chlorine containing fluids would be more expensive to dispose of, as they would be incinerated at a specific temperature to avoid dioxin formation.

Minimisation of waste

To reduce the amount of waste (and therefore disposal costs) it is advisable to use a good quality fluid in conjunction with effective fluid management. By using the right product maintained at the correct dilution with contamination minimised, the fluid will have an extended life that ultimately reduces disposal costs.

Spent metalworking fluids often contain approximately 95% water. There are methods of removing the water content and therefore greatly reducing the quantity of fluid for disposal. Reduction methods include chemical splitting, ultra filtration and evaporation. The water recovered by these processes can be considered for re-use in industrial processes or disposal to drain. 
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GENERAL HEALTH AND SAFETY ASPECTS RELATING TO METALWORKING FLUIDS

Dermatitis

People coming into contact with metalworking fluids in the work environment over an extended period of time are susceptible to Industrial Contact Dermatitis of either an irritant or allergic nature. Susceptibility to dermatitis is dependent on an individual’s constitution, but in all cases, it is recommended that precautions are taken to prevent dermatitis when using industrial fluids.

The type of precautions will depend on the individuals working environment, but would typically utilise one or more of the following:

· Protective clothing eg waterproof gloves (note, replaceable cotton inners) or a waterproof apron.

· Use of ‘wet work’ barrier creams which are replenished throughout the day.

· Use of after work conditioning creams.

· Changed working methods.

Inhalation of Mists or Fumes

Inhalation of mists can cause a variety of health problems such as irritation, headaches, dizziness, asthmatic symptoms, sinus problems, bronchial problems, and even perhaps stomach or intestinal problems.

There is an occupational exposure limit (oel) associated with the mists generated by metalworking fluids, but in more practical terms one or more of the following could be considered if mist generation is considered a problem:

· Slowing down machines or providing enclosures.

· Increasing extraction or ventilation.

· Providing protective equipment or changing working practices.

· Consider using a fluid containing anti - mist additives (neat oils).
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