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1. Purpose of this Guide
In the UK, there are approximately 80,000 metal machining companies. The sector is worth £100
billion and provides jobs for 1.3 million people. Practically all of these use metalworking fluids
(MWFs) in their metal machining processes (e.g. drilling, milling, grinding, and broaching). There are
two generic classes of MWFs.
• Neat oils made up of largely mineral oil
• Water-mix metalworking fluids (typically 5% emulsions)
This guide is concerned only with water-mix MWFs since it is these that present the most significant
environmental problems once the fluids are spent. Different types of MWFs are currently in use
throughout the UK (e.g. macro-emulsions, semi-synthetics, synthetic) and companies can produce
varied volumes of waste according to the size of their operations. Further information on water-mix
MWFs can be obtained from the technical pages of the UKLA website at http://www.ukla.org.uk/.
Treatment and disposal options applicable to water-mix MWFs depend on type and volume of
waste, so treatment solutions are often difficult to determine. It is the aim of this guide to help
engineering companies to select the most suitable technologies available in terms of cost and
performance.
In the following pages you will find reviews of the various types of treatment options. These can be
divided into primary, secondary and tertiary treatment options, details of which are given below.
The main body of the guide explores competing options in secondary treatment methods.
Consideration is also given to the side-streams (or by-products) of the treatment methods, the cost
of capital equipment and the running costs of each method explored.
• Primary treatment: Pre-treatment options to remove separated oil (tramp oil) and
particulates. These include gravitation, filtration, flotation and centrifugation.
• Secondary treatment: Treatment options to separate or “treat” the emulsified fluid by ultrafiltration, chemical separation, evaporation or biological treatment. These are the four established
treatment options for MWFs.
• Tertiary treatment: Further polishing/cleaning of the recovered phases from secondary
treatment.
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2. What are Water-mix Metalworking Fluids?
MWFs are complex mixtures of oils, detergents, surfactants, biocides and anti-corrosion agents.
They are widely used as coolants, lubricants, and swarf or metal chip removers during machining
operations. They also help to prevent surface corrosion of the machined parts and prolong the life
of machine cutting tools.
Water-mix MWFs are supplied as concentrates and are diluted with water before use to produce an
emulsion of (generally) 2 -10% by volume oil in water.
MWFs come in three primary types, as shown in the table below.
Table 1: Type and composition of water-mix metalworking fluids
Type of MWF

Mineral Oil in Concentrate

Appearance of Dilutions

Macro-emulsions
Semi-synthetic fluid
Synthetic fluid

55 – 80%
10 – 55%
No mineral oil

Opaque, milky
Opaque to transparent
Transparent

2.1. Managing Metalworking Fluids
Regular monitoring and attention is essential to keep MWFs in good condition. Tests for concentration, pH, biocide level and microbial activity are fairly common on the shop floor and are often
backed up by laboratory tests. Information from these tests will allow the operator or workshop
manager to determine if top-ups of MWF concentrate or biocide are needed. The test results may
also be used to determine if the MWF is spent.

2.2. Legislation Governing the Disposal of Spent Metalworking Fluids
In the recent years regulations governing the discharge of industrial wastes, including spent MWFs,
have become more stringent. These now require companies to take any and all measures necessary
to ensure the safe collection and disposal of waste oils and must, as far as possible, give priority to
the processing of waste streams. As a result, businesses need to treat spent MWFs before the waste
water component can be discharged to sewers. This guide will help you to decide on the most
appropriate disposal system for your needs, taking into consideration the type of waste, the cost of
treatment and the advantages and disadvantages of the techniques reported. This should enable
you to work out if a proposed system is cost-effective in achieving the discharge limits set out in
the legislation.
Details on legislation affecting UK and other European companies can be obtained by visiting the
Environment Agency (http://www.environment-agency.gov.uk) or the HAZRED website
(http://www.hazred.org.uk), which is an EU-LIFE funded project that aims to develop a sector-led
approach to preventing and reducing hazardous wastes produced by small businesses. The UK
government ENVIROWISE website (http://www.envirowise.gov.uk) also provides information and
advice targeted at the engineering industry.
2.3. Discharge Limits for Trade Effluent
Discharges to surface waters and of point source sewage effluent to ground/groundwater are
subject to the Environmental Permitting Regulations and form part of the Environmental Permitting
(EP) Charging Scheme 2010/116. For further details on the structure of this scheme please refer to
the Environmental Permitting Charges page (http://www.environment-agency.gov.uk).
•
•

Even with the best fluid management procedures, water-mix MWFs will not last indefinitely and
have a lifetime of, typically, nine to twelve months with 400,000 tonnes of spent fluid disposed of
per annum in the UK2. Most dump, clean and recharge decisions are made for the following (very
subjective) reasons:

Chemical Oxygen Demand (COD)
Biological Oxygen Demand (BOD)

COD is a measure of contamination of water by MWFs, tramp oils and many other chemical
compounds such as detergents, surfactants, biocides and anti-corrosion agents found in MWFs.

• Rancid odours

DTI (Department of Trade and Industry) 2000, A guide to Biological Treatment for Metalworking Fluids Disposal
Optimising the use of metalworking fluids (GG199). Environmental Technology Best Practice Programme. Environment and Energy,
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•
•

Volume will obviously depend on the size of your plant and the volume of waste MWF
generated. This can be greatly influenced by careful fluid management.

• Excessive contamination (oil, dirt, metals, etc.)

More sophisticated controls can be used where the decision is made based on testing such as pH,
concentration, bacteria/mould counts, oil contamination, or other measurements. Whatever the
criteria, the user will be faced with a decision of how and when to treat and dispose of the spent
MWFs. For further information on management of MWFs, see ENVIROWISE3, and The Safe
Handling and Use of Metalworking Fluids DVD, which is available from the HSE website4 and
UKLA5.

Volume of waste for disposal
Total Suspended Solids (TSS)

BOD is a measure of how quickly micro-organisms use up the oxygen in water. It is another
standard test for assaying the contamination level of water.
TSS is a measure of suspended solids in water which include a wide variety of particles from the
work pieces found in waste MWFs. There may also be solids from other stray objects which
sometimes find their way into machine sumps.
If you are going to make a discharge to surface water (for example a river, stream, estuary or the
sea), or to groundwater (including via an infiltration system) then you may need to apply for an
environmental permit to make that discharge. Discharges to surface waters and ground waters can
be very harmful to the environment if they are not carefully managed. To avoid this happening, the
Environment Agency regulates such discharges through a system of permits. Find out if your facility
needs an environmental permit7.
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3. Waste Treatment Options
3.1. No Treatment (Disposal of one hazardous waste stream)
The simplest option for disposal of spent MWFs is not to treat the waste at all, but to have it
hauled away by a specialized contractor. There are three factors influencing the cost of Hazardous
Waste disposal:
• Type of waste and concentration
• Volume of waste to be hauled
• Distance - the further to the disposal site the greater the haulage charges
The cost of removing hazardous waste can be expensive and is rising. Charges vary significantly
from contractor to contractor - so shop around for a good price. In the UK, for small quantity
generators of spent MWFs (less than 10,000 litres p.a.), typically contract hauling is the most
effective and economical disposal method. There are national, regional and local contract haulers.
They can be found in the Environmental Services Association (ESA) Directory8, which is a guide to
waste management services in the UK. It contains details of UK companies in all sectors of the
industry, including their capabilities (collection, treatment, disposal, recovery, recycling and re-use of
waste) and contact information.
3.2. Primary Treatment (Disposal of two waste streams categorized by hazard level)
The purpose of primary treatment is to separate your waste MWFs into two waste streams,
categorized by hazard level. Removal of tramp oil and suspended solids will result in a waste stream
which is less hazardous and therefore cheaper to dispose of or easier to treat downstream. The
tramp oil and removed solids will make up a more hazardous waste stream but at a greatly reduced
volume. Below are listed some familiar methods for the removal of oil and other contaminants from
MWFs. Some of these methods are also commonly used to keep your MWFs in top condition and
may also be used as preliminary treatment techniques.
The best method for your particular circumstances can be determined from the nature of the
contaminant and the cost of the treatment. All of these treatment options are suitable for macroemulsions, semi-synthetic and fully synthetic fluids.
As Table 2 shows, a chemical coalescing agent may
be the most suitable primary treatment method for
most MWF disposal applications where tramp oil and
metal particulates are the main contaminants.

Table 2: Methods for the removal of oil and other contaminants from MWFs
Type of equipment

Contaminant removed

Type of
spent MWFs

Relative
Cost

Skimmers
Oil absorbent pillows
Settling tanks
Magnetic separators

Floating tramp oil
Dispersed tramp oil
Metal and high-density particulates
Ferrous metal particulates
from 50 – 100 µm
All particulates from 50-100 µm
All particulates from 50-100 µm
Dispersed/semi-emulsified Tramp oil
+ all particulates from 50-100 µm
Floating tramp oil + less-dense
particulates from 50-100 µm
Tramp oil + particulates

All
All
All

Low
Medium-low
Low

All
All
All

Medium
Medium
Medium

All

Low

All
All

Medium
Medium

Hydrocyclones
Microfiltration equipment
Chemical coalescing
agents
Flotation (air induced)
Centrifuges

3.3. Secondary Treatment (Disposal of water and oil separately)
Secondary treatment methods involve separation of the emulsified oil from the spent MWFs. This
has the effect of significantly reducing the COD and may reduce the BOD of the water component.
If the TSS, COD and BOD are within acceptable levels it may be possible to dispose of the water
component as waste water with correspondingly low charges. The oil component will be typically
only 5% of the original waste volume (depending on the initial concentration of the MWF) and so
will leave a much smaller volume to be disposed of as hazardous waste. Details of the currently
available techniques for the treatment of MWF are given below. Biological treatment has been
included here; though it is not a technique for splitting the emulsion, it can be used to reduce the
COD and BOD of spent MWFs.
• Chemical treatment: Suitable for macro-emulsions and semi-synthetic fluids. A chemical agent
is used to split the emulsion into oil and water phases. The recovered water may be acceptable
for discharge as trade effluent (see section 2.3) and the oil phase is disposed of by licensed
contractor as hazardous waste.
Notes: The type of chemical agents and amounts required depend on your waste stream and
may add to the cost of disposal. Ask suppliers of MWF and treatment equipment for advice.
• Evaporation: Suitable for all types of water-mix MWFs. Spent MWF is heated in special
evaporating vessels to drive off water, leaving a reduced volume for disposal as hazardous waste.
Notes: Evaporation is unaffected by fluid variations and contaminants. However, it is essential to
consider carefully the energy cost. Any volatile organic compounds (VOCs) present in the waste
stream may violate clean air regulations.
• Ultrafiltration: Suitable for macro-emulsions and semi-synthetic fluids. MWF is passed through
a membrane under pressure. Tiny pores in the membrane allow water through but oil and
surfactants are retained.
Notes: Membranes have a working life typically between 1.5 to 3 years. The performance of
membranes may be affected by constituents of the spent MWF. Some chemicals, cleaning agents
and dissolved metals can pass through membranes. Ask the suppliers of the MWF and treatment
equipment for advice.
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• Biological treatment: Suitable for macro-emulsions and semi-synthetic fluids. Micro-organisms
are added to a bioreactor containing spent MWFs to reduce organic and inorganic materials. The
treated water may be acceptable for discharge as trade effluent (see Section 2.3) and the sludge
by-product is re-used in the process. Excess sludge must be disposed of periodically.
Options for treatment of excess sludge include stabilisation, thickening, dewatering, drying and
incineration. The latter is most costly, because fuel is needed and air pollution control requires
extensive treatment of the combustion gases. It can be used when the sludge is heavily contaminated with heavy metals or other undesirable pollutants.
Notes: Biological treatment can only be carried out as a continuous process and is slow
compared to chemical treatment or filtration. It is most economical for large users (more than
15,000 litres of waste p.a.). The biological treatment process is susceptible to toxic and nonbiodegradable substances.

Table 3. Advantages and disadvantages of the major disposal options for spent MWFs

6

Technique

Advantages

Disadvantages

Off-site disposal

No need for expensive treatment
plant
Not labour intensive

Expensive for large volumes
(>10,000 litres) of waste
Stricter controls may increase costs
Waste awaiting collection requires
proper storage

Chemical treatment

Relatively low capital investment
Effective for macro emulsions and
semi-synthetic fluids

By-products require disposal
Requires consumables and hazardous
chemicals
Payback is unacceptable for small
volume users
Not suitable for synthetic fluids

Evaporation

Effective for all types of MWFs
- macro emulsions, semi-synthetic
and synthetic fluids
Unaffected by fluid variations
and contaminants
Quick results, and payback
time is typically less than two years

Volatile organic compounds present
in the waste stream may violate clean
air regulations
Foaming may occur during processing

Ultrafiltration

Easy to use
Effective for macro emulsions
and semi-synthetic fluids
Long membrane life
Low maintenance
Continuous and batch processing

Unsuitable for treating synthetic fluids
Oil concentrate requires off-site
disposal
Fouling of membranes

Biological treatment

Final effluent of high quality is
produced
No hazardous chemicals are used

Only suitable for large users, as it
requires continuous feed
Requires disposal of biomass
Susceptible to toxic and nonbiodegradable substances (shock)
Slow treatment rate
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3.4. Tertiary Treatment (Further improvements to the quality of the waste water stream)
This treatment option involves techniques for further “polishing” the end stream (or water phase)
from the secondary treatment process to reduce the COD to a very low level so that the recovered
water could be re-used on-site for low grade use, such as floor washing.
These techniques included in this section are:
• Reverse Osmosis: Reverse osmosis occurs when pre-treated spent MWF is moved across the
membrane against the concentration gradient, from lower concentration to higher concentration. It separates water from dissolved matter (including metal ions). The end stream (water
phase) has high re-use potential. Pre-treatment of the feed stream (often by ultrafiltration) is
necessary to remove solids.
• Nanofiltration: This process uses semi-porous membranes to remove metal ions and organics
from waste water. The end stream (water phase) has high re-use potential and the by-product is
disposed of with used membranes. Pre-treatment of the feed stream, usually by ultrafiltration, is
required to remove solids and macromolecules.
Note: The operation of nanofiltration is similar to that of reverse osmosis. The main difference is
membranes used for nanofiltration are not as "tight" as the reverse osmosis membrane.
Nanofiltration operates at a lower pressure and it does not remove monovalent ions (i.e., those
with a single charge or valence of one) from the water as effectively as the RO membrane.
• Carbon Adsorption: Activated carbon is used to adsorb dissolved components of spent MWFs
from the water phase following secondary treatment. The end stream has high feed re-use
potential. The oily phase by-product is disposed of with waste adsorbent. Down side of this
technique is that the used carbon needs to be disposed of.

4. New Emerging Technologies for Treatment of
Spent Metalworking Fluids
Many new technologies are being investigated for the treatment of spent MWFs and other wastes.
Most of these methods are based on combinations of filtration technologies (like those discussed in
Section 3) coupled with a process of “oxidation” where the larger molecules of oil and solvents are
broken down into smaller, water soluble compounds. As the molecules are broken down into
smaller fragments they become less toxic, eventually only releasing carbon dioxide as the main end
by-product. It should be noted that these processes have a long way to go in development but are
worth watching as they show promise of high effectiveness in the treatment of spent MWFs. Some
examples of these emerging technologies are given below:
• Ultrafiltration coupled with chemical oxidation: by chemical agents including chlorine,
ozone and hydrogen peroxide, and special catalysts.
• Ultrafiltration coupled with electrochemical oxidation: brought about by passing an electric
current through the water phase to break oil and solvent molecules into smaller fragments.
• Mechanical vapour recompression (MVR): is a development of evaporation in which a
mechanical blower compresses the exhaust vapour, causing a temperature rise. A heat exchanger
is used to recover heat energy which is fed back into the evaporator raising overall efficiency of
the process.

• Ion Exchange Resins: Dissolved metal salts, acids and bases found in spent MWFs are removed
by contact with functional chemicals attached to beads of resin. Ion exchange technology is used
to purify the end stream from secondary treatments. Organic material, oil or grease can foul the
resin and therefore the technique is only suitable for water phases where the COD is less than
150 mg/l.
Overview of Tertiary Treatments
Reverse osmosis and carbon adsorption work on the organic content of the waste water, further
reducing the COD. Properly set up and maintained, these methods can produce water with little or
no COD.
Ion exchange resins and nanofiltration are used to remove metal ions (mainly two valent ions and
larger monovalent ions such as heavy metals) from the waste water stream and are often used in
conjunction with one of the COD-reducing tertiary treatments.
All four of these processes can be expensive and may not be considered economical for
treatment of MWFs destined for disposal. They are included here for reference and for the
rare instances where it is desirable or necessary to re-use the recovered water on-site.
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5. Summary
Table 4 lists all the primary, secondary and tertiary treatment methods discussed in sections 1 to 4
and gives where applicable an estimated reduction in COD. Use the matrix given in the table to
help you select the most cost-effective treatment technology for your site. The cost for chemical
treatment could be low if simply carried out in a tank, but a “turnkey” plant can be much more
expensive.
Then carry out the following three-stage process9.
• Step 1 – Consider hiring a pilot plant for an on-site evaluation of the process
• Step 2 – Conduct a thorough cost-benefit assessment. Include the purchase of the consumable
materials, energy and other operating costs, labour costs, cost of final disposal of any byproducts, potential re-use of recovered materials
• Step 3 – If the cost assessment is positive, buy and install the system. If is not, consider
alternative disposal options

Optimising the use of metalworking fluids (GG199). Environmental Technology Best Practice Programme. Environment and Energy,
helpline freephone: 0800585794
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Table 4: List of primary, secondary and tertiary treatment methods
Treatment method

Primary
Treatment

All Types of
MWFs

Skimmers
Oil absorbent pillows
Settling tanks
Magnetic separators
Hydrocyclones
Microfiltration equipment
Chemical coalescing Agent
Flotation (air induced)
Centrifuges

Treatment method

Removal of
suspended solids
including tramp oil

Macro-emulsion Semi-synthetic

Synthetic

Removal of COD

6. Sign Post to Equipment Suppliers

Relative
Capital
Cost

Relative
Operating
Cost

Low
Low
Low
Medium
Medium
Medium
Low
Medium
Medium

Low/medium
Medium
Low
Low/medium
Low/medium
Medium
Medium/high
Medium/high
Medium/high

Relative
Capital
Cost

Relative
Operating
Cost

90-100%

90-100%

0-5%

Low

Medium/high

Secondary
Treatment

Chemical
Treatment
Evaporation
Ultrafiltration
Biological Treatment

90-100%
90-100%
65-100%

90-100%
80-90%
70-100%

90-100%
0-5%
60-80%

High
High
Medium

Low/medium
Low/medium
Medium

Tertiary
Treatment

Reverse osmosis
Nanofiltration
Carbon adsorption
Ion exchange

95 -100%
Polishing technique, 95 -100%
95 -100%
Removal of metal ions only

High
High
Low
High

Medium/high
Medium/high
Medium
Medium/high

Water miscible metalworking fluids are a consumable product and have a finite life. The disposal
method you choose should be based on the desired effluent quality required and the available
capital for your project. The chosen fluid treatment and disposal methods must comply with
applicable regulations. If you can recycle your water back to the front end of the process, you
would have minimal, if any, discharge to the sanitary sewer.

There are many companies supplying equipment for treatment of fresh and spent MWFs. Some
suppliers of MWFs also supply much of this equipment. The equipment required for technologies
listed as secondary or tertiary is more specialised and you may have to go to a wastewater
treatment supplier for this.
Listed below are suppliers of the various types of equipment discussed in this guide. This is by no
means a full or exhaustive list but merely represents the effort of the author to start you on the
right road if you decide that one or more of the treatment options are suitable for your purposes.
Table 5: Sign post to equipment suppliers
Company

Telephone

Technology

Wehrle Environmental
Microbial Solutions Ltd
Alfa Laval Ltd
Smart Chemical Co. Ltd
Lucros
Houghton

01993 849300
01869 238098
01276 63383
0181 331 8167
www.lucros.co.uk
0161 874 5000

Air & Liquid Filtration Ltd
Airpel Filtration
Carbis Filtration Ltd
Domnick Hunter Ltd
Global Filters Ltd
M I F Filter Systems Ltd
Nature Technology Solutions Ltd
Plastok Group
Prosep Filter Systems Ltd
TS2
Total Filtration Ltd
UK Filters Ltd
Emil Process Systems Ltd

0121 559 1638
01635 263915
01642 343473
0191 410 5121
01202 828109
0121 561 5380
01841 521087
0151 666 2056
01422 377367
01633 413377
0845 4581002
01580 819259
01494 526155

Veolia Water Systems

01494 887700

Renovexx Technology Ltd
Memcor
Fileder Filter Systems
KALSEP Ltd
USF Acumem Ltd
Le Carbone (GB) Ltd
Koch Membrane Systems
Memtech (UK) Ltd
PCI Membrane Systems Ltd
Kurion Technologies Ltd
Koch Chemical Technology Group Ltd
Penrair Water
CARDEV International Ltd

01388 420181
01629 823811
01622 691886
01276 675675
0151 423 8800
01273 415701
01785 212565
01792 310454
01256 896966
01327 876600
01785 272500
01531 822431
01423 522911

Biological treatment systems
Biological treatment systems
Centrifuges
Evaporation
Evaporators
Evaporators and other industrial waste
treatment systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems, MF
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Filters and filtration systems
Industrial wastewater treatment
equipment
Membrane filtration systems. Contract
services – secondary and tertiary
technologies equipment
MF
MF, RO
MF, UF
MF, UF
MF, UF
MF, UF,
MF, UF, NF, RO
MF, UF, NF, RO
MF, UF, NF, RO
Oil water separators, MF, UF, NF, RO
RO
Tertiary technologies equipment
UF

Key: UF = Ultrafiltration MF = Microfiltration NF = Nanofiltration RO = Reverse Osmosis
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