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ABSTRACT

This paper discusses the development of a cutting fluid
management program and a waste reduction program that will
allow facilities to extend cutting fluid life, improve
performance, and more importantly reduce costs.

The major conclusion derived from this research is that
selection of a coolant recovery systems depends on many
factors which concerns the facility such as type of coolant
being recovered, type of metal chips in the coolant, the
existing cutting fluid maintenance program, etc. Hence,
there may be several coolant recovery system, which
incorporates different technologies, that can be installed
and used within a specific industry. Therefore, being a
able to work closely with one's coolant supplier and
recycling equipment supplier besides having a complete
understanding of the in question facility situation are a

vital part in purchasing a cutting fluid and recovery system.
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INTRODUCTION

Ccutting fluids, also called coolant or metal working
fluids, should account for only a insignificant portion of
the cost of operating a machine tool. Generally the cost of
cutting fluids account for no more than 1% of the total
investment in the machine and the operator. However, the
importance of the cutting fluid is underrated in proportion
to the relatively low cost of it. 1In contrast, the problems
associated with the handling systems and disposal of the
coolants can run at a disproportionate high level. However,
while coolants are relatively inexpensive, they are one of
the most essential ingredients for proper machine-tool
operation. Without proper management, handling, and
disposal, this innocuous fluid can pose a big problem within
a machining environment.

This paper will deal with the development of a
comprehensive waste reduction program for metal-working
fluids. The intention of this paper will be to develop a
user's manual that will consist of two major components. The
first half of this paper will deal with the development of a
metal-working fluid maintenance program that will involve:
choosing the most feasible coolant for the machining
operation and development of a fluid management program that
will establish guidelines to deal with factors considered
when trouble shooting coolant problems. These problems
include causes from water quality, coolant concentration,

rancid coolant, removal of tramp oil, removal of metal chips,



and control of bacterial growth. The latter half of this
paper will deal with a metal fluid waste reduction program.
This section will include the fluid recovery system itself,
such as, the various factors needed in the coolant system to
choose the most efficient coolant recovery unit and an
in-depth investigation of the types of coolant recovery
systems available. Another aspect considered will be how to
decide which one of these recycling systems will be the most

worthwhile for the investment made.



I. DEVELOPING A CUTTING FLUID MANAGEMENT/
MAINTENANCE PROGRAM

Components of a Fluid Management Program

Any company that works metal must properly manage and
monitor cutting fluids in order to realize their full
benefits. The key to success of any program is to educate
and train the machine operators on proper fluid management
procedures. The machine operators should be informed of the
purpose of the program, how it affects them, and the benefits
to the company as well as themselves. The fluid management
program should be developed with the input of the operators
as well as the supervisor as this will help overcome worker
resistance and allow the program to sustain over time.

The components of a fluid management program will allow
the supervisor and the operator to be aware of and establish
certain basic rules that will aid in setting up and following
a fluid management program. There is not one set program
that is appropriate for a machine operation facility.
However, the basics steps that are presented below will allow
a facility to be informed of the rudiment parts of a program
and allow one to tailor the component steps to fit one's own
needs [1].

Table 1. Components of a Fluid Management Program

1. Assign responsibility of fluid control to one person.

2. Train machine operators in proper fluid handling

procedures.

3. Minimize loss of coolant due to spillage, leaks,

carry-out, splashing and evaporation.

4. Properly maintain and inspect all machines.

5. Thoroughly clean out sumps, machines, and fluid-

handling equipment before fresh fluid is added.
6. Select a premium performance product.



7. Use dionized water for makeup.

8. Add additives to recovered fluid as needed.

9. Control tramp oil and any emulsification.

10. Remove solids from machine sumps on a regular basis.

11. Establish efficient fluid transfer methods.

12. Aerate fluid.
13. Establish fluid removal criteria or schedule.

Clarification and elaboration on some of the more
important areas will be introduced in the following material.
Knowing Your cCutting Fluid

Prior to establishing any type of program for metal
working fluids, one must become familiar with the
characteristics of the coolant itself.

A coolant has three basic functions: 1) as a lubricant,
preventing metal-to-metal contact at the tool/workpiece
interface; 2) as a coolant, removing heat generated by a
cutting friction; and 3) as a corrosion inhibitor, protecting
both the part and machine tool from rust and corrosion [2].

The lubricating function of a cutting fluid can
effectively increase the life of the cutting tool if the heat
and friction generated by the cutting process are reduced.
When cutting fluids are utilized effectively, faster speeds
and feeds can be used in the machining process resulting in
increased production and reduction of the cost per product.

Reducing cutting-tool temperature is also important to
tool life. Even a small reduction in temperature will
greatly extend the life of a cutting tool. Water is the most
effective agent for reducing heat generated during a

machining operation. However, since water by itself causes

rusting, soluble oils or chemicals, which prevent rust and



provide other essential qualities, are added to make it a
good cutting fluid.

As a corrosion inhibitor, coolant used in machining
tools should inhibit rust from forming. As mentioned before,
water is the best coolant. However, since water causes
rusting, a cutting oil is used inconjunction with water to
prevent the process of rusting. The ratio of water and
cutting oil within the coolant is dependent upon the type of
machining operation as well as the part being machined.

There are four basic types of coolant used today.

Their advantages and disadvantages along with the factors
that affect their performance are examined as follows.
Straight Oils

Straight oils contain 100% petroleum oil or mineral oil
blended with additives. Some common additives are sulfurized
lards, fats, and chlorinated paraffins. All additions are
formulated to provide lubrication required for difficult
work. Biocides are not added to straight oils because they
contain no water, which supports anaerobic bacterial
reproduction [3].

Advantages:

- Easy to recycle
Excellent lubrication
Good rust control
Can be contained in sumps with other machines for

both hydraulic and machining lubricant.
- Usually no rancidity problems

Disadvantages:
- Not effective in dissipitating the heat generated
by cutting
- In-use cost is higher than water-based fluids
- Can be a safety hazard
- May stain non-ferrous metal



- Can be difficult to remove

Applications:
- Difficult-to-cut metals such as certain stainless
steels and many super alloys
- Low machining operations (less than 75 surface feet
per minute - 30M/min).
< screw machines
< cold headers
- severe cutting operations
crush grinding
severe broaching
deep hole drilling
milling
trepanning
tapping

AANAANAA

Emulsifiable 0ils

Emulsifiable, or soluble, oils permit oil and water to
mix and form stable emulsions. The mineral oil and
emulsifying agent are the based materials. It is also
classified as a water based or water soluble coolant along
with the synthetic and semi-synthetic because water is a
major ingredient in all three of these coolants. A wide
variety of additives may be present, depending upon the end
application of the fluid. Besides emulsifiers, today's
products also may contain extreme pressure (EP) additives,
rust preventatives, and anti-bacterial agents. Although they
do not match the straight oils in lubricity, they, 1like
water-based fluids in general, are better at cooling.
Because of their water content, they are usually formulated
with additives for additional workpiece corrosion prevention
and resistance to microbial degradation and souring. It
should be noted that soluble oils have been replaced in most

operations with chemical synthetics [3].



Advantages:

Reduction of heat; allows higher cutting speeds
Cleaner working conditions

More economical to use; dilution with water brings
application cost down

Better operator acceptance; parts are cleaner and
cooler

Improved health and safety benefits; no fire
hazard, reduction of o0il misting and fogging
Adequate to good rust protection because of the
oily film on the workpiece

Easier to clean from part

Better at cooling than straight oils

Disadvantage:

Maintenance cost to retain characteristics are
relatively high; shorter sump life than straight
oils

0il and water naturally repel each other, making
emulsion stability difficult to maintain
Hard-water, salts, bacteria, and tramp oils will
attack the emulsifiers and destabilize the emulsion
If not properly maintained, could cause rust
problems

May create disposal problems; due to hauling away
oil and water

Does not provide the "hydraulic cushioning" that
straight oils provide

Applications:

Heavy duty soluble oils are suitable for most
cutting operations that the straight oils can
handle

Light and medium duty operations

Chemical Cutting Fluids

Chemical cutting fluids, called synthetic or

semi-synthetic fluids, were introduced in the mid 1940's.

These fluids are stable, preformed emulsions which contain

very little oil and are able to mix easily water. Chemical

cutting fluids depend on chemical agents for lubrication and

friction reduction. At one time it was a common perception

that synthetics were primarily for grinding, but heavy-duty

synthetics have been introduced in the last few years which



can handl

e most machining operations.

Synthetic Fluids

Synt
As such t

necessary

hetic fluids contain 0% petroleum or mineral oil.
his fluid contain chemical agents to provide the

characteristics for an effective cutting fluid.

These chemical agents can be the following [3,4]:

Adva

Disa

a) Glycols to act as blending agents

b) Germicides to control bacteria growth

c) Phosphorus, chlorine, and sulfur compounds for
chemical lubrication

d) Soaps and wetting agents for lubrication

e) Phosphates and borates for water softening

f) Nitrates for nitrite stabilization

g) Amines and nitrites for rust prevention

ntages:

Rapid heat dissipation; therefore, good cooling

A high degree of cleanliness which results in clean
machine; tool surface and clean cutting fluid
troughs

Good detergent properties which aid in the
maintenance of open and fee-cutting grinding wheels
Excellent workpiece visibility

Easy to mix; very little agitation is needed
Excellent resistance to rancidity; therefore, good
sump life

Longer durability than straight or soluble oils
Nonflammable and nonsmoking (oil-free)

Generally provide good hard-water stability and can
be formulated to perform and remain stable in the
hardest water

Able to rapidly reject tramp oil which can be
easily skimmed off the surface

The higher alkalinity associated with synthetic
technology guards against bacterial growth

Quick setting of grit and fine chips so they are
not recirculated in the cooling system

dvantages:

Poor physical lubrication

May cause foaming problems

The inherent antibacterial properties can lead to
heavy fungal growth

The high detergent properties tend to dry out the
operator's skin and can also wash away bearing and
shaft greases, leading to machine failure

May be less effective on aluminum and other non-
ferrous metals



- May form deposits on machines

Applications:
- Can handle most machining operations, however,
ideal for metal cutting operations that generate a
large amount of heat

Semi-synthetic Fluids

Semi-synthetic fluids can contain 5-45% petroleum or
mineral oil. However, this class of working fluids is
essentially a combination of an emulsfifiable oil and a
chemical solution. Combining the advantages of emulsifiable
oils and synthetics fluids, this fluid finds a wide use.

Advantages:
Same as synthetic fluids

Disadvantages:
Same as synthetic fluids

Applications:
- Basically can handle most machining processes
As mentioned earlier, emulsifiable, synthetic, and semi-
synthetic are categorized together as water based or water
soluble cutting fluids. As such, Table 1 presents a more
specific view of the characteristics of these water based

coolants [5].



Table 2. Water Soluble Cutting Fluids [5]

CLASS TYPE GENERAL CHARACTERISTICS
Emulsifiable (1) General-Purpose Used at dilutions between 1:10 and 1:40 to give a mllky emulsion.
Oils Soluble Oils Used for general purpose machining.
(2) Clear-Type Used at dilutions between 1:50 and 1:100. Their high emulsifier content
Soluble Oils results in emulsions which vary from translucent to clear.
Used for grinding or light-duty machining.
(3) Fatty Soluble Used at similiar concentrations to (1) and or similiar appearance. Thelr
Oils fat content makes them particularly good for machining operations and

(4) EP Soluble Oils

nonferrous metals.

Generally contain sulfurized or chlorinated EP additives. Used at dilutions
between 1:5 and 1:20 where a higher performance than that given by
(1), (2), or (3) Is required.

Chemical (1) True Solutions
(Synthetic)
Flulds (2) Surface-Active

Chemical Fluids

(3) EP Surface-Active
Chemical Flulds

Essentially solutions of chemical rust Inhibitors in water. Used at dilutions
between 1:50 and 1:100 for grinding operations on iron and steel.

Contain mainly water-soluble rust inhibitors and surface-active load carrying
additives. Used at dilutions between 1:10 and 1:40 for cutting and at higher
dilutions for grinding. Most are sultable for both ferrous and nonferrous metals.

Similiar In characteristics to (2) but containing EP additives to give higher
machining performance when used with ferrous metals. Used at dilutions
between 1:5 and 1:30.

Seml-chemical

(Semi-synthetic) -

Fluids

Essentlally a combination of a chemical fluld and a small amount of emulsifiable
oll in water forming a translucent, stable emulsion of small droplet size.
EP additives are usually included permitting their used for moderate and
heavy-duty machining and grinding applications.

S8toring

Store cutting fluids in clean and sealable drums when

not in used. The drums should be protected from temperature

extremes, moisture and direct sunlight. Inert mineral

absorbents should be kept on hand to soak up fluid spills.

Avoid using sawdust or rags because they tend to combust

spontaneously.
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Cutting fluids are basically inert. However, as in the
case with other organic substances, a reaction can occur if
they are mixed with strong oxidizing agents. As such, never
store such agents in the same area as cutting fluids.

Mixing

Follow a few simple rules when mixing water-based
coolants. First, measure and pour the required volume of
water into a clean tank or open drum. Next, add coolant
concentrate to the water (never vice versa). Measure out the
required volume of soluble concentrate and gradually pour it
into the water while mixing. Continue doing this routing
until the entire volume of concentrate has been added.

The correct and safest way to mix coolant is with a top-
to-bottom turning over action, not a rotary motion. For
small gquantities, preferably use a flat wooden paddle. For
larger volumes, a mechanical agitation is preferable.
However, mechanical agitation performed too rapidly can
destabilize the mixture and cause components to separate.

If the water used for the mixture is hard, it may be
necessary to add softening chemicals before blending in the
concentrate. The quality of the water used for mixing with
the cutting fluid will be discussed more thoroughly in the
following section.

Water Quality

Water quality is very important consideration when
mixing it with the coolant concentrate. As water can

comprise more than 90% of the coolant mixture, it can affect
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the coolant's performance. Fluid life, tool life, foam
characteristics, product residue, corrosion control and
stability are all affected by water quality.

Water hardness occurs when inorganic salts dissolve in
the water. Typically, these salts are of calcium or
magnesium. Water hardness is measured in parts per million
(ppm) of calcium carbonate (CACO;) [2]. Water considered
soft has fewer than 52 ppm. Water considered moderately hard
ranges from 52 to 105 ppm. Greater than 105 ppm is hard
water. Furthermore, hard water has more minerals and total
dissolved solids than soft water and the higher the initial
hardness of the water, the faster the solids will increase in
the working fluid. A majority of the water within the United
States is classified as hard water.

Hardness is detrimental to coolants because it attacks
the emulsifiers and soap portions of the coolant mixture. As
water evaporates from a sump, the minerals are left behind
and build up increases. To overcome this problem, several
hard-water stable fluids have been developed. However, it is
best to use softened water in the mixture, even though modern
coolant concentrates are designed to perform satisfactorily
with moderately hard water. In addition, other fluids may
remain sensitive to the hardness of water. For these cases,
distillation, dionization, and reverse-osmosis equipment can

be used to soften very hard water.
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Distillation
This method utilizes the concept of evaporating water,
leaving solids behind. The water vapor is then
condensed back to water.

Dionization
Dissolved solids removed by ion exchange. Cations (+)
and anions (-) are exchanged for H and OH ions
respectively in the ion exchange resin beds.

Reverse Osmosis

A low pressure filtration process in which water
passes through a submicron membrane which allows passage

of water molecules but not the dissolved solids.

These units which produce nearly pure water, are ideal for
systems that lose a lot of liquid through evaporation. Other
undesirables such as minerals may also be present in water.
Chlorides and sulfates act as catalysts for corrosion. 1In
addition, sulfates provide food for bacteria growth thereby
allowing a fluid to become rancid.

Therefore, operating a system with hard water will lead
to a progressive increase in the concentration level of hard-
water salts and maybe minerals. When in doubt, discuss any
proposed water-softening procedure with the cutting fluid
supplier.

Delivery
A slow and generous flow of cutting fluid delivered to

the work area at low pressure is best for most type of

13



operations. Problems sometimes arise, however, with high
pressure systems. The coolant stream can easily be deflected
away from the cutting point by tool holders, cutting tools,
or the part being machined. As such, the critical tool and
workpiece may only receive a fraction of the coolant needed.

A fine coolant spray also may be an ineffective means of
coolant delivery because of the lack of coolant reaching the
cutting zone. All cutting fluid systems should have adequate
splash guards. Without them, the operator may sometimes
reduce the flow of the cutting fluid flow rate to avoid being
splashed. However, lowering flow rate can result in
overheating of the cutting zone can will inadvertently lead
to tool and/or workpiece damage.

Most fluids foam under certain conditions. Foaming is
usually traceable to any number of items: turbulence caused
by excessive pumping, speed, or pressure; feed nozzle being
restricted; mixing of incompatible oils which can often occur
from either change to or from a straight oil to a soluble
0il; or the incorrect application of agitating air during the
emulsification of a soluble oil.

PH Acidity and Monitoring

The pH value is the measurement of hydrogen ion
concentration. A pH 7 value indicates a neutral solution
where lower values being acidic and higher values being
alkaline.

Most coolants should be maintained with a limited

alkalinity range of 8.5 and 9.5. These levels tend to
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provide optimum corrosion protection without damaging
nonferrous metals while helping to control bacteria.

It should be noted that a sudden drop in the pH level of
a cutting fluid is a good indication of increased biological
activity or sudden change in coolant concentration due to
contamination. If coolant concentration and pH both jump
downwards, the sump has been contaminated. If coolant
concentration remains fairly constant and pH falls off,
biological activity is more than likely increasing.

A coolant's pH or acidity can be measured with litmus
papers or pH meters.

Litmus Paper

Litmus Papers are low cost and can give a quick estimate

of the pH of the fluid. Test papers are accurate to

plus or minus a full pH unit. To only determine the pH

of a fluid, simple litmus paper will do.

pH Meters

Medium cost pH meters are accurate to plus or minus 0.2

pH units. Meters that are of higher cost are accurate

to plus or minus one-hundreth of a pH unit. pH meter

kits can be purchased for one hundred to two hundred

dollars. To predict biocide failure, a medium cost pH

meter kit will be needed rather than test papers.
Coolant Concentration

Regardless of the type of coolant used, the workpiece
material, or method of treating fluids, certain monitoring

tests regularly performed will help ensure that the coolant

15



stays in top condition. Weekly monitoring is the minimum;
daily monitoring is suggested for small sumps or stand-alone
machines. Concentration is important to monitor because it
is the measure of the active ingredients present in coolant.
Extreme concentrations of coolant can result in increased
coolant cost and foam. In addition, if the coolant
concentration is too dilute, it can result in shorter tool
life, increased bacteria growth, and increased risk of rust
on newly machined parts.
The concentration of fluids in water-based coolants can
be monitored several ways.
Refractometers
Refractometers work well for clean systems and
emulsifiable oils, but their accuracy decreases
considerably as solids build up in the coolant. The
term refractometer is principally applied to instruments
used for determining the index of refraction of a
liquid. The index of refraction is a measurement of how
much light is bent as it passes through a liquid. The
refractometer measures the concentration of the cutting
fluid so that water lost in the cooling process can be
replaced, maintaining an optimum dilution of the fluid.
However, this measuring device is not recommended for
synthetics and semi-synthetics, because solids and tramp
oils affect their refractive indices, resulting in false

readings.
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Titration
The best method for checking the concentrations of
synthetics and semi-synthetics is titration. This
extremely accurate method involves testing how much a
specific component the coolant contains. Titration
measures a specific chemical or group of chemicals and
is less affected by interferences due to tramp oil or
water quality.
Metal Chip Removal
Metal chips must also be removed on a routine basis.
Not only can metal chips interfere with machining operations,
it can also serve as a place for bacteria growth. Chips can
be prevented from entering the sump by placing screens over
the coolant entrances to the sump or over the exits from the
holding tray itself. Chips can also be removed from the sump
using raking or vacuuming methods.
Tramp O0il Removal
Cutting fluid from machining processes are collected and
recirculated from sumps. During use, the coolant collects
hydraulic and lubricating tramp oils from the machining
system. Even small amounts of tramp oil can cause problems
with water-based cutting fluids. 1In large enough
quantities, tramp o0il also affects neat straight oils by
diluting their additives. This o0il, which can coat the
coolant surface, can cause bacterial decomposition,

congestion in pipelines, and emulsion overloading.
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Growth of anaerobic bacteria can render the cutting
fluid unsuitable for disposing through the sewer system.
Anaerobic bacteria will shorten coolant life and eventually
force disposal of the coolant waste. It may also produce
acidic conditions that may dissolve chips making the coolant
a hazardous waste.

The latter occurs when emulsifiers in a cutting fluid
try to emulsify tramp oil. This action will destroy the
equilibrium of soluble and insoluble components and leads to
emulsion instability and breakdown. As such, the insoluble
metallic soaps will then separate out and build up inside
pipes and hoses thereby reducing coolant flow. In extreme
cases, the system will need to be flushed with detergent to
clear the buildup which leads to costly down time and system
recharging.

There are several methods for removing tramp oil. These
methods are indicated as follows [4]:

1. Absorbent Blankets, or Fabrics or Pillows

2. Disk Type 0Oil Wheels

3. Belt Type Skimmers

4. Rope Type SKkimmers

5. Porous Media Separators or Coalescers

6. Centrifuges

For small sumps, oil absorbent fabrics or pillows are
feasible. When choosing an oil absorbent fabric, select one
that will not only repel water but also absorb hydrocarbons.

Belts and disk skimmers are found to be the most common
and cost-effective in large and small operations.

A coalescer is a porous media separator where the fluid

passes through the coalescer media. The media attracts and
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separates the tramp o0il from the fluid. The media is most
usually made of polypropylene which attracts o0il to it in
preference of water. The coalescer has no moving parts and
is generally self cleaning. As the oil separates to the top
of the tank, it can be removed by a skimmer. Generally,
medium to large shop operations can justify this method of
tramp oil removal.

Depending upon the type of maintenance program within
the facility, coolant sumps may require oil removal monthly
or even weekly. The exact management scheme for waste oil is
determined by the type of coolant, level of contamination,
presence of metals and organic solvents, and availability of
treatment.

Microbial Growth Control

Bacteria are soluble o0il's and water-based oils' worst
enemy. They feed on fatty components, corrosion inhibitors
and other emulsion components. As mentioned earlier in the
pH acidity section, the effects of microbial growth in fluids
can significantly reduce fluid life. A clean synthetic
coolant contains nothing for bacteria to feed on, but any
tramp oils in the coolant will nurture bacteria.

If left unchecked, bacteria multiply at a phenomenal
rate. Eventually, chemical changes takes place that
increase the coolant's acidity, destroying its stability, and
causing it to corrode metals.

Another unpleasant by-product of bacterial growth is

foul odors. Bacteria known as "sulfur reducers" produce very
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rancid smelling odors. They can grow in stagnant fluids
having low amounts of oxygen. Coolants stagnate after a few
days of inactivity, i.e. weekends, holidays, and plant
shutdowns. To prevent this from occurring, use of a small
air line, pump, or mechanical agitator is used to churn the
cutting fluid gently and continuously while in the sump.
Such aeration will minimize the sulfate-reducing bacteria's
growth rate.

Bacteria can be controlled in various ways. When
choosing the most feasible cutting fluid for a particular
application, one must be sure it contains an appropriate
biocide. One can ask the fluid supplier to recommend a
product.

Other Considerations

In some cases, the sump is not accessible and can not be
modified, i.e. making oil and chip removal very difficult.

An alternative would be to consider a different coolant that
might have equivalent properties but provide a longer life in
the same environment.

Another consideration would be a centralized sump for
several machining operations which may ease maintenance
operation and reduce capital costs for maintenance equipment.

However, when looking at purchasing a new machining
unit, the access to the coolant sump and ease of performing
maintenance should be given considerable priority. Studies
have shown that sumps constructed of sheet metal with rounded

edges are easier to clean.
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