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Coolants are widely used in industries for metal cutting operations. Though there are
varieties of coolants available, the most widely used are water-soluble coolants because of
their low cost and better heat dissipation compared to straight cutting oils. In the present
investigation, amongst the various causes, which deteriorate the coolant, the role of
hardness of water is primarily studied. Accordingly, water from different sources with
varying hardness is considered and coolants are prepared from the same. The extent to
which hardness can affect the performance of coolants is studied as a function of coolant
lubricity in a reciprocating tribometer. Further, the effect of entry of coolants into
lubricated machine tool slideways is also assessed by evaluating the mixture of coolant
and lubricating oil for its frictional behavior. This is important from assessing the impact
of the mixing of coolant and lubricating oil on machine tool slideways with regard to
positioning exactness and stick dip behavior of dideways in terms of coolant-lube
compatibility.
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Introduction

Cutting fluids also known as coolants generallyfgren three
major functions: cooling, lubrication, cleaning aaw@ usually oil or
water based. Oil based coolants are often saidffes euperior
lubricity, longer fluid life, improved surface fisth, higher stock
removal rate and extended tool life. These advastage generally
offset by the prospects of high cost of set up ictmmg the danger
of employing flammable oil added with the ineffeemess of oil in
convective cooling. Water based coolants on therottand offer
improved convective cooling properties coupled wigduction in
costs, better cleanliness and the added versatflibging able to be
added with various synthetic additives to enhanopgrties, be it
anti rust, anti foaming, improved lubricity or ottése.

The assessment of the term lubricity with regard@dolants or
cutting fluids though being extensively used irr#ture has been
minimal. Liang et.al. (1999) have proposed an drpantal
methodology that attempts to quantify the tribotagjieffectiveness
of the cutting fluid based on the cutting force uesl obtained
through a dynamometer as a function of the variaitiothe friction
coefficient, whereas Sales et.al. (2001) have eyaplscratch test
techniques based on the scratch specific energjetermine the
lubricity. Though the two methods proposed do piteva means to
assess the lubricity of a cutting fluid, they aesl sensitive to reflect
changes in additive chemistry or concentration whicturn affects
lubricity and also for evaluating cutting fluids rfdow speed
applications. Also compounding the problem in sanaehinery is
the possibility of being unable to prevent the icéting oil from
leaking into the cutting fluid system or vice verSaough for such
situations one can resort to dual or tri-purpostiray fluids, one
still needs to assess the effect of the mixturecoblant and
lubricating oil on the machine tool slideway frohetperspective of
being able to meet the challenging demands of Ipigkitioning
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exactness, good compatibility of the coolant anldriaant, good
demulsifying behavior, low stick-slip free coeficit of friction
over a wide range of speed.

The current investigation, in addition to proposagimple and
effective means to assess the lubricity of cutflogls or coolants,
also attempts to relate the demulsification belramidhe mixture of
coolant and lubricating oil to its tribological kmhior through
friction curves obtained using a linear recipraogtiribometer.

Coolant Deterioration and Lubricity

The initial investigation addresses the issuesaperny to
deterioration of the coolant with emphasis on tile of hardness of
water. An investigation into the lubricity propesiis also carried
out by studying the tribological behavior at varyispeeds in the
reciprocating tribometer. The coolants employedtfar tests were
made from single soluble oil (SOL XL). They wereepared by
mixing the soluble oil with different sources of temin a ratio of
1:20 by volume. Depending on the water source todants were
named as under:

Coolant A= soluble oil + treated river water

Coolant B> soluble oil + ground water (tubewell)
Coolant C> soluble oil + distilled water.

Table 1. Hardness of different sources of water.

Water Source Hardness (ppm of CaCO,)

69.834
129.08

Treated river water
Ground water (Tubewell
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Table 2. pH values of coolants.

pH Value
Coolant-A| Coolant-B| Coolant-C
Freshly prepared (1:2 8.91 8.7¢ 9.12
After 3 weeks (1:2( 8.82 8.34 9.1<
After 3 months (1:2( 8.4: 7.4¢ 8.62

Dissolved minerals or salts or both cause hardf¥msg, 1979)
in water. This is expressed as parts per million GHlcium
Carbonate: 1ppm of Calcium Carbonate indicates1B@ao0 liters of
water contain one gram of Calcium Carbonate.

From Table 1, it can be seen that the ground (tebewater is
harder compared to river treated water. In coolgnépared from
hard water the dissolved salts gradually separateanod form a
separate layer on the top. The net effect is that pf the
concentrate adversely affects the cutting efficjefiégures 1, 2 and
3 indicate the status of coolants prepared fronumglo river treated
and distilled water respectively at different tiingervals. From the
figures it is observed that the softer the watethie longer it takes
for the residue to separate out. In the coolantaned from distilled
water it is observed that no residue is formed eséier three
months of preparation. Thus, the minerals in wadeg very
detrimental to the stability of coolant mixtures.

Minerals in water not only cause residues to fona eorrosion
to occur, but they also help bacteria to grow {latt of Advanced
Manufacturing Sciences, 1995). Minerals, other thiawse which
cause hardness such as chlorides and sulphatesjbotn to
corrosion or rust and, the higher their concerdrathe more of the
cutting fluid concentrate is required to preventrasion. The
sulphates are particularly detrimental because theymote the
growth of bacteriaDesulfovibrio desulfuricans, which produce a
rotten egg odor (Institute of Advanced ManufactgriSciences,
1995). The effect of hardness in water is furtr@mpounded in the
sump. A machine coolant sump acts as a still. Theerthe fluid is
aerated, the more the water evaporates. As thigsche content of
minerals in the water increases, causing formatiomore residues
with increased corrosion.

Since the ground and river treated water is fouadhave
dissolved minerals, its pH value can be expectedbéo less
compared to distilled water. The salts being adidit to lower the
pH value. The pH value indicates the effectiveneghe rust
control, cleaning ability and bacterial control. €Tleutting fluids
must be designed such a way that they have a ptit vanging
between 8.8 and 9.2. pH less than 8.8 increasdert@a@ctivities
and greater than 8.8, result in low bacterial d@éls. For better rust
inhibition on ferrous metals a higher pH is dediabBut, in
coolants with pH greater than 9.5-skin irritatioacbmes a major
concern (Ciesko, 1975). The skin has a pH of 6.8&eracidic side
and has a protective layer of natural oils to cktanoisture
evaporation and to act as a mechanical shield. &pmently,
anything that tends to remove the natural oils fitten skin and to
neutralize the acidity will tend to cause troubte, to produce
dermatitis. From table 2 it is seen that coolanh& got a pH
slightly lower than 8.8 and is more prone to baatemttack with
time. From table 2 it is also observed that thevalie of coolants
A and B after 3 weeks has slightly reduced. Thimé&nly due to
evaporation of water, which increases the conceotraf minerals
(Silliman, 1992). Particularly in coolant B it i®served that the pH
is reduced to 8.34. In shop floor conditions, whire chances of
contamination are greater, a lower pH increases kheterial
activity, due to which the coolant degrades faster.
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a) Freshly prepared

b) After 3 weeks  c) After 3 months

Figure 1. Effect of hardness of water on coolant A.

S8

a) Freshly prepared b) After 3 week c) After 3 months

Figure 2. Effect of hardness of water on coolant B.

a) Freshly'prep'ared b) After 3 week c) After 3 months

Figure 3. Effect of hardness of water on coolant C.

The above results though pertain to the determmatit coolant,
its lubricity is assessed from a tribological stagpmint. Coolant
samples as prepared above were tested on the liegigrocating
Tribometer, as you can see in the following topics.

Linear Reciprocating Tribometer

A schematic of the Tribometer is shown in Fig. AeTprinciple
of operation (Fig. 5) consists of reciprocating aving member
(slide) against a stationary counter surface (Hlogith the slide
reciprocating in the guideways of the machine. Shde and the
block are made of En 354 steel surface harden&@DtbIRC and
ground to a Rof 0.5 and 0.3/imrespectively. The specifications of

the tribometer and accessories are:
Maximum Load 500 N

Stroke 200 mm

Block Dimension 54 X 25 X 25 mm

Slide dimensions (body) 410 X 100 X 15 mm

Speed 0.1 mm/min to 2000 mm/min

Based on the typical pressure (0.25-0.4 MPa) erteoech in
machine tool slideways, a load of 405 N was apptieaesponding
to a pressure of 0.3 MPa on the block. Coolantiloisantroduced
between the block and the slide by gravity flowotigh a cup with
an opening on to the slideways. The test for eaglocity was
conducted for a specific time interval. The frictidorce values
obtained by a force transducer were recorded ortrip shart
recorder. The average of the friction force (F)ueal over the test
duration was determined. Knowing the normal loaglied, co-
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efficient of friction was determined using the ['Eia,u:%. The
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Figure 7. Variation of coefficient of friction with time.
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Demulsification Assessment and Tribological Behavior

The demulsification assessment is carried out aPpe 51599
specifications. Lubricating oil employed to carmgt alemulsification
assessment was commercially available lube (VG 6B the
following specifications:

Colour: Golden Yellow

Flash point(°C) : 170

Specific gravity @ 30°C: 0.88

Kinematic viscosity @ 40°C: 64-7e0m° /s

The main aim is to determine how fast the coolant a
lubricating oil separate out. Equal amounts of aobl(20ml) and
lubricating oil (20ml) are mixed and stirred foraai five minutes at
1500 rpm. The mixture is kept in a test tube andeoled after
different intervals of time and the observatiors racorded.

During machining operations the coolant suppliece®iwith
the lubricating oil present in the slide ways. Tlhericating oil
present in the slide ways attracts dust and becamnéseeding
ground for bacteria. If this lubricating oil mixegth the coolant,
undesirable effects may be produced. Further, rtitigure will be
let into the sump from where it is re-circulated.the sump, due to
evaporation of water, the mineral content increases again, the
pH value reduces. Reduced pH leads to increasddrizactivity.
To avoid this it is always desirable that the labting oil mixed
with the coolant is removed. Hence it is neces#iaay coolant and
lubricating oil separate out as soon as possibndQcting the
demulsification test can be informative with redptecthe above.
This test though gives an indication regarding ¢hmpatibility of
the coolant and lubricating oil, nothing says abitet influence of
this mixture of coolant and lubricating oil on digday behavior.
Fig. 8 shows the demulsifying behavior of differesiblants when
mixed with lubricating oil after different intengabf time.

It is seen that there is complete separation oflacdoand
lubricating oil after nearly a month of mixing, whiis a very long
time. Hence, this combination of coolant and luftiey oil taken
does not give good demulsifying behavior. Even tiouhe
demulsifying behavior is bad it is not possiblecimclude whether
the coolant is good, bad or compatible unless titmlogical

properties are studied.

1-> Coolant A+ Lube Oil
2-> Coolant B+ Lube Oil
3-> Coolant C+ Lube Oil

a) After 30 minutes b) After 45 days

Figure 8. Observation of demulsified samples.

When the coolants are mixed with lubricating ofie tfriction
curves for the resulting demulsified samples aBitn 9 are higher
compared to the friction curves for the stand alooelants as seen
from Fig. 6 indicating that friction in demulsifiesample in the
boundary layer regime is more than in coolantsaldmis happens
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because when lubricating oil gets mixed with cotdathe emulsion
is destroyed and oil content increases. It is alsserved from Fig. 9
that the demulsified samples have almost the saitioh values
and its values are comparable with the frictionveunof lubricating
oil.

The data presented in the Fig. 9 are for freshlgpared
demulsified samples. The freshly prepared mixturéhe coolant
and lubricating oil mixed in equal proportion igEd and drawn by
a syringe and immediately used for testing. Samptepared thus
were chosen for testing in order to understand Itoevmixtures
behave as they come into contact with each othas, s$imulating a
real life situation. Also for all the three coolasamples mixing
with the lubricating oil marginal stick-slip behaviwas observed at
low velocities. Fig. 10 shows the stick-slip belavndicated by the
increase in friction force at low velocities forethdemulsified
sample B i.e. mixture of coolant B and lubricatioiy From the
figure it was observed that the stick slip amplé@ud maximum at
0.1mm/min and diminishes with increasing lineawoedl.
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Figure 9. Dynamic Frictional Characteristics of Demulsified Samples and

Lubricating Oil.
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Figure 10. Stick-slip behavior for the Demulsified Sample B.

Conclusions

The lubricity and compatibility of coolants and ddsified
samples was determined and the following conclissieere drawn:

« The salts present in the water play a major rolmaking the
coolant unfit for use as the hardness causes isglitf
emulsion and formation of a gummy deposit.

« The hardness decreased the pH value faster as shaabie 2,
indicating that in case of contamination the cotdgrepared
from hard water degrade earlier, thus affectinglabeicity.
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