Overview
Theterm“water-solublemetalworkingfluid’meansthatthe
fluidis mixed with water priorto usein the machinetool.
However,unlikestraightoils,water-solubleproductsmust
bemonitoredforappropriateconcentration.Whatexactly
is being monitored or measured? There are anumber of
different variables involved. Many people ask,“What is
the REAL concentration?” The answer is, “It depends!”

Methods

Theconcentrationofanyproductisdependentuponthe
type of product and the test method(s) employed. Not
alltestmethodsareapplicableforall products. Common
testmethodscanbegroupedintosixdifferentcategories,
withoutgettingintointensiveanalyticalprocedures.They
are described in the table below:

Test Method Categories

Generic Method Brief

Name Description
Acid Split

Best for oil-containing products

Dry-down (“solids”) Generallyforlowactivesproducts

Extraction Dependentuponthecomponent

Refractometer Works for all technologies

Saponification Only for fats & esters

Titration Dependentuponthecomponent

Eachoftheseisdescribedingreaterdetailinthesections
below along with their interferences. Each method can
benegativelyaffectedbycontaminantsthatwillgenerate
false positivesandlead ustobelieve thatmore“product”
ispresentwhenitis not. Laboratory conditions are used
todeterminethefactorsfortheseprocedures.Thismeans
thateachproductwillresponddifferentlytoeachtestand
its “factor” reflects to what degree it is affected. Also,
eachwrittenproceduredescribesexactlyhowmuchfluid
isrequiredforthetest,whatreagentsarerequired,andthe
apparatus necessary to complete the method.
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Ratio Versus Percentage

A concentration is best expressed as a percentage,
meaning parts of concentrate per parts of total dilution.
If 5 parts of X are added into 95 parts water, then the
concentration of X is 5%. This is because the total is 5
parts of X plus 95 parts of water for a total of 100 parts.
Five divided by 100 yields 0.05. As a percentage, this
equals 5.0%. Some peoplerefertodilutionsintermsofa
ratio.Forthatsame5%dilutionfromabove,thecalculation
istosimply divide that numberinto 100. Inthis example
thedilutionis referred to as 20:1. Regardless, itis always
besttoconfirmexactlywhatisbeingstatedto makesure
everyoneunderstandshowmuchoftheproductconcentrate
was added into how much water. The table below
demonstrates the relationship:

Ratio and Concentration

Ratio 100:1 | 50:1 | 33:1 | 25:1 | 20:1 | 10:1
Concentration (%) 1.0 2.0 3.0 40 | 5.0 10.0
Dry-Down

A dry down is exactly what it sounds like. A dilution is
drieddowninanoventoremoveallofthewater. Likethe
acid split, itis necessary to remove the tramp oil first. Of
course,othercontaminants, likeschipsandotherdebris,
mustalso beremovedfirstviafiltration. Thisis typicallya
very“quick &dirty”method when othermethodsarenot
available. Products that tend to have a small amount of
activeingredientscanbeashedbytakingthetemperature
above 1100°F in small crucibles. This causes all organic
materialtoburnoffleavingonlyinorganicmaterialsbehind.
Obviously,thisonlyworksforproductscontaininginorganic
compounds in the formulation. This should only be run
under tightly controlled laboratory conditions.
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Extraction
An extraction involves the use of a specific solvent to
“extract” or “capture” a specific component(s) in the
product.Themostcommoncomponentinvolvedisoneof
Quaker'sesters.Sometimesitwillbereferredtoasanester
extraction. Afterthe componentis extracted, additional
analysis is performed to quantify the amount. Like the
dry-down, this needs to be performed with very specific
laboratoryequipment,especiallywhenhandlingsolvents.
Thetypicalinterferencewouldbeanycompoundthatwould
be soluble in the particular solvent.

Refractometer

The optical refractometer was originally designed to
measure the percentage of sugar, expressed as sucrose
(% Brix), in solution for wine making. Today, this same
device is used to monitor a wide range of “solids” in
solution. Arefractometer,in essence, measures the total
activesofaproduct. Afewdropsofthedilutionareplaced
on a small glass chamber, covered by a prism, and then
pointedatabrightlight. Thelightisrefractedthroughthe
prism.Whenviewedthroughtheeyepiece,alinearscaleis
readtodeterminethe%Brix.Thatreadingisthentranslated
into concentration based on the factor for the product.

Therearemanydifferentmanufacturersofrefractometers
with different scale readings. The most common are the
0-10 scale and 0-32. Aslong as you expect to run
concentrations below a reading of “10” a 0-10 scale unit
should work fine. If a product has a reading of 4 on a
0-10,itshould alsoread 4 on the 0-32 unit. However, just
recognizethattherewillbefewergraduationsonthe0-32
scale. Thiswill affectaccuracy of thereading. Thisdevice
is also thrown off by the presence of tramp oil so, like the
othermethods,thetrampoilshouldberemovedfromthe
dilutionpriortotesting.Thisdeviceisstandardizedtoread
“0” against distilled water.

Property of Quaker Chemical Corporation.

Quaker
Knowledge Network

Concentration
Skill Builder

Onethingthatisabsolutelycriticaltorememberwhenusing
this method is that not all products read the same. Each
productwillhaveitsownrefractometerfactor.Thelevelof
activeingredients(i.e.thosethatrefract)intheconcentrate
dictatesthefactor. Ifaproductcontains 20% waterinthe
concentrate, thena 10%dilutionwillread 8.0at best. This
canconfusesomeendusersthatarenotawareofthisissue.
Some people believe thatareading of“5”"means 5.0%. It
doesonlyiftheproductis100%active.Otherrawmaterials
canimpactthereadingaswell.Thebottomlineisthateach
suppliershouldprovideachartshowingtherefractometer
readings over the normal concentration range.

Saponification

Only fats and esters can be saponified. Saponification
occurswhenacausticmaterialisheatedwiththesolution.
The end mixture is then titrated to an endpoint. Fat-
containing and ester-based products work best for this
method.Likeanextraction,thismethodrequiresalittlemore
laboratory control than other methods.

Titration

This is actually a simple acid/base titration. A titration
canbeconductedcolorimetricallyorpotentiometrically.
A colorimetric endpoint uses an indicator that changes
color when the endpoint (i.e. specific pH) is reached. A
potentiometricendpointusesthepHmeter.Potentiometric
is more accurate than colorimetric. A titration can be
basedontheacidityoralkalinity oftheproduct. Thereare
titrationsfortotal,free,andreservealkalinity. Thereisalso
aboricacidtitration. Atitrationisveryaccuratebutwillbe
interferedbysimilarcompounds.fyouareconductingan
alkalinetitrationandanalkalinecleaneristhecontaminant,
you will read both.
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Conclusion
The next time someone asks you about
concentration, you should now be able to
handle this inquiry in a better manner. Maybe
your response should be, “The concentration

of what?” By understanding the product and

the process contaminants, you can choose the
best method for monitoring. Most laymen will
expect a more simple answer about the amount
of “product”in the solution or emulsion. By
understanding the product and the process
contaminants, you can choose the method of
monitoring concentration that will lead to higher
customer satisfaction.

Contact Quaker at
info@quakerchem.com
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