Overview
Metalworkingfluidsareexactlywhatthetermmeans:the
fluids are used to work the metal. The work can be any
methodthatchangestheshapeofthemetal. Thisapplies
to both metal deformation, asin drawingand stamping,
as well as metal removal, as in machining and grinding.
Understandingthebasicsofmetallurgyprovidessufficient
backgroundtoknowhowthevariousmetalsweencounter
differ.Thesedifferencesimpactthetypesoffluidschosen
fortheindividualoperations.However,rememberthatthis
is just one piece of the puzzle in choosing a fluid for an
application.

What is Metallurgy

Metallurgy is the science and understanding of metals.
There are many properties that are important to a
metallurgist. The structure of the metal, down at the
atomic level, is where most properties are defined. The
specializedthree-dimensionalarrangementsarecalledthe
crystallinestructure.ltisthiscrystallinestructurethatdefines
thestrength,malleability,electricalconductivity,thermal
expansion,specificheat,andmeltingpoint.However,not
allofthese apply to orimpactafluid selection. The main
featuresthatwemustconcernourselveswitharehardness
and carbon content for ferrous alloys. The hardness
predictsthemachineabilitywhilethecarboncontentimpacts
thehardnessandresistancetocorrosion.Fornon-ferrous,
wefocusonthealloyingcontentsandthestainpotential.

Ferrous and Non-Ferrous

Initssimplestterms, metalsareviewedaseitherferrousor
non-ferrous.Theterm“ferrous”’meansthatironisincluded.
Iron is an element with a chemical term of “Fe” which is
derived from the Latin word“ferrum.” Steel and castiron
arebothferrousalloys.Non-ferrous,therefore,isanymetal
thatdoesnotcontainanyiron, exceptfortraceamounts.
Aluminumisthelargestcategoryofnon-ferrousalloysthat
wetypicallyencounterinmetalworkingapplications.How-
ever,non-ferrousalloysalsoincludethecategoriesofbrass,
bronze, copper, nickel and titanium. Materials like glass
andquartzandotherceramicswillnotbediscussedhere.
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Ferrous Alloys
Steelandcastironarebothferrousalloysand containthe
element iron (Fe) and carbon (C). The carbon content
differentiates these two. Steel can contain up to 1.5%
carbon while cast iron may contain from 2.0 to 4.0%
carbon. Otherelementsthatareaddedinto this mixture
impactthe propertiesand performance of the metals. A
four-digitnumbersystemwasadoptedbytheorganizations
involved withthe metals. Thefirsttwodigitsindicatethe
major metallic alloys present while the last two digits
representthecarboncontentinhundredthsofapercent.
Thesecombinationsyield thenumerical designationsas
listedinTable 1. Asan example, 4140 steel containsiron
withchromiumandmolybdenumand0.40%carbon.Aside
from the specific steel alloys listed in Table 1, there are
twoothercategoriesforsteel:toolsteelandstainlesssteel.
Metalworkingproductselectionisdrivenbythehardnessof
the alloy and the application.

Table 1
Carbon and Alloy Steel Designation System

Alloy Series Alloy Content

10XX Plain Carbon

11XX Resulfurized

12XX Resulfurizedandrephosphorized
13XX, 15XX Manganese

23XX, 25XX Nickel

31XX, 32XX, 33XX, Nickel plus chromium

34XX

40XX, 44XX Molybdenum

41XX Chromium plus molybdenum

43XX, 47XX, 81XX,
86XX, 87XX, 88XX,
93XX, 94XX, 97XX,

Nickel plus chromium plus
molybdenum

98XX

46XX, 48XX, 97XX, Nickel plus molybdenum

98XX

50XX, 51XX Chromium

51XXX, 52XXX Chromiumplusgreaterthan1.0%
carbon

61XX Chromium plus vanadium
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Tool Steels
Tool steel covers more than just tooling. It also covers
molds, bearings, wear parts and other structural
components. Tool steels are categorized by function as
definedbyaletterandtwonumbers. High-speedsteelis
usedintoolingwhere high speeds createlargeamounts
of frictional heat. Tungsten, chromium, and vanadium
areadded toincrease the durability of this metal. Thisis
commonlyreferredtoasT1.Whenmolybdenumisused,
it is referred to as M-type. Details on tool steels can be
found inTable 2. The metalworking fluid will mostly be
higherlubricationtechnologies.Thiswillbesolubleoilsand
heavy-dutysolutionsynthetics.Lowerspeedoperationswill
require straight oils.
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Stainless Steels
Asitsnameimplies,stainlesssteelis“stainless”"becauseof
theincorporationofchromiumataminimumof12%.This
produces a protective surface oxide film. The alloying
elementsalsomakestainlesssteelverydifficulttomachine.
SeeTable 3 for a brief description of these alloys. There
is also a process called precipitation hardness (pH) that
involvesspecificheattreatingstepstoincreasethestrength
ofthealloy. Forexample, 17-7 pHstainless steel contains
17% chromium and 7% nickel. pH can also be used for
aluminumbutatlowertemperatures. Themetalworking
fluidwillmostlybehigherlubricationtechnologies.Thiswill
besolubleoilsandheavy-dutysolutionsynthetics.Lower
speed operations tend to use straight oils.

Table 2 - Tool Steel Categories

Tool Steel

Categories Name Application Alloying Element(s) Reference

High-speed High-speed machining | Tungsten or molybdenum T-type and M-type
Hot Work Die Die casting Chromium H1-H19
Hot Work Die Die casting Tungsten H20-H39
Hot Work Die Die casting Molybdenum H40-H59
Cold Work Forming at <500°F Oil hardened O-type
Cold Work Forming at <500°F Air hardened A-type
Cold Work Forming at <500°F High carbon, high chromium | D-type
Shock-resisting Chisels, punches, etc. | Not Applicable S-type
Mold Plastic Molding Not Applicable P-type
Water-hardening Slow-speed tooling Low alloy, high carbon W-type
Special purpose Collets, cams, arbors Varies depending on need L-type

Table 3 - Stainless Steel Designation System
2XX Chromium plus manganese plus nickel
3XX Chromium plus nickel
4XX Chromium (12-20%)
5XX Chromium (5%)
pH Chromiumplusnickelplusmolybdenumoraluminumorcopper
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Cast Iron
As mentioned above, cast iron differs from steel by the
carbon content. Castiron contains 2.0to4.0%carbon. In
addition, castiron also contains from 1.0 to 3.0% silicon
(Si). Thecombinationoftheseelementscreatesaunique
microstructurethatleaves excess carbon. Itisthe excess
carbon that further defines the forms of iron known as
malleable, nodular, ductile, gray and white iron.

The most common type of cast iron is called gray iron.
A freshly fractured surface has a dull gray texture that is
related to the graphite flakes that form. The flaking also
means that this form of castiron has very little strength.
However,ifthecarbonandsiliconcontentarekeptattheir
lowest levels, there is less graphite. A freshly fractured
surface takes on a white appearance, hence the name
whiteiron. Thisformisveryhardandhasextremelygood
wearresistance.Heattreatingwhiteironcreatesmalleable
iron.Addingspecificrareearthmetalstograyironcreates
nodulesofgraphiteratherthanflakes.Nodularironisalso
very ductile.

Therearedifferentformsofhardeningandtemperingthat
producedifferenteffectsoncastiron.Thisinvolvesdifferent
aspectsofheatingand coolingtheironatdifferentrates.
This canalsoinclude quenching (in both airand liquids)
along with exposing the cooling iron to an atmosphere
other than oxygen.

The two big issues we face with cast iron alloys are
corrosion protection and detergency. The corrosion
threshold of the metalworking fluid becomes more of a
criticalfactorwhenconsideringtheapplication. Further,
theverysmallgrains of castiron oftenbecomeverydirty
and are referred to a cast iron “smut.” The detergency
ofthecoolantmachiningthealloyisveryimportant. This
alsoimpactsthehandlingofthecastironfines. Generally
speaking,solutionsyntheticsandsemi-syntheticshandleboth
of these issues quite well.
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Aluminum

Aluminum can befoundintwo forms:castand wrought.
The associations that deal with these alloys created a
numberingsystemusedtoidentifythealloys.Inbrief,the
three-digit series are cast alloys and the four-digit series
are the wrought alloys. Please see Table 4 for generic
information and Table 5 and Table 6 for detailed
information.

Table 4 -
Cast Aluminum Designation System
Alloy Nominal Alloy
Series Content

1XX 99.0% purity
2XX Copper

3XX Siliconwithminoradditionsofcopper
and/or magnesium

4XX Silicon

5XX Magnesium
6XX Unused
7XX Zinc
8XX Tin
Wrought Aluminum Designation System

1XXX 99.0% purity

XXX Copper plus minor additions of
manganese and magnesium

3XXX Manganese plus magnesium
4XXX Silicon
5XXX Magnesium plus minor additions of

manganese and chromium

Silicon and magnesium plus minor

6XXX additions of copper, manganese or
chromium
7XXX Zinc and magnesium plus minor

additions of copper and chromium
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Aluminum is used because of its density and strength. It
is lighter than ferrous alloys and, depending upon the
application, stronger than a ferrous alloy. There are two
mainproblemswithaluminum:surfacefinishandstaining.
Castaluminumiseasytomachinebasedonmachineability
ratings butdifficulttoobtainagoodsurfacefinish. Itisthe
porosity of thisalloy, created inthe casting process, which
cancreatehavocwithtoolingand,subsequently,thesurface
finish. It is Quaker’s experience that the gummy nature
of aluminum makes it difficult to machine. This has been
confirmed with several end users. We do know that very
goodboundarylubricationistypicallyrequiredtohandlethe
finishrequirements.Thisdemandssolubleoilsandheavy-duty
solutionsynthetics.Somesemi-syntheticscanhandlesome
gradesofcastaluminumdependinguponthesurfacefinish
requirements.Thepredominantalloysweseeare308,356,
380 and 390 and are highlighted red on Table 5.

Thewroughtalloyshaveahighertendencytowardstaining
becauseofthehigherconcentrationsofcopper,magnesium,
and zinc as alloying elements. Good non-ferrous
inhibitors usually handle these alloys quite well. Usually,
solutionsyntheticsandsemi-syntheticsaregoodforthese
applications. The predominant alloys we see are 2024,
6061, and 7075 and are highlighted red on Table 6.

Summary

As you can see, there are several aspects to
understand. To make things easier for you,
keep the attached tables with you for quick
reference. However, you will find that, while
these lists appear to be extensive, you

will actually encounter a smaller percentage
in use.

Contact Quaker at
info@quakerchem.com
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Table 5
Cast Aluminum Chemical Composition (% Alloying Elements)
Silicon Manganese =~ Magnesium  Chromium  Nickel Zinc Tin Titanium

208 25-35 1.2 35-45 0.50 0.10 0.35 1.0 0.25
213 1.0-3.0 1.2 6.0-8.0 0.60 0.10 0.35 25 0.25
222 2.0 15 9.2-10.7 0.50 0.15-0.35 0.50 0.8 0.25
242 0.7 1.0 35-45 0.35 12-18 0.25 17-23 0.35 0.25
295 0.7-15 1.0 40-5.0 0.35 0.03 0.35 0.25
308 5.0-6.0 1.0 4.0-5.0 0.50 0.10 1.0 0.25
319 55-6.5 1.0 3.0-4.0 0.50 0.10 0.35 1.0 0.25
328 75-85 1.0 1.0-2.0 0.20-0.60 0.20-0.60 0.35 0.25 15 0.25
A332 11.0-13.0 1.2 0.50-15 0.35 0.7-13 2.0-3.0 0.35 0.25
F332 85-10.5 1.2 20-4.0 0.50 050-15 0.50 1.0 0.25
333 8.0-10.0 1.0 3.0-4.0 0.50 0.05-0.50 0.50 1.0 0.25
355 45-55 0.6 1.0-15 0.50 0.40 - 0.60 0.25 0.35 0.25
356 65-75 0.6 0.25 0.35 0.20-0.40 0.35 0.20
357 6.5-7.5 0.15 0.05 0.03 0.45 - 0.60 0.05 0.20
360 9.0-10.0 2.0 0.60 0.35 0.40-0.60 0.50 0.50 0.15

380 75-95 2.0 3.0-4.0 0.50 0.10 0.50 3.0 0.35
A384 10.5-12.0 1.3 3.0-45 0.50 0.10 0.50 1.0 0.35

390 16.0-18.0 1.3 40-50 0.10 0.45-0.65 0.10 0.20
413 11.0-13.0 2.0 1.0 0.35 0.10 0.50 0.50 0.15

B443 45-6.0 0.80 0.15 0.35 0.05 0.35 0.25
514 0.35 0.50 0.15 0.35 35-45 0.15 0.25
518 0.35 18 0.25 0.35 75-85 0.15 0.15 0.15

520 0.25 0.30 0.25 0.15 95-10.6 0.15 0.25
535 0.15 0.15 0.05 0.10-0.25 6.2-75 0.10-0.25
705 0.20 0.80 0.20 0.40 - 0.60 14-18 0.20-0.40 27-33 0.25
707 0.20 0.80 0.20 0.40-0.60 18-24 0.20-0.40 4.0-45 0.25
712 0.15 0.50 0.35-0.65 0.05 0.60-0.80 6.0-7.0 0.25
713 0.25 1.1 0.40-1.0 0.6 0.20-0.50 0.35 0.15 7.0-8.0 0.25
850 0.70 0.70 0.7-13 0.10 0.10 0.7-13 55-7.0 0.20
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Tabl

Wrough Aluminum Chemical gct:rﬁp?osition (% Alloying Elements)
Alloy Silicon Iron Copper Manganese = Magnesium  Chromium Zinc Vanadium  Titanium Other
1050 0.25 0.40 0.05 0.05 0.05 0.05 0.05 0.03 0.03
1070 0.20 0.25 0.04 0.03 0.03 0.04 0.05 0.03 0.03
1200 <1.0 0.05 0.05 0.10 0.05 0.03
2011 0.40 0.70 6.0 030 Biemuth &
2014 05-1.2 0.70 39-5.0 04-12 02-08 0.10 0.25 0.15 0.15
2024 0.50 0.50 38-4.9 0.3-0.9 12-18 0.10 0.25
3003 0.60 0.70 0.05-0.2 10-15 0.10 0.05
3004 0.30 0.70 0.25 1.0-15 08-13 0.25 0.05
3005 0.60 0.70 0.30 10-15 0.2-0.6 0.10 0.25 0.10 0.05
3103 0.50 0.70 0.10 09-15 0.30 0.10 0.20 0.05
5005 0.30 0.70 0.20 0.20 05-11 0.10 0.25 0.05
5049 0.40 0.50 0.10 05-1.1 16-25 0.30 0.20 0.10 0.05
5052 0.25 0.40 0.10 0.10 22-28 0.15-0.35 0.10 0.05
5083 0.40 0.40 0.10 04-10 40-4.9 0.05-0.25 0.25 0.15 0.05
5086 0.40 0.50 0.10 02-0.7 35-45 0.05-0.25 0.25 0.15 0.05
5154 0.25 0.40 0.10 0.10 31-39 0.15-0.35 0.20 0.20 0.05
5251 0.40 0.50 0.15 0.1-05 1.7-24 0.15 0.15 0.15 0.05
5454 0.25 0.40 0.10 05-1.0 24-30 0.05-0.20 0.25 0.20 0.05
5754 0.40 0.40 0.10 0.50 26-36 0.30 0.20 0.15 0.05
6005 0.6-0.9 0.35 0.10 0.10 0.4-0.6 0.10 0.10 0.10 0.05
6060 03-06 |01-03 0.10 0.10 0.35-0.6 0.05 0.15 0.10 0.05
6061 04-08 0.70 0.15-0.4 0.15 08-12 0.04-0.35 0.25 0.15 0.05
6063 0.2-0.6 0.35 0.10 0.10 045-0.9 0.10 0.10 0.10 0.05
6082 07-13 0.50 0.10 04-1.0 06-1.2 0.25 0.20 0.10 0.05
6101 03-0.7 0.50 0.10 0.03 0.35-0.8 0.03 0.10 0.03
6351 07-13 0.50 0.10 04-08 04-08 0.20 0.20 0.05
6463 0.2-0.6 0.15 0.20 0.05 045-0.9 0.05
7010 0.12 0.15 15-2.0 0.05-0.1 21-26 0.05 57-6.7 0.06 0.05
7020 0.34 0.40 0.20 0.05-0.5 10-14 01-035 | 40-5.0 Zirconium
7021 0.25 0.40 0.25 0.10 12-18 0.05 50-6.0 0.10 Zirconium
7075 0.40 0.50 12-20 0.30 21-29 0.18-0.28 | 5.1-6.1 0.20 0.05
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