Case Study
Re-Thinking Precision Cleaning of Tools
Prior to Coating for Increased Throughput

and Superior Adhesion
Cheryl Larkin

In the cutting tool world, an appropriately coated tool can allow
increased feed of product and speed of cutting up to 50 percent,
and can increase tool life up to 10 times. At HTL, the new
Miraclean cleaning line has eliminated manual scrubbing labor
and increased throughput.

ardcoatinglfechnologies Ltd (HTL) in Munroe Falls, OH,
was foundedin 1996 becauseof quality issues.Their
commitmentto quality has taken them from coating
67,000cutting toolsin 1996to 1.7 million plusin 2006
andon pacefor morethantwo million in 2007.
HTL is the sistercompanyof cuttingtool manufacturelSGS,the
first domesticcutting tool manufactureto attainISO 9001 statusin
theU.S. SGSis alsoheadquartereth MunroeFalls, whereit manu
facturesa variety of cutting tools, drills, endmills, burs,reamers,
routers,countersinksand specialsthat are sold worldwide in 66
countriesThe tools manufactured by SGS are used in manufacturing
processedy industriessuch as aerospaceautomotive,medical,
powergenerationfoundry/castingandmold anddie. A key selling
point and quality standard for thes tools is the significantly
increased tool life and production capacity that occurs when the tools
are coated via physical vapor deposition (PVD) with a coating appro
priateto their substrateandthe operatiortheywill perform. Theendresultof successfyirecisiomleaningat HTLis successfRVIxodingona
In 1996,the coatingoperationwassourcedo outsidevendorsby ~ widevarietyoftoolsandsubstrées.
SGSandthe resultswere lessthan perfect,with coatedtoolstoo ~ 'MageourtesprHTL.
oftencomingbackdamagedSGSs5 solutionto the coatingproblem
wasto createtheir own coatingcompany HTL, to getthejob done
right. Today HTL offers four typesof PVD coatingsto SGSand o ]
morethan200othercustomersn the U.S. rangingfrom tool manu ~ Precision  Cleaning  Challenges
facturers to tool distributors, and from end users (such as automotiveHTL vice presidenBob Staufferreportsthat the companycoats
aerospacemedicaland mold and die) to tool re-workersandre-  tools 24 hours a dajive days a week. Precision cleaning—"pristine
grinders. These coatings are HJ briginal, general purpose coating, cleaning”accordingto Stauffer—isessentiato the succesf the
Titanium Nitride (TiN), plus three additional coatings:Titanium  processasnoneof the coatingswill adherecorrectlyon lessthan
Carbonitride(TiCN, Aluminum Titanium Nitride (AITiN), HTL's  scrupulouslycleansubstrates.
proprietaryformula and their most popularcoating,and Titanium WhenHTL wasfirst formedin 1996,they purchasednautomat
DiBoride (TiB2), which HTL calls “the toughestcoatingever rec  ed cleaning line featuring one 40 kHz ultrasonic cleaning station with
ommendedor usewith silicon aluminumalloys, titanium alloys,  caustic chemistryone ambient plastic cleaning tank with acid chem
magnesiunalloysandcopperalloys.” istry, one 40 kHz ultrasonicrinse, two additionalrinses(the final
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Carbidéeachingha canoccurduringdeaningf cuttingtoolspriorto PVIxoatingf
chemisty, timeor processtepsaretooaggressive.

Asuccessfullgleanecuttingoolwithnoleaching.

rinsebeingDI water),ablow off stationanda re-circulatinghot air

handcleaning,which Staufferestimatesook oneanda half to two
hourspercoatingload.

With throughputdemandsgrowing, HTL looked to Miraclean
Ultrasonics in Ashville, NY, to help developa new higherproduc
tion andmoreflexible machine. In additionto designingandbuild-
ing ultraonic parts cleaning, passvating, electropolishing and
anodizing lines, Miraclean is also a division of Chautaugqua
Chemicals Co., Inc., and specializes in identifying and/or developing
cleaningchemistriedor specificapplications.

Cleaning, Rinsing and Drying Solutions

Miradean Technicd Director Brian Sutton spearheadeal the
Miraclean side of the partnershipto developa more productive
machine that would also eliminate the need for hand cleaning of tools
alreadyprocessedn the automatectleaningline. A review of the
toolsto be cleanedin the line revealedthat therewerethreecate
goriesof soils: (1) lightly soiled new tools, (2) heavily soiledre-
worked or re-groundtools and (3) high speedsteeltools. Soils
included oil-basedgrinding solutions, machiningoils, polishing
compoundspxidationandgrinding burns.

The cleaningdetegent usedin the original cleaningline was a
high caustic,chelatedsolutionthat sometimedailed to removethe
soils from the tools and contributedto carbideleaching.Instead,
Miracleanrecommendedndproveda mildly alkaline,non-chelated
chemistrythatminimizesleachingandalsosplits oil. In conjunction
with the cleaningtank design this split oil is thenskimmedfrom the
surfacevia a spagerandtrappedin a separat@verflow weir. Once
in the weir the oil cant redeposit on clean parts on exit and is isolat
edfor disposal.

To furtherimprovethe processMiracleanoutfitted thefirst alka
line cleaningtank with 25 kHz immersibleultrasonictransducers.
This frequencyis characterizedy larger bubbleswhich implode
moreviolently thanthe smaller40 kHz bubblestherebysupplyinga
cleaningactionin thefirst alkalinetankthatis moreaggressivehan
the 40 kHz on the original line. Vertical agitationwasalsoaddedto
the first alkaline cleanto provide additionalmechanicakctionto
breakthe soil bondon heavily soiledor steeltools.

Testingalsoindicatedthat addinga secondalkalinecleaningsta
tion to the new line would give superior cleaning resilte second
alkaline clean station was then equipped with 40 kHz ultrasgkscs.

dry. The system automation was a PLC controlled hoist, but througta complemento the 25 kHz on the first cleaningstation,the less

putwaslimited by thefact thatthe hoist stayedwith a specificload
atall times.“As growth requiredit, we got aroundthe hoistdesign
andincreasedur productionby manuallystoppingthe line in the

aggressivébut smallerbubblesproducedby the 40 kHz ultrasonic
frequencyaccesdinier geometriego provide additionalcleaning
action. Both cleaning tanks are also equipped with electric heat, dual

blow off station and re-starting it with a new load at the cleaning endilter systemsto removeparticulateand spargerdo skim floating

Thenwe’d manuallyblow off thefirst loadandmoveit to thedryer
while the hoistautomaticallystartecthe nextloadthroughthe clear
ing andrinsing, sothatwe could at leastbe working on two loadsat
once,”saysStauffer

Anotherchallengepresentedy the original cleaningline wasthat
not all partscameout of it clean.Many of the re-workedandre-
groundtoolsthatarrivedto be coatedare heavily soiled,andsome,
suchasrotary files, would comeoff the cleaningline with carbide
swarfstill stuckin the gullets of the flutes. This meantadditional

oils. In tandem the two cleaningstationsprovide grosscleaningin
thefirst cleaningstationandfine cleaningin the second.

The acid cleaningstationon the new line changedrom a static,
ambient bath on the original line to a third heated ultrasonic cleaning
stationequippedwith 40 kHz ultrasonicselectricheat,a filter sys
temto removeparticulateanda spager systemto skim surfaceoils
into the separateverflow weir for disposal.The acid cleanertested
and proved by Miraclean is a milder pH acid that is safer to use, more
environmentallyfriendly for disposaland gives superiorresultsin



conjunctionwith heatandultrasonican removingoxidationandgrind-
ing burns. HTLs Stauffer points out that on the original cleaning line the
contentsof the high causticcleaningbathandthe low pH acid cleaning
bathhadto be combinedwhendrainedto meetlocal effluentstandards.
Thelower pH alkalinechemistryandthe milder acid cleaneron the new
line now makethis stepunnecessary
Next, Miracleansuggestedhreechangego therinsetank configura
tion for the new line. First, the numberof rinseson the line was
increasedThe original line featureda heateddoublecountefflow (cas
cade)rinseafterthe causticcleananda singleheatedDl rinseafterthe
acidclean.The newline is equippedwith two additionalrinses,includ-
ing anambientrinseafterthefirst alkalinecleanandaftertheacidclean
andatriple counterflow rinseat the endof theline. Thetriple counter
flow is to take advantagef the principlesof dilution with eachadded
rinseimprovingdilution (andthereforereducingresidue)exponentially
At the sametime, the counter-flowfeaturemeanghatthe samewateris
beingusedthreetimeswith conservatiorandcost-savingdenefits.The
countefflow rinsesare fed by HTL-supplied DI water for spot-free
results.
The secondchangeto the rinse configurationwas from 40 kHz of
ultrasonicdgn thefirst counter-flowrinse on the original line to 72 kHz
of ultrasonicson the first counter-flow rinse of the new line. As
Miracleans Suttonexplains,72 kHz is a still-gentlerultrasonicfrequen
cy that is especially appropriate for this application, providing the advan
tagesof ultrasonicrinsing (driving solutioninto complexgeometries)
while minimizing the potentialfor damagdrom DI water which canbe
aggressiven certainsubstrates.
Thethird changeto therinsetank configurationwasthe additionof a
conductivity analyzer to the final rinse to call for fresh DI water when the
quality in the last rinse dips below HBpecified standards. This assures
thatthelastwaterin contactwith thetoolsis acceptableuality without
havingto flow therinse continuously andis further assurancef spot-
freerinsing. L. . . . i . MultipldoadsandrecipesnovesimultaneoustiiroughheMirageanultrasonic
As onthe Ol’lglnal ||ne, thefinal rinseis followed by an air blow off ceanindinewhichhastripled precisiomleaninghroughpuat HTL.
station,but this wasre-designedn the newline to eliminateproblems
that occurredon the original line. Stationary side-mountedair knives
havebeenreplacedon the new line with an overheadmovingair knife 70 modular radks, same plastt, same stdnlessstesl and more than
controlledby the PLC. HTL's Stauffer—whowasinstrumentalin the 1,000 custamized insets invaiious stbstates tohold the tools.
design—noteghat the newly designedblow off effectively removes  To operatethe cleaningline, the operatorsimply placesa load
waterwithout blowing the partsout of their fixturesassometimeshap  on the load station,selectshe programfor the batchandpresses
penedwith the side-mountedir kniveson the old system Miracleans  starton the color touchscreenThe hoist thentrackseachload,
Suttonaddsthatthe blow off is animportantstepto furtherdecreas¢he moving loadsaccordingto their respectiveprogramparameters
chance of water spotting on the clean parts, which could result in coating@ugheachappropriatgrocesstep.As manyloadsasthereare
rejects.The feedfor the air blow off is food quality filtered air. Theair  processstationscanbe processect onetime. Manualoperation,
blow off stationis followed by a re-circulatinghot air dryer equipped if preferred, can be accomplished via a joystick. The PLC can also
with a HERA filter to remove particulate. The dryer also has a connectibe remotelyaccessedy Miracleanengineersand programmers
for a nitrogenline to augmenthe drying, but the dryer hasfunctioned via modem for progranming changesor troubleshooting if
efficiently without nitrogento date,andHTL hasneverhookedit up. required,andrecipemodificationscanbe madeon siteby HTL or
Miraclean system’s standard auomation package allows for three pro-  remotelyby Miraclean.
grams o recpes torun simutaneously, afeatuwe whch HTL uses regular
ly for the wide rarge d tools artl soi levels thet it has toclean To protect Feed and Speed
the cutting edgesof the tools from being cleared loads are processedas “Feedandspeed”is what coatedcutting tools provideto their
batchesof tools fixturedin custamizedracks designedby HTL, whichthen  end usersaccordingto Stauffer In the cutting tool world, an
fit into carriers sypplied by Miraclean This arangemert givesHTL great appropriatelycoatedtool canallow increasedeedof productand
flexibility to respond to new types d tods, as rew, patt-specific racks can  speedof cutting up to 50 percentandcanincreaseool life up to
easily beintegated with the carrier systam. At thistime, HTL uses60to  10times.
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“Feed and speed” is what the new Miraclean cleaning line has préor example, ships parts to HThere they're cleaned, coated, final-
vided to the coating team at HBIs well. Since the installation of the packaged and shipped directly to distributors—in the ultimate nod to
Miraclean line, manual scrubbing labor has been eliminated at a sadTL's quality control.“Any time you cancleanmore partsandstill
ings of four hoursperday X 280 daysperyear= 1,120hoursper  maintainor exceedstandardsyou’re definitely movingin theright
year Throughputrom the cleaningline hasincreasedrom 3,000to direction,” says Stauffewvho was instrumental in starting Hblack
4,000partsin 24 hourswith the old line to 8,000to 12,000partsin in 1996 and is totally committed to qualitye adds that there has not
18 hourswith the newline. Regular rigoroustool inspectionscon beenone tool failure or reject attributedto cleaningsince the
ducted by HTLshow that tools are at least as clean as before, but noMliracleansystemwasinstalled.pcm
without handcleaning.

As a bonus, the tweakng of recipes on the new cleanirg line Cheryl Larkin is East Coastterritory manager for Miraclean
(chemistrytime and processsteps) has reallted in reduced cabide  Ultrasonics(Ashville NY).Sheholdsan A.B.fromWheatonCollege
leadhing on affectedtools, an important quality consideation, as  in Norton, MA, andis basedin New Jerse. Her work in precision
leading undermiressufacequdity, whichin turncanleadto de-lan- cleaningincludesextensie experiencein medicaldevice cleaning
ination (flaking, failure) of a coding thatis subseaertly apgied. passvating and automatedpenetraninspection Shecanbereaded

HTL's customers trust the results. Qllestern U.S. manufacturer at (716)763-4343.
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Miraclean® designs, builds & programs:

ultrasenic cleaning,
passivation (nitric or citric),
« glectropolish, and
« automated liguid penetrant

inspeaction systems
+ and develaps aqueous cleaners,
corrosions inhibitors, and custom racks
and fixtures for a wide range of cleaning
and passivating applications.

Mm Ashville, NY 14710
Tel. 716.763.4343

www.miraclean.com




