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Abstract Accord h€ © our Previpus ea met] chPs are one of hemapr waste strean canponents of machinng Put surprising

finding framn recent research at Purdue Unijversity shows meta] chip are valuah e nanocrysta]line matrials This Paper reviews recent

d scovery wh ch rePresents amuch cheaperway to produce nanocryst]]ine materials hy mach nmg w ity similar propertes to Hose pra.

duced using traditonal approaches The characteristics of the defom ation zones inmachining are analyzed A amparism heweenma

chining approach and traditional severe p astic defomaton approach in Producing nanostructure nanostructured materialswasmade
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It is we]] estplished that severe Plastic depma
tion can have essenta] effects on fem jcrostruc ture and
materija] properties For exzmpLe microstructure re
{nementand the fomng of 061175 sup. grains and frag
ments ke Place Jurmg torsion stanng under h Bh
pressure and equa] channe| angular extrusion and it can
lead t0 ramatkahle mprovenent jn mechanjca] proper
ties Severe pPlastic defomation technijues have heen
successfully used for fiprication of nanostructures n va
rpus pulk me]lic matery]s

In recent yeax§ an nportant discovery have heen
made by he researchers atPurdue Un versiy thatmeta]
chiPs produced n the machining of a materja] entire y
or Primariy made up of nanocrystals and ey could he
more vaJuahle weight forweight han te materja] fram
Which the Part is beingmachined' " ? | A Potentia] a}
tematve processes have heen suggested to create nanQ
crysa|lhematerials by machinmng!  Durpg thema
chimnmng proces’s up 015 Percent of workPiece m aterja]
by weight is 105"[ resuting n tons of mew] chiPs Tra
ditional]}’ these chPs can often he melted dowr} re
fomed and reused However during the recycling of
the mewa] chiPs a ot of the meta] s [ost as a resujt of
oxidatiog the costs of |apor and enerZy as wel] as he
expenditure on envjonmen ] protection mpose heavy
financia] purdens on machning operatpns Novvaday;s
the machmed chiPswould he no [onger taken asmach i
ning wastes hut vajuah kp nanocrys@|line partcles for
the production high Perfomance nanostuctured pulk
materals'
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1 Defomaton phehavior of mater@]
durng mach n ng

In machnmng operation,s the values of stra'g strajn
rate and tanperature n the varpous shear zones are
much h 8her than n traditonal severe plastic defoma
tion operatons The caleulated strapn mtes up 0 ¢ /dt
= 106 4 pased on themeasurementof the shear hands
n chips' ¥
up e =13 and the tanpPerature  estinated to rise up
100, 9 Of the metng tenperature As a (xmparisogl
the values n spgle stage of severe pPlaste defomatpn
process testare =) & /dE= 10 dr4 Eq( 1) Show
the shear strajn experienced by workP gce materjal
flowmng though the Prinary shear zone n congnuous
chiP fomaton n order to hetter visualge shear stran

g, the resuls of caleulations using £q (1) llustrated

In this area the tor] strajn can pcrease

T —2Csiy,
€= %coéz = (1)

nFigq fordiferent rake angles
thatmachining can cause very Jaige strans n the chip

It can he opserved

Shear strans greater hany () are very cammonpJace
The shear stram dePends on a Jaige extent of he rake
angje Yo. BY choosing approprijate mach n hg parane
ers c<mbination§ a very laiger shear strai (> 10)
can he obained Furthelmorge n practeal mach n ng
operatiop the shear $ usually not plana,r the frictpn
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at e ool chiP mterface wi]] influence the defomatpn
and the stram wil] exceed the cajcujated vajues

Shear sirain
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Chip compression ratio

F8 1 Shearstmin inmac ning

TEM micro8raph of microstucures of the ma
chined cobper chiPs shows tat most grans had an e
quiaxed shape with diameers approxmnately edqua] o
the widths of te elongated cells The sizes of he suh
grans ranged beween 100 and 300 m wih amean
diameter of aboutppp M It can be conclided that he
machined chiP is kind of ujtra fine grained, nanostruc
tured and machning can he taken as a new k ng of se
vere Plastic defomatpn methad t0 Produce ulta fhe
g jned, nanostructured materjals

) Machining vs
form ation

severe Plastic de

For hoth of the approache;s‘ the materals are
supjected 0 the impositpn of very Jarge strajns and re
markahle grajp refinanents are ohtained [t ismore sig
nificant 10 choose them to carry on the camparison Se
vere Plastic defomation helongs © « tOp.dowvre  ap.
pProach m which existng coarse grajned materjals are
pProcessed 10 Produce supstan ia] 8ran refjneamentand a
nanostrucure! > 8 Nanostruc tured materials produced
by severe plastc defomation are100%; dens,e con am
maton free and sufficient]y Jaige pruse n rea] com
mercia] structura] app]ication_s Hozveve’r mach i ng
pPart]ly pelongs t0 fe« hottan. up approach t0 Sme ex
tend In order t0 produce pulk foms fran nanostruc
tured chiPs derived fram e machining the chP was
nitally converted nto partculate using attrition mill
ng and then uspgpowder extrusion 10 bu ild nanocrys
@]line pulk A fundament] understand ing of conolida
tion and densificatpn processes w i]| be further stud ed
before widespread use of nanocrysta]]ine chiPs Mach i
nng are sujtahle Produc ng nanocrystalline chiPs of al
most any a]pys and meta]s Severe pPlastic defomaton
1S nah {itY o induce hige strapns | very stongmatery
aLs such as o] stee Ls hardened stee] and n kel

based supera]joyss

Mach hing process s easjer 10 contio] than severe
p bste defomation Because chiP {formation s amach i
nng operation whose parameters can he precisely con
tlolled itmeans that the desired nanocysta]line chipPs
can he accuraely and repeatahly ohtained for the given
alloys and metals Furthe]mor,e the machning opera
tion can pe adjusted t© poduce chips of varpus grajn
sizes and shaPes Pr use jn a variey of applicatpn Tn
addition  An nportant henefit would be provding he
possihility of reusing€ e enomous quan tities of chiPs
prodJuced n manufacturing operatons i hig€h value
prducts  here jsn’  tany negative inpacton the ar
ticle bemng machmne] Nanocysa|line chPs can he
produced as a usefu] pyproduct Hence designing pa
tenta]ly cost efficient and enviromenw]y friendly
prducts with better perfomance § Posshility

3 C onclusion

This Paper revews recent find n€s which repre
sents a Process 10 {fom ng nanocysta]jnematergls m a
wde variey of meta]s and alloys by machimng The
characteristics of the defomation znes i mach nng
are analyzeq A camparison heween machining ap.
pProach and traditpna] severe Plastic defomaton ap
proach in producing nanostiuc ture nanostruc ured mate
rals was made While correlation hetwveen the mach i
ning condit’pn§ the inportant varjahles of the tamPera
ture and defomation fielgl m crostuucture characteris
tics and mechanica] propertes of themeta] chPswould
be further studied
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