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Abstract:Accordingtoourpreviousidea, metalchipsareoneofthemajorwastestreamcomponentsofmachining.Butsurprising

findingfromrecentresearchatPurdueUniversityshowsmetalchiparevaluablenanocrystallinematerials.Thispaperreviewsrecent

discoverywhichrepresentsamuchcheaperwaytoproducenanocrystallinematerialsbymachiningwithsimilarpropertiestothosepro-

ducedusingtraditionalapproaches.Thecharacteristicsofthedeformationzonesinmachiningareanalyzed.Acomparisonbetweenma-

chiningapproachandtraditionalsevereplasticdeformationapproachinproducingnanostructurenanostructuredmaterialswasmade.
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Itiswellestablishedthatsevereplasticdeforma-
tioncanhaveessentialeffectsonthemicrostructureand
materialproperties.Forexample, microstructurere-
finementandtheformingofcells, sub-grainsandfrag-
mentstakeplaceduringtorsionstrainingunderhigh
pressureandequalchannelangularextrusionanditcan
leadtoremarkableimprovementinmechanicalproper-
ties.Severeplasticdeformationtechniqueshavebeen
successfullyusedforfabricationofnanostructuresinva-
riousbulkmetallicmaterials.

Inrecentyears, animportantdiscoveryhavebeen
madebytheresearchersatPurdueUniversitythatmetal
chipsproducedinthemachiningofamaterialentirely
orprimarilymadeupofnanocrystalsandtheycouldbe
morevaluableweight-for-weightthanthematerialfrom
whichthepartisbeingmachined

[ 1-2]
.Apotentialal-

ternativeprocesseshavebeensuggestedtocreatenano-
crystallinematerialsbymachining

[ 1]
.Duringthema-

chiningprocess, upto15percentofworkpiecematerial
byweightislost, resultingintonsofmetalchips.Tra-
ditionally, thesechipscanoftenbemelteddown, re-
formedandreused.However, duringtherecyclingof
themetalchipsalotofthemetalislostasaresultof
oxidation, thecostsoflaborandenergyaswellasthe
expenditureonenvironmentalprotectionimposeheavy
financialburdensonmachiningoperations.Nowadays,
themachinedchipswouldbenolongertakenasmachi-
ningwastesbutvaluablenanocrystallineparticlesfor
theproductionhighperformancenanostructuredbulk
materials

[ 1]
.

1　Deformationbehaviorofmaterial
duringmachining

Inmachiningoperations, thevaluesofstrain, strain

rateandtemperatureinthevariousshearzonesare

muchhigherthanintraditionalsevereplasticdeforma-

tionoperations.Thecalculatedstrainratesuptodε/dt

=10
6
s
-1
basedonthemeasurementoftheshearbands

inchips
[ 3]
.Inthisareathetotalstraincanincrease

uptoε=13andthetemperatureisestimatedtoriseup

to0.9 ofthemeltingtemperature.Asacomparison,

thevaluesinsinglestageofsevereplasticdeformation

processtestareε=2, dε/dt=10s
-1 [ 4]
.Eq( 1) show

theshearstrainexperiencedbyworkpiecematerial

flowingthroughtheprimaryshearzoneincontinuous

chipformation.Inordertobettervisualizeshearstrain

ε, theresultsofcalculationsusingEq.( 1) illustrated

ε=
ζ
2
-2ζsinγ0 +1

ζcosγ0

( 1)

inFig.1 fordifferentrakeangles.Itcanbeobserved

thatmachiningcancauseverylargestrainsinthechip.

Shearstrainsgreaterthan4.0 areverycommonplace.

Theshearstraindependsonalargeextentoftherake

angleγ0.Bychoosingappropriatemachiningparame-

terscombinations, averylargershearstrain( >10 )

canbeobtained.Furthermore, inpracticalmachining

operation, theshearisusuallynotplanar, thefriction
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atthetool-chipinterfacewillinfluencethedeformation
andthestrainwillexceedthecalculatedvalues.

Fig.1　Shearstraininmachining

TEM micrographofmicrostructuresofthema-
chinedcopperchipsshowsthatmostgrainshadane-
quiaxedshapewithdiametersapproximatelyequalto
thewidthsoftheelongatedcells.Thesizesofthesub-
grainsrangedbetween100 and300 nm, withamean
diameterofabout200nm.Itcanbeconcludedthatthe
machinedchipiskindofultra-finegrained/nanostruc-
turedandmachiningcanbetakenasanewkingofse-
vereplasticdeformationmethodtoproduceultra-fine
grained/nanostructuredmaterials.

2　Machiningvs.severeplasticde-
formation

　　Forbothoftheapproaches, thematerialsare
subjectedtotheimpositionofverylargestrainsandre-
markablegrainrefinementsareobtained.Itismoresig-
nificanttochoosethemtocarryonthecomparison.Se-
vereplasticdeformationbelongsto“top-down” ap-
proachinwhichexistingcoarse-grainedmaterialsare
processedtoproducesubstantialgrainrefinementanda
nanostructure

[ 5-6]
.Nanostructuredmaterialsproduced

bysevereplasticdeformationare100% dense, contam-

ination-free, andsufficientlylargeforuseinrealcom-
mercialstructuralapplications.However, machining
partlybelongstothe“bottom-up” approachtosomeex-

tend.Inordertoproducebulkformsfromnanostruc-
turedchipsderivedfromthemachining, thechipwas
initiallyconvertedintoparticulateusingattritionmill-
ing, andthenusingpowderextrusiontobuildnanocrys-
tallinebulk.Afundamentalunderstandingofconsolida-
tionanddensificationprocesseswillbefurtherstudied
beforewidespreaduseofnanocrystallinechips.Machi-
ningaresuitableproducingnanocrystallinechipsofal-
mostanyalloysandmetals.Severeplasticdeformation
isinabilitytoinducelargestrainsinverystrongmateri-
als, suchastoolsteels, hardenedsteelandnickel-

basedsuperalloys
[ 5 -6]

.
Machiningprocessiseasiertocontrolthansevere

plasticdeformation.Becausechipformationisamachi-
ningoperationwhoseparameterscanbepreciselycon-
trolled, itmeansthatthedesirednanocrystallinechips

canbeaccuratelyandrepeatablyobtainedforthegiven
alloysandmetals.Furthermore, themachiningopera-
tioncanbeadjustedtoproducechipsofvariousgrain
sizesandshapesforuseinavarietyofapplication.In
addition, Animportantbenefitwouldbeprovidingthe
possibilityofreusingtheenormousquantitiesofchips
producedinmanufacturingoperationsinhighvalue
products.thereisn' tanynegativeimpactonthear-
ticlebeingmachined.Nanocrystallinechipscanbe
producedasausefulbyproduct.Hencedesigningpo-
tentiallycostefficientandenvironmentallyfriendly
productswithbetterperformanceispossibility.

3　Conclusion

Thispaperreviewsrecentfindingswhichrepre-
sentsaprocesstoformingnanocrystallinematerialsina
widevarietyofmetalsandalloysbymachining.The
characteristicsofthedeformationzonesinmachining
areanalyzed.Acomparisonbetweenmachiningap-
proachandtraditionalsevereplasticdeformationap-
proachinproducingnanostructurenanostructuredmate-
rialswasmade.Whilecorrelationbetweenthemachi-
ningconditions, theimportantvariablesofthetempera-
tureanddeformationfield, microstructurecharacteris-
ticsandmechanicalpropertiesofthemetalchipswould
befurtherstudied.
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切削大塑性变形制备纳米材料

邓文君, 万珍平, 赵小林, 李　勇
(华南理工大学机械工程学院, 广东 广州 510641)

摘　要:长期以来, 切屑都被看成是金属切削过程中产生的废物。最新研究表明在一定切削条件下形成的切屑几乎全部

为纳米结构材料。首先分析了切削加工中材料的塑性变形特征, 然后将切削大塑性变形制备纳米结构材料工艺与其他传统

的剧烈塑性变形工艺进行比较, 发现切削法具有工艺简单, 价格低廉, 生产效率高, 对高强度材料同样适用等优点, 同时

还可以减少切屑回收过程对环境造成的污染。

关键词:切屑回收;金属切屑;纳米材料;切削
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直接缩聚法合成淀粉接枝可降解聚酯和聚酯酰胺及其表征

路德待, 王寿峰, 任宗礼, 张小伟, 雷自强
(甘肃省高分子材料重点实验室∥西北师范大学化学化工学院, 甘肃 兰州 730070)

摘　要:以可溶性淀粉 、 乳酸 、 乙醇酸和己内酰胺为原料在氯化亚锡催化下直接缩聚制备得到了淀粉接枝乳酸-乙醇酸共

聚物及淀粉接枝乳酸 -乙醇酸-己内酰胺共聚物。用核磁共振 (NMR) 、 差热 (DSC) 及热重 (TG) 分析分别对产物的结构

和热性能进行了表征 。

关键词:生物可降解;淀粉;接枝;直接缩聚

中图分类号:O631.1;O633.14

326


