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」血伽虎 Su脆∝ho1lowsap匹arll鳩且鮎rmicro10meShavi喝We托Ob紀rV血  

OnPO］y－andsin＄1ecrystalspcclmerlSLJnderanoplicalmicrosco匹】naCOldroom  

】aboratory．CharacteristicsheI）・Shapcdhollowsappearedwiththeirm可OraXis  

PerPendicularto theshavingdircction．Fewer hollows ap匹ared alsp∝imen  

Surfhccswhentheb鮎alplan¢OftheicecrystalwasparallelorperPendicularto  

thes匹］menSurfhcc．TllereSuJtsobscrvcdcouldbeeasiJyinterpretcdircleavace  

CraCksfbrrnparalle］orpeTPendiculartothebasalplancncarthebladecdgcduring  
themicrotomeshavinさprOO臥  

1．Imt一山udbn  

Microtomlngiso鮎napplicdforsurfhcepreparationoficespeCImenS．However，  

tinycracksaregeneratedhmthebladeedgeduring（hemicrotomlngp代喝71Sultingin  
fbrrnation ortinyhoIIowsonthesurfhce．ItisiTTIPOrtanttO understand thefbrmation  
mcchanismofthesesurfhcehollowsfbrbetterpreparationorsamplesu触，Whichmay  

becontrolledbybothりthesettingconditionsofthemicrotomebladeand2）theice  
CryStalorienlalion．Thiscrack／ho1lowfbmlatjonmaya］sotakepla∝duringthecutting  
PrOCeSSOfdeepICeCOreS什ompolaricesheets．Thec－aXisorientationdistributionofice  
CryStalsvarieswithdepthinpoIarice血eets，WhichmightTeSultinvariationorthecutting  
St陀Ilg【bircけSlalorient如jonisadominant蝕沈Or．  

ExperlmentSWereCOnductedGrstonpolycrystalIineicesamplestoGndoutwhether  

thereisanydi恥托nCein ap匹aranCeOrThemicrotomedsuぬcedependingoncrystal  
Orientation．Then，Single crystalice sam画es were takcn fbr detailed examination of  
anisotropicEtaluresbyuslngalathe．AllexpenmentSWereCOnductedinacoldroom  
laboratoTツat－2げC．  

乙 叫dme血I山me他山  

Polycrystallineice印∝1menS，WhichhasrelativelylargegalnSizeandisbubble・舟恍  

WereCut丘omcomm闇℃ialicetoasiヱCOr3×4×2（WxLXTl）cm．Theicesample丘ozx！n  

OntOagJassplatewasthenmountedonamicrotomest？geandshaved（Microtome：Leica  
SM2400）．TheanglebetwecntheupperCuttingplaneofthebladeandtheicesurfhawas  
SettO300．Theanglebctweenthetwocuttingplanesofthemicrotomebladewas150（Fig．  
］）．Theincremen10frrticrotomestase height was sc（tO5JLm fbreach shavingrun・  
SlidingoftheicesamplefbTmicrotomingwasdonemanuallywithaspeedofabout25  
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cm／s，Whichisa（mostequivalenttothespeedorIhecu（tersordcepdri11s（JohT）Senetal・，  
1994；Tanaka et a［．，1994）．Themicrotomd surfhce was then examined and photo－  
recordedunderanopticaJmicroscope・ThemjcrotomebIadewasexchanBedwithanew  
btadeaRer■usedfbr50timesofshavingrun．   
Single cけStalbulk samples apprりXimately10cmin diameter andleng血w耶  

producedbyusingalaboratory・manufhcturedappara（us（Hyakutakeela［・，20α））・A3×  
3×5（WxHXL）cmrectangutar－ShapedpiecewascutfromtheicesampIeaJldlathedto  
acylindricalshape1・8crniTldiametcr・Boththec－aXisandthea－aXisorthesperlmen  
wereperpendiculartotherotationaIaxisorthecylindricalsp∝lmen・Crysla）orientations  

weremeasuredbyusingtheevaporationp）tmethodfbrbothc－aXisarIda－aXisdirection  
determinations（Higuchi，1958；Matsuda，J979）・  

ThemicrotomebladewasseltOanangleof37．50betweentheupperCutllngPlaneof  
thebladeandthetangentialplaneofthespeCimen（Fig・Z）・Thesp∝imenwasro（ateda（  

approximately320rpmduringshaving・Themicrotomedsurfhcewasthenexaminedand  
Photo－r∝Ordedunderanopticalmicroscope・Pho（0－reCOrdingwascompletedbe（Ween7  

and9minaRershaving．Theho1lowpositionatthesurfhceofcylindTicaJspeC）menWaS  

cxpressedastheanglee丘omthec－aXisd血clionasshowninFig・1・Photo－Z∝OTdjngwas  

dorleeVery10O，什ome＝Onto3600．Therecordedareawas357×500（WxL）JLm・One  
photoimagewastakenfbreache、fbrimage－ana］ystsusingdigitaJimageanaJysisso托wa陀  

（NIHimagel．61）・  

3．Ex匹rim¢mt山一e餌1ts  

AphotographicimageofamicrotomedsurfhceorpolycrystaIlinespeclmenSisshown  
inFig．2．She11－Shaped，Sur触：eho）lowswithasizerangingfbmaftwmicrome（erSIoone  

hundredmicrometerswereobserved underanoptLCat microscope・Theextendeddirec－  

tions（mqjoraxisdirectjorlS）oftheho11owsappearalmosIpeTper）dicu］artotheshaving  

direction．Numberdensityanddimensionsofthesurfhcehollowscanbequitedi能rent  

什omonegraintoano（herasshowninFig・2（crystaJindica（edbydot（edline）・Thisresult   
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Sug9eStSaStrOngiduenccofcrystal0ricntationonsizeandnumberdensityofthcsurfke  

hollows．   

The sizedistribution ofhollows ofsingle crystalsp∝imens was measurd and  
analyzedassuminganellipsoidal血apeforeachhollow．Thelerlgthofthern痴OraXis，A  

WaStakenasthcsizefbrda（atreatment・Mostho1lowshaveam句OraXissmal1erthan30   
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fLm，aSShowninFig・3・＝owever・ithasb∝nCOnfirmedbyanotherexpenmentthalSOme  
verysmauhollows（Stnal1erthanlOfLmSizc）disappearedduetosurfkeevapo血ionofthe  
叩∝lmenduringtheftwminutesofphoto－reCOrding・Therefbre・theap匹aranCe駐印uenCy  
ofho1lowssmal1crthan10〝misprobablyundqestimated・Thcrdationbetweenm叫Or  
axisandminoraxiswasexaminedintermsorewntricityasshowninFig．4・Theresults  
clearlyshowthatmosthollowshaveeccentncltyValuesbetwemO・4andl，withtheirmqoT   
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axisdirwionpeTpendiculartotheshavingdirection．Thistrendismuchclearerforthose  

largcrthan30JLm，aSShownjnFig・4b・   

TnFig・5thenumberdensity，N，OrSurfhcehol］owsofthesinglecrysta）s匹Imenis  

plottedagainsttheanglee・Whene＝0，thcbasalplanelSpara11e］（OthetaTlgerLtialplanc  

atthetipofthemicrotomebIade・ArelationwasobservedbetweenNande，withlower  

ValuesorNaroundevaIuesofO，90，180，270and360。．Conditionsfbreande＋I80D  

arcequlVaIenL Tbe一曲re，NvalucsatQ＝Oand90Ushou】dbecompardwithNvalues  

atβ＝180／3的and2700旧師tively．   

Thetotalareaorho1lowsprqiectedtoaplaneparal1elto the叩∝lmenSurfhce  
（tangentialplane），S，WaSmeaSuredandanalyzedperunitareaorthespeCimensurfhce．  

S，Plottedagainste（Fig．6），alsoshowsJowervaJuesaroundecJosetoO，90，180i270and  

3任）q．   

BothNandSvaJucsshouldbea触bysurfkeevaporationduringthephoto－  
rccoTdingpedod・but（heappearanccofncgativepeaksiswel］p暇eⅣedinboththeOく  
e＜180regionandthe）80＜e＜360rcgion・N（0＜e＜180）isgenerallyIargerthanN  
（180＜e＜360），Whichmightresultftomthesu一触ecvaporation．Becausephoto－reCOrding  

PrOCCededflome＝Otowardincreaslnge，houowsinanareaor】argcrevalucihadmore   
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timeEbrsublimation．S（0＜e＜180）is，however，Sma］1erthanS（180＜e＜360），Which  

suggeststhatthedi的rencesinNand ScouIdbecausedbyotherunkTtOWnEk（OrSin  
addilion to thesublimation e触t．  

A D恕eⅦきSiom  

These f如dings show that a smoother surfhce can be obtained under a shaving  

COnditionofecIosetoOor90Brelativetothec－aXisincaBCOfsiT）glecrystal．Tinycracks  

aregenerated什omthebladeedgedmingthcmicroIomIJlgPrOO拓S．Whenmostcr狐ks  

propagateparalleltothespcclmenSurfhce，the†eShouldbefbwhollowsgeneratedatthe  

SurfhJ3edurinB Shaving．Thiscould bethecase Fbrthe e＝00condition wherecTaCks  
generatedmightbeofcleavagecrackori由nalongthebasalplaneoftheicecrystal．This  

COnditioncouldalsobethecascfore＝90BifapIaneTXWpendiculartothea－aXiscanbe  
activatedtocausecleavage．  
Theexpenmentalresultsobtainedsuggestthatinicedri1Iingnearadepthinpolarice  

Shectsatwhichmostc－2LXeSareParal1eltotheverticaldiTution，危wcrcrackswillpenetrate  
downwardcompared Loicedri11inlOfrandom orientation fabrics．Suchpenetration  
mightcauscd肺ctJl【yindrilJpenetrationifother触torsstayconstant．  
C・aXeSOficecJYStalsbccomeprefercntial1yorientedintheverticaldirectionofthe  
Dye3，Gl恍nJandd∝picecorewithdepth（Herron etG／．，1985）．Thesp∝正kcutting  
energy，theenergy10prOdtJa）m30rCuttiTlgS，lnCTtaSCdwithdepthinsplteOfimprove・  

mentsinthecuttingsystematDye3，Greenland（GundestrupandJohnsen，1985）．This  
increasein thespai丘cenergymight becaused by thechanBeinthecrack fbrmation  
char離ri或ics．  

A亡howl叫gm印tS  

PreliTninarystudiesforthisinvestlgationwereconductedasagraduationthesisbyK．  

MackawaandK．ShibahBLraatKitamih感tuteofTechnoIogy．Thisstudywassupported  

byaGrant－in－aidぬrScientificResearchftoTntheMinistryofEducation，Culture，Sports，  
ScienceandTbchnoIogy，JapaneseGovernmen（・WethankcolleaguesinKitami］nsti（ute  

OfTechnologyfbrhelpfu1discussions．  
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