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Blistering and naking of amorphous alloys bombarded wit h
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Abstract Thc blisterinz and丑aking behavior of many kinds 0f锄ooph011s a1一
Ioy8 uIlder helium ion bombardment at room temperature was invcstigated． HeliuIn

ions with enef只ies of 40 keV aIld 60 keV were implanted withiⅡthe丑uence range

(1．0～4 0)×1018 ions／cm2． The surface topo印印hy of samples aner irradiatinn w斛

observed bv usin匮a 8canning electroⅡ血croscope The diameter of blister and th(、

thickness of exfbIiated blister lids were mcasurcd The results showed that nlanv

kinds of surface topography characteristics 8ppeared for diH毫rem丑ueⅡces，ene。gies
and amorphous alloys，8uch as丑aki“91 b11stering，cxfoliation，blister rupture，second_

geⅡeration blistering and porou8 8tructure．The d8pendence of surface daIrmge modes

and the critic“auence fof the onEet of blisterin互and nakin叠on the sort of materials

and ioIl eⅡergy was discllssed．
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1 INTRoDUCTIoN

The blistering and the exfbⅡation are serious surface erosion phenoⅡIena． They

are regarded as mam sources of the erosion of the mst waⅡin a future fhsion reactor

The erosion caused by the blistering and ex±bliation is much laTger than that due to the

sputteri工lE．The blister rupture can contaⅡdnate the pl鼬ma．
The bUsteriIlg phenomenon wollld occllr almost血various materials，including

metal，alloy，se枷conductor，cera血cs and 91ass． The blistering phenomenon can be

induced by the bombardnlent of not omy inert gases，such as He，Ne，Ar，etc．，but also

active gases，sudh as H，D，etc．Therefore，investigation fbr the blistering phenonlenon

has important bearing on the fusion reactor technology and the related wide r孤ge of dis—

cipliIles．The suIface behavior of materials b锄出甜ded with hjgh nuenc郫of 10w eneogy

ions has become a sub iect of particular iIlterestlI|．A great nu血ber of iIlvestigations has

been perfomed on bbstering of crystalline metals and auoys by ligh“on bombardment
But the investigation on bⅡstering of amorphous metals aIld aIloys starts just lat由The
blister and g船bubble formation inⅡlet a】血c 91asses was矗rst reported by Nanded】【ar and

supported by the NatioI【aI NaturaI science Foundation(19775058 aⅡd 10075064)，NaturaI scknce

Foundation of Gangu Provincc(zR96-025)and the F0uⅡdation of the chiIlcsc Acadcmy of sciencPs
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Tya舀【2J．up to now，the invest培ation。f啪orphous materials has not yet as perfect and
syst哪atic as that of cryst批e materials in Inany respects．
Amorphous a2Ⅱoys，known鼬metdlllc对asses，eihibit iInproved mechanjcal and

chenlical propertiesR4J a丑d are唧ected to have better radiation resistance Before
they were chosen as caⅡdidate mate“a1 for applicatjon in msion rea“ors，their bHsterin腰
behaⅣior rHust be understood．hI the present work，the su—-ace dmaP冀under helim jon
bonlbardIIlent for many kinds of啦orphous dⅡoys iIIcluding binary，tribasic and p01ybasic
aⅡoy has been inVestigated．AmDrphous aJloys havillg蛳rent component and content
are conducive to studying the depeⅡdence of surface topog，aphy on mat盯ial properties

Par怕c111arly，many authors consider that metal-metal glasses may have bett盯prospects
for react。r apphcations becanse they gen盯aⅡy have a relatively址gher cry暑t“bzation
teIrlperatllre and lawer therma工neutron capture cross—sectjon．The glasses of the Ni—Nb

and Cu—Zr system studied in the present work are i唧ortaⅡt iIl reactor techology

2 EXPERIMENTAL

Met allic glasses，having the nominal compositions Fel8．5Nh5826，Fe37 5Ni37 5825，
Fe61 5 Ni20 5818，Fe77Nj5818，Nj饱B14sj8，Fe7扭16sj5cr2，(C094Fe4Cf2hsj8814，M60Nb40，
Cu352065 and Cu43Ti57 were used h tlLls study．The original metamc舀asses were in the

fom of a ribbon of about 40pm tlIicl【，Samples of 2mm×2mm size were cut丘om these
ribbons The s锄ples were then poHshed using di娲rent grades 0f carborllndum papers
and矗naⅡy with alun正na paste The samples were washed讧ltrasonicaⅡy with acetone and

then with mst讧kd water．The saⅡlples were mounted on a water-cooled sample holdeT

which was mo、阻ble．Durjng the irradiation the tarzets were kept at about 300 K

The speciⅡlens were irradiated in hjgh vacu哪by hehum ions with energies of
40keV and 60keV aIld to v撕ous aueIlces raIlging from 1．0×1018 to 4 0×1018ions／cm2
The stabmty of heh眦ion energy was better th柚0．1％．The ion be姐l created a circular
spot of 3Ⅱlm血dj蛐eter and was sweeping so that the honlogeⅡeity was better than 95％
The average current densities fbr 40 kev and 60 kev唧e 4．2pA／cm2 alld 3．2肛A／cmz，
respectively．After the iⅡadiation，the sa埘ples were ex卸[1ined fbr surface topogr叩hy by
a JEM一1200Ex type sca皿主nE electronⅡlicroscope(SEM)．

3 RESUI用S AND DISCUSSIoNS

SEI垭observation results foT ten sorts of anlorDhous a：Ⅱovs studied in nle work aTe

Usted in Table 1．Because deternlinatioⅡof critical丑uence for onset of blisterinEⅢld

丑akiILg needs血一s“u observation，the critical丑uence given jn Table 1 a托only a ra肌ge

in whjclI the critical丑uence was situated． It ca：n be seen from T4ble 1 that with the

increase in nuence，various s11rface damage，suclI as nakmg，bhsterin91 e】(fcdiati。n，blist盯

ruptllre，second-generation blistering etc．j appeared in succession under the jrradiation of

40keV and 60kev for each am唧h∞s alloy studied．But there was markedly di艉rence
in starting marnent and developInent deP了ee of every phenomenon for djHbrent materials
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No．2 HOU Ming—Dong ez nf．：BlisteriⅡg and丑akiⅡg 0f amorphous alloys bomharded

Thble 1 S1lrface d锄aEe mode of amorphous alloys irradiated with different nuences of Hc
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on the surface a矗er丑aking，F[F(B)，E(B)】-the third generation blister8 formed aner exf01iatioll

and／or the secoⅡd丑aking．×一no si卫nmcaⅡt surface damage，Blank咀o salllple

3．1 Blistering

As an example，the slIr=阻ce d撇age of amorphous alloy Fe77816Si5C02 irfadiated
wj亡h 40keV and 60keV heljum jons at room temperature js西ven as fouows As shown

in F酶1(a1 aIld(b)，when the total丑uence was 1．0×1018 ions／cm2，the erosion mode

0n origin“sllrface was blisteriIl置for 40keV and 60keV bombardIneIlt．These were缶st—

generation blist叮s，which were geⅡeraUy d毗ne—shaped The blister size was observed to

increase with projectik ener窟y for the same total fluence and aux．The average diameters

were O 74mmfor 40keVirradiationandl．03删nfbr 60keVirradiation，respectively The

corresponding bHster densities were approxhately 4．2×106 and 3．8×10％hsters／cm2．
Wh锄the total丑ueIlce was 1．5×1018ions／cm2，more dense dome-shaped bljsters

were observed on the ori置inal surface for 60 keV irradiation．But for 40 keV irradiation，

blisters on tlle second layer surface(naked regions)were also obser、他d These second—

gen盯砒ion blisters were generally not weU dome-shaped．Typical surface for 40 keV and

60kevirradiationto atotal丑uence 2．o×1018ions／cm2is giveninF蟾．1(c)andl(d)Bus—

tering on the ori西nal and the second layer w廿e seen together over the same sample for

60 keV irradjation．E】dbliation孤d bnster rupture began to appear fbr 40 keV irradia—

tion．When the total且uence w舔2．5×1018 ions／cm2，bHster ruptⅢe and exf扎ation were

obs盯ved for 60 keV irradiation．Sorne thjrd—geⅡeration bhst盯g were formed an the third

laⅣer s11rface fre西ons 1eft by exfoliation and ruptured blisters)for 40 keV irradiation

As the total丑uence jncreased to 3．o×1018ions／cm2，the thjrd-generation bljsters

were generauy seen tllroughout the third layer for 40 keV irradiati。n(F唔l(e))．The thjrd

layer sllrface bec锄e larger without third．generation blisters on it for 60 keV iⅡadi“ion
：

(Fi91(f))
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Fig．4(a)and 4(b)show that an exfbliated region caused blisters on its border t。

ruptllre But the皿10st cornInon nlode was that bhsters themselves often nlptured at the

t。p rather than at the bottom．Fig．4(c)and 4(d)iuustrates that the blister hd could

be rupttlred to form several irregldaT pieces r aIId cracks were obserVed on these pieces

Fig．4(e)is a typical sEM Inicrograph 0f a ruptured buster．The base 0f the mptured
blister was丑at，but not smooth．On the base，particularly near the edge of the base，rough

and ceUlllaT t叩ography was cleady seen Sonle pin—holes were also observed throughout
the base Fig．4(f)shows that the rough structure on the iIlner side of a blister bd was

silnilar to that on the blister base．n is noted that ruptured blisters could be Very large

in size．Fbr example，the largest di锄eter observed on Cu35Z。65 was about 20 pm at the
tot“丑uence of 2．5×lO博ions／cm2 for 40keV aIld 60 keV irradiatiom

3．4 Blister mechanism

Helim，an inert卫as，can be considered as essentiaUy insoluble in aⅡrⅡ：tals The
He ions血pin暖ing on the sohd sllrfhce are slowed down in the material and then come to
rest witlLin the ran譬e distribution．The helillm atoms are trapped jn radiation-induced

vacancies and precipitate into small gas bubbles with iⅡcreasin眨nuence of irradiation

The presence of gas iII bubbles aⅡd blisters has been con矗皿ed by many experimentsp’引
It is generaUy a瘁-eed in aⅡmodels that bⅡster fbmation is preceded by the nucleation of
aⅡlicrocradk near the implantation depth Blistering is iIIitiaUy attributed to a sudden

coakscence of bubbIes．The matter of debate is，however，the mech莉sm fbr subsequent
bulging of the overlayiⅡg iⅡlplaIlted la”r，wllich results h bhster血g．The gas—pressllre
modell7 holds th8t the gas pressure wit址n the IIlicrocrack is responsible fbr the plastic

defbrmation of the overlayinZ implanted layer． The thjckness of the blister covers is

appro)[imately the same as the mean range of the inlpl卸ted iIIert g船．The stress—model

mailltains【8纠，on the other hand，that the large coⅡ1pressive lateral stress induced in

the iInplanted layer leads to elastic instabihty and bucl【Hng of the overlaying implarLted

layer． The maior driviIIg force fbr bUsteT fomation is stress release aIId not the gas
pressllre Therefore，blister covers血ally will break o行at a depth where the stress has
its ma】【iⅡnlnl，but not the concentration of impla“ted ions．The thickⅡess of the blister

covers caII be nmdI l缸ger than the calclllated mean raⅡge of the implanted ions in

amorphous materials．In the present、釉rk，the thjckness of the bUster covers has beeIl

measured by using a SEM矗竹amorphous Fe37．5Ni37 5825，Fel8 5Ni55 5826，Fe77816Si5C。2，

Cu352065．The results show that the bHster cover thicl【ness mer the correction for hne(Ⅵ

swelling is in a鲜eement with the projected raIlge of He ions within the experimentaJ
tolerance．It iInplies that the present result supports the Eas—pressure model

4 CoNCLUSIoN

●

The surface erosion phenomena depend iIItensely on the p雒ameters of not only pr0- J

jectik ion(sort，eⅡergy'fluence，nux)，but also t甜get material(composition，mechallicd

pToperties，s11rface rollghness，t翱1peratllre)．nom this work，fouow血g conclusions caJl
●

一一   
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be cIrawn

(1)The critical nuence for Inet4Ⅱletd amorphous aⅡoys Ni60Nb40 aIld cu3szrG5
(about(1．o～1．5)x1018ions／cIn2)is higher than that ofⅡIetal—rnetaⅡoid a．Ⅱ10rphous alloys
studied in thjs work(about(O．5～1．0)×1018 ions／cm21．

(2)with increase in the total丑uence，the modes of surface d锄age as blistering，
aaking，exfoliation are repeated姐d a trend of periodicd surface erosion may exlst．In
thjs work，three generation blistering aIld two generation flak血g have been observed for

the fluence raII{乒ng丘om 1．0×1018 to 4．0×1018ions／cm2．

(3)With increase m the ion energy，the degree of the sllrface daIrlage decreases III
a other words，the critical丑uence iIlcre孙es with increase of the ion energy．Therefore，

the smface damage for 40 keV always is more serious than that f研60 keV for the same

丑uence

(4)The measllred tl讧c】【ness ofblister lid is

of heli眦ions within the experimental accuracy
the bHstering mech剐[1ism．
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