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W e present the measurement of the p ositron lif etime spectra in the sub-
surf ace zones in copp er samples with surf aces damaged in dry and lubric atio n
condition s. W e observe that close to the damaged surf ace the single vacan-
cies w ere present, but deep er in the sample treated in the dry conditio n the
vacancy clusters w ere detected. A zone with dislo catio ns w as located deep er
than the zone with the vacancies and their clusters.
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1. I n t rod uct io n

Posi t ron anni hi lati on (PA) as a metho d for studi es of open vo lum e defects
pro vi des uni que inf orm ati on about defects whi ch can app ear upon pl astic defor-
m ati on. Thi s is due to the fact tha t duri ng thi s pro cess vari ous t yp es of defects
l ike dislocati ons and vacancies are created in high concentra ti on. Addi ti onal ly,
positro ns represent a selecti ve, nondestructi ve pro be for such defects. In the l iter-
ature m any exp erim ental results concerni ng plasti c deform ati on were reported [1].
Ho wever, there are several theoreti cal papers in whi ch autho rs calcul ated positro n
anni hi lati on characteri sti cs for positro ns local ised in certa in typ es of defects [2].
For several years the PA m etho d has been conveni entl y used also for the study of
the subsurf ace zone created duri ng fri cti on and wear pro cesses [3, 4]. Thi s zone is
located close to the dam aged surface and, as i t was shown, i ts thi ckness ranged
from 5 0 ñ m up to 400 ñ m, depending on condi ti ons, and exceeds the average
positro n im planta ti on depth. Thi s al lows us to use conventio nal techni ques where
positro ns are emi tted from a radi oacti ve source.

In our f orm er studi es we have detected the subsurf ace zone created upon
dry sliding of two m etals. On the other hand, in practi cal appl icati ons lubri cati on
is used for a reducti on of fri cti on and wear. The presence of a lubri cant between
the surfaces of the tri bo-elements causes tha t the shearing ta kes pl ace inside the
lubri cant and i ts hydro dyna m ic properti es m ainly determ ine the drags of the m o-
ti on. W hen the externa l load is not compensated compl etely by the hydro dyna m ic
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pressure inside the lubri cant layer, the surfaces are covered by lubri cant thi n Ùlms
of molecular thi ckness and a considerable intera cti on of surf ace roughnesses m ust
occur. Thi s situa ti on leads to increased fri cti on and wear.

In thi s paper we intend to show tha t PA metho d is sensiti ve enough to di ˜er-
enti ate between the subsurf ace zone created under dry and lubri cati on condi ti ons.

2. T he sam pl e p r epar at io n an d m eas ur em ent pr oced u re

In our studi es we have used the techni cal puri ty copp er sam ples in the f orm
of plates wi th dim ensions 2 cm È 1.5 cm and thi ckness 2 m m. Pri or to the exper-
im ent, all sampl es were annealed at 950£ C for 24 h in vacuum (1 0 À 5 m bar) and
slowl y cooled to room tem perature duri ng two weeks. Thi s pro cedure allowed re-
m ovi ng alm ost al l defects f rom the raw m ateri al . The measurement of the positro n
l i feti m e in the annealed sampl es has shown the value of § = (1 1 7 Ï 1 ) ps, whi ch
indi cated tha t positro ns were anni hi lati ng in the defect- free sam ple. Af ter thi s, the
sam ples were m ounted into the pi n-on-di sc tester and thei r surface was dam aged
by the moti on of a smal l steel (100 Cr 6/ m artensi te, hardened) ball havi ng 4 m m
in diameter. The bal l was pressed by a load perpendicul arly to the surface of the
sam ples. The load was equal to 150 G. Ei ght tra ces, 1 m m in di stance, were made
on the surface of each sam ple in order to enlarge the trea ted area. In al l cases the
speed of the bal l was kept consta nt (7 cm/ s). Each tra ce was done wi thi n 30 m in.
In our studi es we dam aged the copper surface under the dry condi ti on in ai r and
the next sam ples were trea ted in the presence of a lubri cant. As a lubri cant we
have the good quali ty gear oi l Hi pol 15F GL- 5 SAE 85W / 90. The sampl es and
the bal l were im mersed in the oi l duri ng tri botests. Af ter the tri botest and be-
fore positro n l i feti m e m easurements the sampl es were cleaned wi th m ethanol and
deterg ents.

W e scanned the subsurf ace zone of the sam ples up to the depth 350 ñ m by
sequenti al m easurements of the positro n li feti m e spectrum after stepwi se etchi ng
in ni tri c acid of ca : 2 0 ñ m thi ck layers f rom the surface of the sam ples. Thi s had to
be done because the positro ns emi tted from the radioacti ve source are im planted
up to the depth of about 28 ñ m in copper. Thi s techni que wa s also appl ied in our
form er studi es [3].

The l i feti me spectra were m easured usi ng a conv entio nal fast-f ast l i feti m e
spectrom eter wi th NE1 11 plasti c scinti l lato rs wi th a ti me resoluti on (FW HM) of
300 ps for the 2 2 Na energy wi ndow. D ata were analysed using the computer pro-
gram cal led LT [5]. In the analysis of the positro n l i feti me spectra the background
and the source correcti ons were ta ken into account.

3 . Th e d iscu ssio n of t he exp er im ent al r esu l t s

For the sampl e wi th the surface slid wi tho ut any lubri cant the spectrum
conta ined two l i feti m e components when the depth was smal ler tha n 108 ñ m.
But deeper in the sam ple only one l if eti me component was su£ cient to get the
chi square close to uni ty . In the case of the sampl e wi th the surface slid wi th
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Fig. 1. T he dep endenci es of the Ùrst (§1 ) and second (§ 2 ) lif etime comp onent and

the intensity I 2 of the second lif etime comp onent on the depth (thickness of the etched
layer). T he measurements w ere performed for the w ell annealed copp er samples w ith the

surf aces damaged in the trib otest under dry condition s and with lubrica tion conditi ons.

T he pin w as loaded w ith the load 150 G for both samples. T he dashed line presents the

value of the bulk p ositron lif etime obtained for the w ell annealed sample.

the lubri cant, two l i feti me com ponents were present at the depths smal ler tha n
162 ñ m.

The results of the deconvoluti on procedure were summ ari sed in Fi g. 1. The
second l if eti me component at the depths smaller tha n 33 ñ m for both sampl es
is close to 174 ps, whi ch can be associ ated wi th positro n annihi lati on at a sing le
vacancy [6]. Such vacanci es were induced by the m oti on of di slocati ons wi th jogs.
The drug ging of jogs on the di slocati on wi th dominating screw character pro duces
stri ngs of vacanci es(or intersti ti al a tom s) [7] whi ch m ay di sinteg rate into stri ng- l ike
cl usters. Form atio n of such clusters occurri ng onl y for the sam ple wi th the surface
wa s dam aged in the dry condi ti on.

At the depth above 69 ñ m the second l i feti me com ponent increases vi sibl y
up to 202 ps, whi ch suggests tha t the vacancy clusters consist of tw o or three. W e
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observed a sim i lar e˜ect in our previ ous studi es [8] when graphi te rod dam aged the
surf ace of the copper sampl e. It is interesti ng tha t thi s e˜ect was not observed for
the sampl ewi th the surf ace dam aged upon the lubri cati on condi ti on. The intensi ty
of the second l i feti me com ponent for thi s sam ple was hi gher tha n for the sampl e
slid in the dry condi ti on. The expl anati on could be tha t in the second case sing le
vacancies start to aggregate and thi s is the reason of an increase in the second
l i feti m e component. The aggregati on could be caused, e.g., by an increase in the
tem perature whi ch could be higher duri ng dry sliding com pared to sliding wi th
the lubri cant.

The Ùrst l i feti m e component at depths below 85 ñ m is smal ler tha n the
bul k value, whi ch is well understo od wi thi n the standard tra ppi ng model. If we
assume tha t the tra ppi ng e£ ciency of positro ns at a sing le vacancy is equal to
5 È 1 0 1 4 1/ s [6], then from §1 or I 2 we can evaluate the vacancy concentra ti on
ca: 9 È 1 0 À 6 in thi s region of the sam ple. It is interesti ng tha t above 180 ñ m the Ùrst
l i feti m e com ponent does not drop to the bul k value (117Ï 1 ps) f or both sam ples.
The l i feti m e in thi s region was slightl y above 130 ps, whi ch can be associ ated wi th
positro n local isati on at the dislocati on lines. Thus in thi s region the pro ducti on
of vacancies and thei r clusters wa s stopped. Pro bably the density of dislocati ons
cl ose to the surf ace is m uch hi gher tha n deeper in the sam ple. The concentra ti on of
di slocati on l ines inÛuenced the creati on of jogs at thei r l ines.Jo gs appear when two
di slocati on l ines cross each other [7]. In the region above 180 ñ m the dislocati on
concentra ti on was to o smal l for the creati on of jogs and consequentl y vacanci es.

In conclusi on, we can point out tha t positro n l i feti me measurement disti n-
gui shes the signiÙcant di ˜erences in the defect structure of the subsurf ace zones
created under the dry or lubri cati on condi ti on. In the sampl e wi th the surface
dam aged under the lubri cati on condi ti on we have observed a less e£ ci ent pro cess
of vacancy aggregati on. The depth range of the region where vacanci es or thei r
cl usters exi st is smaller for the sampl e wi th the surf ace dam aged under the dry
condi ti on tha n for the sam ple trea ted wi th the lubri cant. Beneath the zone wi th
vacancies we have detected a zone where m ainly the di slocati ons are present.

The autho rs are gratef ul to the Com mittee for Scienti Ùc R esearch whi ch
supp orted thi s work under grant No . 620/ E-77/ SPUB/ COST/ P-03/ D Z 197/ 2000.
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