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denslty changes in coid worked metals (1-5) and changes of vacancy concentrations
tver the pasl two years, a geries of

and vacancy clustering in guenched metals (W),
stoping experiments has been carried out at Sandia with the purpose of assessing the

uge of pogitron snnihllation as & non-destructive examinatica tool for advanced
1) to aasess the gensitivity of

reactars,. Three gopls of the research have bren:
the *echnique, &) to correlate positron ennihiletion readings with cbrerved nicro-
structural changes so as to better understand the vhysical bages for these readings,

and 3} to determine correlalions among positron angihiistion messurements and frag=
As part of Item 2, detallea metallurgical examinations have

tion of 1ife or dainn e,

tesn performed on damgged samples.
In a report published earlier (6], same experimental dats snd tentative corre-

lantions were presented. The present report includes additional data teaken on
fatlguet mamples of 316 stainless steel vycled wt 866 K (L100'F). Also described
are gevernl annealing experiments which, combined with transmission electron microscopy

vbservations, provise ldentifieation of the species of defects which cauie changes in
These pesults allow conelusions te be made on the

positron annihitatlon reading.
applleabflity of poritren snnthiisticn ss » nonedestructive exsmiration technique fop

Finally, n number of potential problems

316 steinlese stewl Bt elevated temperaturos.,
are dlscupred which deal with hypotbetissl application of the teehnigque in & real

reactor abructure,




2.0 EXZERIMENTS

£11 expirimental data were generated using *ie Doppler broadening method of
pogitron annihilation measurements. This method, along with specimen preparation
techniques and mechanical testing were detailed in u previous report (6), and only
the major points will be outlined here.

Measurements were performed using a Dappler broadening apparatus, shown sche-
matically in Figure 1, which was available from previous work, The configuration
required using emsll disk-shaped samples approximately 0.6 em diameter by 9.13 em
thick. These samples were sectioned from mechanical test specimens, so this
particular measurement scheme was not truly non-destructive. As described later
fGection 6), however, there are practicsl ways of making the measurements without
sectioning.

Pogitrons were obtained from sources containing either 22Na or 68Ge sandwiched
tetween the two samples, As shown in Table 1, the average depths of penetration of
the positrons are small, consequently only the near-surface regions of samples
contribute to the positron annihilation measurement. Fer the sectioned samples,
this still corresponds to the interior of mechanical test specimens, provided the
sectioned pieces were electropolished to remave damage caused by cutting (6)., Surface
preparation for non-destructive examination of structures is discussed in Section 6.

Pogitrons which enter a metal slow down rapidly and subseouently annihilate with
electrons within about 10727 ¢. The positrons may annihilate with electron- in the
lattice, or theéy may beccme trapped at defects and annihilate with an electron asso-
ciated with the defects. Ideally, the annihilation event most often produces two v
vhotons, each of which would have an energy of 5)1 keV and be emitted at 180° to each
other if both the positron and electron were at rest. In fact, however, the positron
ig usunlly ¢lose to rest while the electron is not, and this causes the energies of

annihilation photons to be Doppler shifted thus conserving energy. In the Doppler
broadening method; an energy resolving detector is used to register photons, and the
risult iz an energy distribution plot of counts versus energy (channel number in

Figure 1). The shape of the photon energy distribution curve can be described by a
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TABLE 1. DEPIHS OF PENETHATION OF POSITRONS IN COPPER
(Values for Steel will be ~ 10 to 20% Higher)

gource e-Folding Distan,ce* Maximum Penetration
“Na 23.1 g = 0.0009 in 0.31 mm = 0,012 in
8

Ge 165 pm = 0,006 in 1.42 mm = 0,09 in

“bepth in material at which positron flux is 1/e (37%) of its
value at the surface.




meneral line shepe parameter, S, which in this work is defined as the sum of counts
In the center six energy channels divided by the counts in the center 48 channels
of the 511 keV distribution, multiplied by 100 (Figure 2),

It has been determined experimentally that the Doppler broadened line shape
bec aes more sharply pesked with increasing concentration of open volume defects
18, vacancies, dislocations, and vacancy clusters), Thus & incresses as the
total number of these defects inereases, The effect is measurable for atomice
concentrations of defects between 10'7 and 10'6, and saturation occurs for concen-
trations of epproximately 107 to 1073, These cbservations are consistent with the
pleture of positrons being trapped at defects (vacancies, vacaney clusters, and
dislocations) and then ennihilating with electrons thet have different momenta in
the defect volume than in the perfect lattice, In addition to the § parameter, the
defectespecific ® parameter, dofined and discussed by Triftshatiser (7) and Mentl and
Iriftsheiiser (8) was used for anmlysis. The P prrameter as defined in Fipuve 2 is &
ratis of the change in peak areas to wing areas for defected versus annealed material.
Values of 8 are postulated to be independent of the number of defects for a given
dominant positron trapping site,

The materials tested were 316 stuinless steel [Republic Steel heat No. gogp2a7,
obtained from Oak Fidge Naticnel Laboratory) and pure nickel {nominally %49.909%,

dbtained from Materials Research Corporation),
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3.0 RESULDS
3.1 COIWD WORKED NICKEL AND 316 STAINIESS STEEL '

Initisl scoping measuremente were performed on cold rolled 316 stainless steel i
to sssess sensitivity to varying amounts of deformation. Serples were cold worked i
in stages up to 75 thickness reduction. In Figure 3 the measured positron anni- ,
hilation response is plotted as percentage change in lineshape parameter, relative '
to the well-annesled condition, versus reducticn in thickness. Measurements were |
made on materisl with two starting conditions: mill-annealed "As-Received” and l
re~annealed (1338 € for 1 br in vacuum). The data show an incresse in lineshape "
parameter, reaching a saturation velue st spproximately 25§ reduction. Data for :
both as-received and re- nnealed 316 stainless lie slong the same line. Counting
statistics yield calculated error limits of approximately : 2% of the total measured
effect.,

Also plotted on Figure 3 ere lineshape parameter changes for pure nickel
generated by Dlubek et al, (3). Although the plotting scales have been adjusted to I
provide a common relative saturation level, the important point is that the behaviors '

44 the two face centered cubic netals are nearly identical,

3.2 316 STAINLESE STEEL FATIGUE
A eummary of data generated from low cycle fatigue of 316 stainless steel at

both room temperature and 566 K is presented in Figure 4. The major observations

which can be made sre:

1} For a glven test condition, saturation in lineshape parameter occurs
within approximately 104 of life.

2}

At 294 K, the apparent saturation value is slightly lower for the smaller
strain range testz than at the higher strain range,

3) The ultimate caturation value for the tests at 866 K is much lower than
the &k K data at roughly equivalent strain ranges,

4) Tests with several combinations of hold periods show positron annihila- \
tion saturation values eguivalent to nan-hold period runs, even though
fatigue life was reduced by a factor of four for the tensile hold cr. e,
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