) LA-UR -81-2161

TITLE:  DISPLACEMENT CASCADES IN DIATOMIC MATERIALS

MASTER

AUTHOR(S): Don M. Parkin
C. Alton Coulter

SUBMITTED TO: The Second Topical Meeting on Fusion Reactor
Materials, Seattle, WA, Aug. 10-12, 1981.

——
I MSC1 ampu
]

]

Uy acooptence of this arucle, the publisher recagnizes that the
U.S. Governnwat retens a nonexclyuve, royalty-fiee license
to publith or reproduce the published torm of thit contnty
tion, Or 10 sliow othen to do so, for U.S. Gowrnenent pur-

powss

The Los Alamos Srentific Laburatory requests that the pub
hishur 1dentify this ariicle & work performed under the aus-

mces of the U.S Depanment of Energy ’

University of California

G201 50N OF TAIS 0OCUMLNT 18 UKLIITED

m LOS ALAMOS SCIENTIFIC LABORATORY

Post Otfice Box 1663 Los Alamos, New Mexico 87545
An Affirmative Action/Equal Opportunity Employer

Form No. 838 RJ UNITED STATES
5t. No. 2629 DEPARTMENT OF ENENGY
12/m CONTRACT W-7408:-ANG 36


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DISPLACEMENT CASCADES IN DIATOHIC MATCRIALS®

Don M. Parkin
Los Alamos Nationai Laboratory

Los Alamos, NM

87545, USA

C. Alton Coulter
The University of Alabama

University, AL

A new function, the specified-projectile displacement function p,

35485, USA

£), 1s introduced

\ i
to describg d1sp]qcement cascades in polyatomic materials. This’?bnction describes
the specific collision events that produce displacements and hence adds new infor-

mation not previously available. Calculations of p.

for Mn0, Al and TaO

. (E) 0
are presented and discussed. Results sh'w that tne‘ﬂgrameters that hgv the largest
effect on displacement ¢ollision events are the PKA energy and the mass ratio of the
atom types in the material. It is further shown that the microscopic nature of the
displacement events changes over the entire recoil energy range relevant to fusion
neutron spectra and that these changes are different in materials whose mass ratio
ts near one than in those where it 1s far from one.

1. INTRODUCTION

Polyatomic materials such as alloys. insu-
lators and ceramics play an important role in
many fusion reactor designs. The basic dis-
placement process in these materials is morc
complicated and requires significantly more
parameters for its description than is the
case for monatomic materials. Consequently,
the characteristics of displacement cascades
produced in polyatrmic materials by energetic
particle irradiations are much less well under-

stood than those prodiuced in monatomic materials.

Io polyatomic materials the relative masses of
the various atom tyres can have a gtrong in-
fluence oa the numbers and types of defects pro-
duced, and new defect species can occur - e.g.,
those arising froam disorcering replacements.
The description of displacement cascades in
polyatomic materials thus requires the use of
more complex funuvtions than needed in the aco-
atomic case.

In previous studies we have investigated
a number of Lhe features of displacement cas-
cades in polyatom:c materials fi-3]. The
approach used in these ioveptigaticns was to
calculrte, as & function of the type and energy
o the PXA producing the caacede, the Jdawage
eoergy deposited iu the naterial; the total
number of stoas o! eacu species displaced; and
the net aumber of these Aisplaced atums which
vere nol subsequeatly recuptured in replacement
collisions. These polyatomic damige energies
snJd total aud net displacerment. functions werr
evaluated tor s number of diatomic motevials
and a fevw triatomic materjals, and the results
obtained provide much informatiun about the
general properties of displacement cascades in
polyatomic materials. However, Lhesc three
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functions still fail to determine a number of
interesting intermediate and final features of
a cascade'r development.

We have therefore defined and studied two
new functions characterizing displacement cas~
cades in polyatomic materials, which contain all
the info:mation of the total) and net displace-
sent functions and much additional information
which is micsing from them. One of these new
functions, which we term the specified-pro-
jectile displacement function, will be described
herc. 1t characterizes displacement events not
only by the type of the atom displaced but also
by the type of the atom that displaces it -
vhich, of course, is [requently not the same as
the type of the PKA wvhich initiated the cascade.
The second {unction, which characterizes tte
precise nature of all replacement events, will
be discussed 1n & future paper.

2. The Specified-Projectile Displaccment

Function

The specified-projectile displascement func-
tion Py (E) is defined as the average number of
type-k Jtoms which are displaced from rheir
sitec by type-j atoms ir a displacement cascode
initiated by & PKA of type i and energy E. The
PKA itgelf is not counted by P, k(E). An integ-
rodifferentiasl equation to dete4minc the apeci-
fied-projectile displacement function can be
derived by the methods of Linhaird et al. [4-6]
and our previous studies [1-3]. Let

do1 {(E.T)

dT

be the differential scattering cross scction for
& moving type-i astom with energy E to elasti-
cally trannfer kinetic energy T to & type-j atom,
P . \T) the probability that the type-j atoam will
tﬁen be displaced, Ej the binding energy (t



loses in the displacement process, and A. (E-T)
the probability that the incident atom (1dft
with energy E-T after the collision) will be
trapped in the vacated type-j site' In addi-
tion, let M. . = MM /(M + M. )" be the kine-
matic energ§ltransfe} efficieﬂcy for the colli-
gion, s.(E, the eiectronic stopping power of
the material per unit atom density for a type-i
atom of energy E, and {i the atonic fraction of
type-i atoms in the material. The equation for
the specified projectile displacement function
is then

dp, .. (E) . ,E do., (E,T)
ijk™ "’ - if if
si(E) 4E i f2 f daT —ar

(P 16,8, + 9y (T - ED) )

+ {1 - py(TIAH(E - ™) pijk(E -T) - px.jk(E)} ,

where the sum over £ is over all atom types in
the material. In the first bracket term 1in
the integral, pQ(T) gives the probability that
a displacement occurs; and the first term in
the bracket counts the resulting contribution
to p, .y if the incident and struck atoms are
of tﬁé proper typee, while the second term in
the bracket counts subsequent effects of the
displaced atom. The second bracket term takes
account of subsequent effects of the incident
particle itself provided it is not captured
in the curreat collis<ion (probability
1 -p (T)A,z(E-T)]). Finally, the last term
in the integral and the term on the left of
the equation arise from motion of the atom of
type i with electronic energy loss, but with
po atomic collision [2].

For all the calculations discussed here,
l:lrf-:hreshold forms of Py and Aii were assum-
ed; i.¢.,

0, T<E
P, = d (2)
1, T>Ej
cap
A= 1, E< Eil (3)
i cep .
0, E> Eiﬂ

Here Ed is the average gésplncemcnt threshold
for type-£ atoms, and Eigp is the averapge cap-
ture energy below which 3 type-i atom will be
trepped in a vacated type-£ site. It was also
osluaed n the calculations that E, = 0 and
ES® = EY (cf. [3]). In describing our results
fét distomic na(ggialy bclqy,wc have used the

L ¢ Cap pCap .Cap .
gotaticn AxBy(hll . le. E21 , hzz ), with the

ca . . .
g<4p expressed in eV, to characterize the mate-

ri3dl. In conjunction with the above assumptions,

this format pro .des a complete description of
the material parameters used in a calculation.
The values of the p.. are actuallv quite insen-
sitive to the choicelof the E<?P for i# ji thus
even though particular choicesdof these latter
parameters were made in the calculations dis-
cussed in the next section, the results can be
considered to be essentially independent of
those choices.

3. RESULTS

Once a set of material parameters is chosen,

Eq. (1) may be numerically integrated to deter-
mine the p. . (E). Note that p.‘k(E) is not the
total numbed of type-k atoms digplaced in the
cascade initiated by the PKA of type i and ener-
gy E, but only the subset of them which are dis-
placed upon being struck by type-j atoms - hence
the name "specified-projectile' displacement
function. A determination of how the number of
displacements per cascade for a given projectile
atom type j and displaced atom type k depends

on the properties of the material is clearly
needed for an understanding of displacement cas-
cades in polyatomic materials.

Using certain choices of the E ¥, we have
calculated the specified-projectileléisplacement
functions for the diatomic materials MgO, A1203,
and Ta0. It is convenient to describe the re-
sults obtained by introducing the displacing
stom fraction ijk(E)' defined as

cap

By (B) = g5 (B)/] pyg (B). (4)

For a cascade initiated by a PKA of type i and
energy E, R..k(E) i+ that fraction of the total
oumber of t§ﬁe-k displacements that was produced
by type-j atoms.

First consider the case Mg0(62,62,62,62),
wvhere the two atomic species occur io equal aum-
bers and have relatively similar masses, and
where all the displacement thresholds and cap-
ture energics sre the sawe. Values of the
Ri k(E) for this situation are shown in Figs. 1
ané 2. Note that the asymptotic values of the
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Figure 1. Valuces of the ratio R { for the
material MpO (62.62.6}.&2) as a
function of PKA energy.
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Figure 3. Veluer of the ratic Fl;‘ for tru
material Al.0 ilh, 5024, 70¢
a function &I "PKA energr.
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R are not equal to 0.5, and that they are nct
tﬁékulnc for Hp as for O PKA's. In addition, all
the R are great_r than any of the k K vith

{ ‘aﬁ he penerally greater e(f%éxancy of
1 ¢) e to the pene y

energy transfer betwveen equal-miss atoms (ct.
{2)7. Finally, Mg atoms 3in Mp-initiated cascades
are more effective in producing displecencuts
than are O atoms §n (-initiated cascades, prioa-
rily because the hcavier atoms dissipate less
kinetic enecrgy thiough clectrenic excitation [2]).
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Figure 5. Values of the rartic R.i,fot the
material TaO 160.66.66.30} as a
funccion of PKA energyr.
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Values of the ratisc R, for the
}

Figs. 3 and 4 show results obtained for the
case Al1.0.(18,45,45,72), wvith the choice of dis-
placement™thresholds based on the work of Pells
and Phillips [8]. The masses of the two atom
types are again relatively similar, but nov the
two species appear with Aifferent stomic frac-
tions and have quite different displacement
thresholds. R (E) is larger for Al_J. than
for MgD pramariiy because at :nerpgiss“néar the
threshold for an Al atom to displace aa O atom,
where R12 becomes nonzeco, the low thresheld
for Al maicn 1t more probable for an G stom to
displace an Al atom thaa another O atom. A
similar effect 1s sesn for R 1 (E). As the PKA
energy increases this un:quuf-}hreshold effect
becomes less important. The stcichiometric
effect of the relatively preater numbher of ©
atoms in the material displays itself i« the
fact that, away from threshold, the R PR L
all g.eater than in the case ot Mg0. ek

Results for the material TaG(60,606,60,60)
are shown in Figs. S and 6. I this case the
atomic fractions, displacement thresholds, and
Capture encrgies gre all the sams, but the Ta
mass 18 much greater than the O magss. The
dominant role of the high-mas:t atom in the dis-
placement process is evident in tha figuves; one
seey that K. >> R, & at all energies, and at

high cncrgtéllkllz 22 122° Also note that the



displacement cof an atom by ancther atom of the
same ki1nd occurs more fregyuently tnan in the case
of Mg, where the lwi atomiC mISSeS are more
nearly egual. A particularly striking example

of the hesvy-atom dominance can be seen ip dis-
placemen: cascades with G PKA s5; above 10 eV the
value of Rﬁll tecomes considerably greater than
that of R_0 ., snowing the enhanced efficiency of
getting efisrgy intc moving Ta atoms.

It is seen that for all the cases considcred
the asymptotic values of R (L) are not reached
until E > 107 eV. Thus untlk rather large FKA
energies are reached the specific ccllision events
which produce displacements are changing  The
general energy dependence of R__ (E) 1s somewhat
similar to that observed for thd distribution of
displaced atom types [3].

4. Conclusion

The specified-projectiie displacement func-
tion Py (E) describes the specific collision
events ikat sroduce displacements. By calcu-
lating values of this functicon for several tvpes
of diatomic materials, we have found that the
two parareters that have the largest effect on
the displacement ccllisicn events are the PKA
energy and the masgs ratio of the atom types 1in
the material. It 1s of conseguence tc studies
of polyatomic materials for fusion reactor
applications that the mi<roscopir nature of the
displacement eveats 1s charging cver the entire
recoirl energy range relevant te fusion neutroh
spectra, and that these changes are Quite
different 1in materials where the nass ratio 1t
nesr one than 1n rtnose where 1t is far from ome.
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