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DERIVATION OF MICROSTRUCTURE PARAMETERS OF FINELY DISPERSED SYSTEMS
FROM ATOM-PROBE DATA

D. Blavette, A. Menand and A. Bostel

UA CNRS 808, Laboratoire de Microscopie Ionique, Faculté des Sciences
de Rouen, B.P. 67, 76130 Mont Saint Aignan, France

Résumé : Diffé&rentes méthodes d’'exploitation des profils de
concentration obtenus & la sonde atomique sont discutées., Le calcul
des param@&tres microstructuraux d*un superalliage & base Nickel
contenant de petits pré&cipités est commenté& en exemple.

Abstract : Various met hods available for the exploitation of
atom—probe concentration profiles are discussed. The determination of
microstructure parameters of a nickel base superalloy containing small
Precipitates is given as an example.

I- INTRODUCTION

The FIM acatom—-probe is a well suitable technigque for the study
of early stages of precipitation in allows. Two modes of investigation
are currently used i the selected area analysis of Phases and the
continuous random area investigation. The latter mode actually has two
main advantages. Random area analyses do not need the occurence of a
contrast between Phases . The high temperature required for this
contrast to occur is, in fact, not necessarily the best choice for
preventing preferential evaporation or locatl magnification effects.
The second advantage is that one can also derive the microstructure
parameters from the concentration profiles.

Various statistical methods were Proposed in the past [11.
Lost vear [2], we described a simple analytical model available for
spherical precipitates finely dispersed in a matrix. This paper
Presents some recent experiments we performed on nickel base
syperalloys containing small precipitates. Our intention is to discuss
the wvarious retevant methods of interpretation. The s=second chapter
recalls the main results provided by the method we proposed last year.
In addition some extensions are given.

O - ANALYTICAL CALCULUS OF MICROSTRUCTURE PARAMETERS

Let us consider a material composed of spherical particles.
The investigation of this alloy with the atom-probe can be interpreted
as an analysis along a cylinder whose diameter is ¢, Cfigure 1). The
problem is to oconnect the composition pProfile features to the
microstructure parameters of the material, namely, the size, the
number density and the wvolume fraction of precipitates.

a) - Basic relations :
Assuming that Every particles have the same diameter ¢ and
are all detected, the analysed volume is representative of the

materiatl and lastly, there is no local magnification effects, the
following results were demonstrated last vear {2] :
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The particle diameter ¢ can be expressed as a function of the

mean apparent size of enriched regions £ :

—~  C14m>?
T ORCwd

€1) with m = ¢, #6 and FCM) = 1 + 3wn 4 + 3n’,2

3
¢ = —
2

When the particle size is large compared to the spatial resolution Oa.

N is small and therefore : ¢ = 3 2/2. The mM dependent factor following
this latter expression in (13 is just a correction term.

The volume fraction F, may be written as a function of the

linear fraction Fe of crossed pParticles : va = Fl/F(ﬂ)] 2>

The number density N, of particles may simply be tinked to the mean

distance dP between particles as measured on concentration Profiles.

_ z -2 N 3
Nv = 4100 C14+MD dP €3> or Nv = 6 FV/E¢ C4>

for a monomodal distribution of particles.

In order to take advantage of the whole information it is
desirable to know the relation between the mean apparent composition

C: of particles and their actual composition Ci. As shown last year
[2]!
1 _ i _ S i
cl = (cp ci ) Fend o+ ¢l ¢s>

with C,» the matrix composition for the element i.
b) -~ Influence of the detectability

The above results are only wvalid when every pafticles are
detected. Let us consider that enriched regions the apparent size of
which is lower than Zm cannot be detected. It is clear that this l1imit

2m depends on the s=statistical fluctuations and on the composition
amplitude between phases (cP - cm) . Elementary geometrical
considerations 1lead to the fraction of detected particles k(wd) as a

function of the ratio w = £ /¢ :

2 2

\li—u + N

KCw) = (-]
1 +n

This detectability ratio remains close to 100 X for reasonable values
of w (€ € 0.4 ¢) . Because of the non-ideal detectability, the basic
retlations given above have to be corrected. The actual distance

-

between particles d; and the particle size way be written as :

2
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with e(wd = w?® + 3n (arcsin B - B N1 - pz] s 2 9>

And finally, the volume fraction writes: F = F, /CRCMND ~- GC(w)) C10)
It is noteworthy to notice that the G(wn) factor remains small compared
to F(M) for reasonably small values of w and M.

Il - BEXPERIMENTAL RESULTS

This section deals with some experiments we made on nickel
base superalloys containing small spherical particltes. The figure 2
shows for instance a portion of concentration Profile. The 7’
Precipitates appear as aluminium enriched and chromium depleted zones.
Table 1 summarizes the main analysis parameters as well as the basic
atom—-probe results. These data are averaged over several experiments.
We will try to estimate the microstructure parameters of the material
with the help of the geometrical model given in section II.

Mean
Spatial Total Mean Smallest| Linear {(distance
resolution}probed|{apparent sizelapparent]fraction] between
$, depth Z size F, particles
e —
m dP
13.5 A 5250 A 52 A 27 A ©.16 330 A

Table 1

A pPretiminary vatue of the particile diameter may be readily

obtained s ¢ % 3 € 2 = 28 A . One can now calculate the analysis
parameter 1 H n *® 0.17. Taking into account the value of the m
dependent factor (see egquation (1)) & more retltiable pParticle size can
now be estimated : @ ¥ 7O A with F(Md = 1.85. It is important, just
now, to estimate the ratio of detectability k(wd. Taking the size of
the smallest enriched region em as given in table 1, one gets :
o= tm /9 = 0.38 and therefore k() ~® 0.9 (eqQuation (63). It is clear

that a wvery high proportion of precipitates is detected. We can
therefore consider that no corrections are required here. The volume
fraction is derived from the linear fraction of crossed particles
P, (equation €2)) : F, = 10.7 ¥ The number density N, as deduced from
the mean distance between particles is : N, = 6.101? part . cm”.

Up to now, the informations were directly derived from the
concentration profiles., It is therefore interesting to compare these
results with those given by autocorrelation anatlysis. The figure 3
gives the autocorrelogram corresponding to the Aluminium concentration
Profile presented figure 2. The diameter of the particles as deduced
from the value of the first minimum k is in a surprisingly good
agreement with the analytical calcutus (654 < k¢< 75A). However the
value of the first maximum (k1)' supposed to measure the mean distance
between the particles, is apparently two times lower than exPected

(k, = 150 A while dP = 330 A). By comparing figures 2 and 3 , one can

easily see that K is close to the smallest distance between the

1

precipitates. This would suggest that k is rather a measurement of

1
the minimum distance (projected at the analysis direction) between the

first neighbour particles.
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Another probtem of interest is the determination of the actual
composition of particles. It is convenient to PpPlot the composition
data in a synthetical graph. In the figure 4, the Al + Ti
concentration is drawn versus the chromium concentration (Al and Ti
are both known to be T7T’-like elements). Atom probe data are plotted
for each isolated particle and for the whole matrix. The advantage of
this graphic rTepresentation is that it is easy to see whether
atom-probe data are consistent or not. Also the atomic fraction is
simply given by the lever rule : F, = NM/PM.

It is noteworthy to notice that particles which are partially
crossed can be easily located : the corresponding dots are situated
between M and P. In the same way, pPreferential evaporation effects of
Ni atoms (P’ N’ M’), as well as local magnification effects (N") can
be easily detected on this kind of graph (see figure 43. This grapPh
shows here, that the overall composition as measured by atom-probe (ND
is in good agreement with the nominal composition (0).

Table 2 gives the phase composition averaged over 4.10% ions.

CP is the averaged apparent composition of enriched regions while CP
is the corrected wvatlue (equation (52) . It is interesting to notice
that the corrected concentration for Al is in good agreement with the
“plateau’” values observed in figure 2.

At X Al Ti cr Co Ni Mo W

c 1.52]0.82]122.22|8.59]159.38]0.52]2.46

[ 12.47|0.85[10.64{7.09]65.06]0.28]13.62

[ 17.9411.11 2.35]6.84|67.9 (]0.16]4.2

Table 2 : Phase composition

Corrected wvalues (CP) for Al, Ti and Cr are plotted in
figure 4 (P, The wvolume fraction as deduced from ¢this diagram
(Fv ~ 10 %) is close to that previously calculated.

I¥ - CONCLUSION

The simple analytical model we Propose allows the
microstructure parameters of finely dispersed systems ¢to be
determined. The example Presented shows that the results are in good

agreement with the autocorrelation anatyvsis except for the mean
distance between particles. Other sets of atom-probe data were tested.
The analytical method was found again to work wetlt for homogeneous
precipitation [(3].

REFERENCES

[11 J. PILLER and H. WENDT

Proc. of 29th IFRES, Almguvist and Wiskell (1982)> 265
[2]1 D. BLAVETTE and S. CHAMBRELAND

Proc. of 33%" IFES, J. de Phys., Colloque CZ-11, t47 (1986> 503
2] S. CHAMBRELAND, D. BLAVETTE and M. BOUET

C1987), this symposium



C6-575

2500 A

>
o
x O
i
1
! v
[ [
i e
Q — .
' o .
' £
S ~ 5
- I £
t ' el
Q lllllllllllllllllll e T b a
+
S i)
-
[}
v
L
]
m +
S g
(-]
] w 0
W [JI]
S n B
w P
]
[ >
i ot
0 N, e mmmmd . mam——— S S TN g 0
c e
A hy < C
......... R el R TR R S BN a
[} [}
' o~
' [}
L0
] a
- [} L
5. 5 .
B peeen e h S g
] u < 9 NM
28 8 °

Figure 1:

1000 1500 2000

500
particles apPpPear as Al rich zones.

Concentration Profiles related to Al and Cr elements.

T’

Figure 2



C6-576 JOURNAL DE PHYSIQUE

R(k)
1

Al

Ks

1)

AN
450W

-1
Figure 38 : Autocorrelation function related to the Al concentration
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Cuei %
\ 'P' @ PN M: Measured compositions
20 G P'N'M'": Piaterential svaporation of NI
» 1 . ®  N” . Local magnitication effects
» !
N\
A
M- TN
g
30 C('
Figure 4 : Schematic diagramm showing the (Al + Ti)d concentration as a

function of the Cr level for each phase. O corresponds to the nom
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