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PARTITIONING OF ALLOYING ELEMENTS IN A NICKEL BASE SUPERALLOY
CONTAINING Nb AND Mo : AN ATOM-PROBE STUDY

D. Blavette, A. Bostel and M. Bouet

Laboratoire de Microscopie Ionique+, Faculté des Sciences de Rouen,
BP 67, 76130 Mont-Saint-Aignan, France

Résumé - Une sonde atomique & temps de vol est utilisée pour déterminer la
composition des différentes phases existant dans un superalliage & base nickel
ainsi que les sites préférentiels des différents éléments dans la phase ordon-
née y'.

Abstract - A time of flight atom-probe is used for determining phase composi-
tion in a nickel base superalloy and a tentative derivation of preferential
sites occupied by solute elements in the ordered y' phase is made.

INTRODUCTION

The microstructure of nickel superalloys consists essentially in a FCC solid solu~
tion (Y) and finely dispersed ordered precipitates (y') with composition based

on the formula (Ni, X), (Al, Y). The creep strength of such alloys is known to be
strongly dependent upon the particle size, volume fraction and composition (con-
nected with the antiphase boundary energy) of the y' coherent phase.

In this study the fine scale microstructure of a nickel base superalloy is inves-
tigated by means of an atom-probe in order to determine the partitioning of allo-
ying elements between both y and y' phases. An other guestion of interest is to
find the preferential sites. (Ni or Al type) solute elements such as Mo, Nb ...
preferentially occupy in the Yy' sublattice. From a gquantitative compositionnal
analysis of (001) superlattice planes it has been possible to derive some infor-
mations about the long range order existing in vy' phase |1|

EXPERIMENTAL

The apparatus used in this study is a conventional atom-probe ]2]. The instrument
details are described elsewhere |3l. All experiments were performed with a mini-
14

mum pulse fraction p = P - 0.2 and an evaporation rate not too high. Indeed, a

14
o

too low pulse fraction may lead, for a given evaporation rate (i.e for Vb+Vb=Cst),
to a preferential evaporation of "low evaporation field" atoms at the D. C voltage
(i.e between each evaporation pulse) and therefore to biased compositions.

In the particulary case of nickel base alloy (Ni, Cr, Al), hydrogen is known to
chemisorb on Ni and consequently reduces its evaporation field I4|. As a result,
Ni is found to preferentially evaporate, in agreement with a recent study of

Ni Al system |5|.

Another crucial parameter is the evaporation rate which play a key role on "detection
isotopic effects” |6|. Indeed when the averaged number of collected ions per
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evaporation pulse (n > 0.05) become too large; a not negligeable proportion of atoms
. M 2 g g 7
having the same ;-ratlo strikes simultaneously the detector. As no amplitude measu-

rement of the detection signal is avalaible for deriving the number of ions stri-
king the detector the number of collected ions of each nature becomes biased. In
such conditions, concentration of major elements (Ni) will be the most affected and
the effects will be more pronounced for atomic species having solely one isotope
and charge state (i.e one peak in the mass spectrum).

These artifacts have particulary drastic effects when a plane by plane analysis is
achieved. Indeed, as the size of the analysed plane shrinks, the evaporation rate
accelerates in its central portion because of the increase in local field above
individual atoms (step like behaviour of the integral ion flux curve). Hence, in
order to maintain the ions flux to a reasonnable value (number of collected ions
per second) a high pulse repetition rate is required. All experiments were carried
out with £ = 40 Hz and with n < 0.01 for the plane by plane analyses.

RESULTS AND DISCUSSION

Figure 1 shows a FIM image
which illustrates the fine
scale microstructure of the
superalloy. More than 50 %
of the material volume is
occupied by precipitates
from 300 & to 1,5 u in diame-
ter. The corresponding mass
spectrum of brightly imaged
precipitates is given figu-
re 2.

In spite of number of iso-

tope overlaps (Ni-Nb, Ni-Mo)
it was possible to quantify
Nb and Mo concentrations by
means of Ni isotopes distri=-
bution (Nisz). The corrected

concentrations, averaged
over more than 35 000 ions
are summarized and compared
in table ! to that obtained
by chemical analysis of
extracted precipitates. Both
results are in reasonnable
agreement.

Integral composition pro-
file corresponding to the
analysis of. (001) planes
of the y' ordered phase are
given in figure 3. As expected for a L1 structure (Ni, Al) one find the alterna-
tion of Al rich planes (mixed planes formed with Both sites I, II) with Ni rich
planes (pur planes formed with sites II). It has been already shown |1|, |7I that
it was possible to derive from the averaged composition of both types of planes,
some informations about the preferential sites occupied by the solute elements in
v' sublattice.

Fig. 1 - Field ion micrograph of the two phases
alloys. y' particles appear in bright contrast

Eventhough some artifacts introduced for example by a preferential retention of
some elements from one plane to the following may occur, the results obtained with
the atom probe {8] are in good agreement with those predictéd in the litterature
|9]. Although the site preference of a third element may be affected by the addition
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Fig. 2 - Atom probe
mass spectrum relative
to a primary precepi-
at tate
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Fig. 3 - Analysis of
y! (001) superlattice
planes. The cumulative
number of Ni or A1 is
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of other elements in the Ni Al phase, it is noticeable that the preferential sites
suggested by the direction of solubility lobes in the ternary system IJOI are in
reasonnable agreement with the atom-probe results : Mo, Nb, Ti atoms preferentially
occupy Al sites while Co, Cr substitute Ni.

Figure 4 shows the mass spectrum relative to a matrix analysis. Because of the good
mass resolution, the seven isotopes of Mo are identifiable even in the plus three
ionisation state. As the back ground noise is low, it is possible to distinguish

a very little amount of Boron (0.09 at. %). The chromium level was found higher
than it was expected from y' composition and the volume fraction of primary precipi-
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tates (50 vol %) measured by chemical analysis. As a matter of fact, atom-probe
analyses reveal%d the presence of very fine precipitates having a mean size varying
from 30 to 100 A. The integral composition profiles correspgnding to a matrix ana-
lysis along an "analysis cylinder" having a diameter of 20 A is represented figure 5
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Fig. 5 - Integral composition
profil corresponding to the
matrix investigation. The cumu-
lative number of Ni or Cr or Al
is plotted against the cumulative
number of identified ions
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One secondary precipitate was traversed and as indicated on the draw, its concentra~
tion is slightly different from that of primary precipitates. Obviously, such a dif-
ference could be due to a "mixed analysis" of the precipitate with its surrounded
matrix as well. However, the profile slope changes very charply at the y-y' transi-
tion in such a way that this artifact is not thought to intervene here.

From various matrix analyses, it was possible to estimate the volume occupied by
these secondary precipitates and to extract particles data traversed by the analysis
cylinder in good conditions (i.e not on a edge). Averaged composition of these parti-
cles is given Table !. From these data and the estimated volume fraction of seconda-
ry particles (10 vol. %) one can compute a composition averaged over Yy matrix and
secondary precipitates. This composition is compared in Table 2 to the "matrix" com-
position as deduced from nominal composition of the superalloy and primary y' data
(composition, volume fraction = 50 %). Both determinations are in good agreement and
suggest that the very fine precipitates were dissolved during the extraction process,
leading therefore to an underestimated volume fraction of y' (50 % instead of 60 %).

Al Ti Cr Ni Co Nb Mo

Averaged atom-probe
data for y' phase 13.85 4.33 2.14 66.62 5.83 5.56 1.38
(at %)

Statistical fluc-

. . . . . 0.12 .06
tuations (at %) 0.18 0.1 0.07 0.25 0.12 1 Y

Chemical analysis 13.52 4.53 | 1.89 | 66.67 | 6.22 | 5.88 | 1.29

(at %)

Secondary 11.7 1.7 | 8 65 6.3 | 4.1 | 3.3
precipitates

Statistical 1 0.4 0.8 1.4 | 0.7 | 0.6 |o0.5

fluctuations G

Table 1 - Compositions of primary and secondary precipitates as measured by atom
probe. Chemical analysis data are given for comparison

Al Ti Cr Ni Co Nb Mo
Atom-probe 3.89 | 0.64 | 21.5 | 53.95 | 13.23 | 1.54 | 5.15
data K
Statistical
e o 03 |01 0.4 0.6 0.35 | 0.15 | 0.25
Chemical 3.77 | 0.51 | 20.35 | 55 13.97 | 1.56 | 4.75
analysis

Table 2 - Comparison of averaged composition of y + secondary precipitates, computed
from atom probe data with the "matrix" composition as deduced by chemical dnalysis.
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