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Abstract. Two ternary alloys, Ni-25Cr-0.25C and Ni-25Cr-0.5042.%) and three versions containing also
titanium (1 and 2 wt.%) were cast and submittedxidation in dry synthetic air at 1200°C to obsetive effects of
titanium on the behaviors of the nickel-based allbglonging to this category. The mass gains amlyvparabolic

in all cases and the values of the parabolic amdnsia-volatilization constants are typical of a amia-forming
behavior. The mass gains of the Ti-containing allaye faster than for the Ni-Cr-C alloys, and thksestic
differences are consistent with the differenceshromia thickness and in Cr-impoverishment of thiessirface. In
addition the presence of Ti led to the developnadrthin a TiQ outer scale isolating chromia from hot air, but
without benefit for the protection of €; against volatilization. The obtained results atsgygest that Ti may
perturb the Cr diffusion in volume but also delag bxide spallation during cooling.

Keywords. Nickel-based alloys; Titanium; Chromium carbidelggh temperature oxidation; Mass gain rates; Oxide
scale characteristics; Internal oxidation
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INTRODUCTION

Nickel-based alloys represent a particularly imgottclass of superalloys for high temperature appbns [1].
The most remarkable ones are W single crystals which offer very high levels dfjh temperature mechanical
properties [2-4] and oxidation resistance [5-8]séfgially devoted to constitute elongated pieckssé single-
crystal alloys are unfortunately not suitable te tompact geometries of many complex-shaped comporier
which other elaboration/shaping techniques mustpleferred (conventional foundry, powder metallurgy...
However there are also polycrystalline nickel-basepleralloys which can be employed for pieces wittmpact or
complex shapes. In the case of these latter Nicba#leys oxidation resistance at elevated tempezatan be
achieved with high amounts in chromium in theirmiel compositions, instead aluminum is less effitithan Cr
against corrosion by molten substances (CMAS, gfasg. Unfortunately, the protective external sadlehromia
formed all around the Cr-rich superalloys tendsb® re-oxidized into volatile species. This volatlion
phenomenon is harmful for the sustainability of theidation resistance [9], especially when the wugk
temperature is significantly higher than 1000°C.

Solutions for limiting chromia volatilization mayebvery interesting for keeping the longest timesas the
chromia-forming behavior of superalloys. Adding atdge elements can be envisaged in this field, bpifg
developing, together with chromia, another typeoride whose presence may stabilize or protegO{from
volatilization. Titanium, which is widely used fbght alloys with high specific mechanical propegiand oxidation
resistance at moderate temperatures [10-14], iobeech elements reacting easily with oxygen. &itfiis element
seems to have never been evocated in associatibrthe chromia volatilization phenomenon in theriture, it can
be interesting to undertake a work to study wheffiezan have a positive effect in nickel-based ofiesforming
superalloys by limiting the volatilization of £; at elevated temperature. This was done here ab°C20
temperature high enough to promote significant tildation of chromia, easy to characterize by thegravimetry
and to evidence a possible effect of titanium as phenomenon.



EXPERIMENTAL

A series of five cast nickel-based alloys, contajniirst chromium in rather high quantity to fav@rchromia-
forming behavior and second interdendritic chromicanbides themselves favorable to an easy suppbirye
oxidation front in Cr, were chosen to be sure flyeobtain a chromia-forming behavior. Indeedsiknown that Cr
diffuses easily in the austenitic nickel matrix, chueasier than in cobalt-based alloys for exam@kromium
diffusion is furthermore helped by the presencetosbmium carbides in the interdendritic spaceshHigough but
still moderate levels of titanium were consideredprder to favor the observation of the possitffeat of this
element but without risking disturbing the microstures of the model alloys. Three Ti-containingys were thus
prepared by casting: Ni-25Cr-0.25C-1Ti (“NiTil” @yf), Ni-25Cr-0.50C-1Ti (“NiTi2-1" alloy) and Ni-25(0.50C-
2Ti (“NiTi2-2" alloy). There were produced by melf in inert atmosphere (300 mbars of pure Ar) bingisa
CELES high frequency induction furnace. The meltiiggach mix of pure elements (Ni, Cr, Ti: from &lAesar,
purtity > 99.9%, and C: graphite, purity > 99.99Js achieved in the water-cooled copper cruciblieffurnace.
After heating leading to total fusion, the liquitbg was isothermally maintained during five minsit&olidification
and cooling down to ambient temperature were aardet in the copper crucible. For evidencing thegide
effects of the presence of titanium two refereniokel-based Ti-free alloys with the same amount£inand C
were synthesized in parallel (Ni-25Cr-0.25C, “Nidlloy, and Ni-25Cr-0.50C, “Ni2” alloy), followinghte same
elaboration procedure.

Five compact 40g-weighing ingots were thus obtairiHtey were cut for obtaining samples of two types:
metallographic samples for the examination of tBecast microstructures, and parallelepiped samfgeghe
oxidation tests (approximate dimensions: 8mm x 8m8mn7). The samples for metallography examinations were
embedded in a cold resin mixture (resin CY230 «béaer HY956, ESCIL), and ground using SiC-enrichapers
with grade varying from 120 to 1200. After cleanumgjng ultrasonic vibrations in water, they werdigied using
textile containing 1pm-alumina particles, to obtaimirror-like state for all metallographic samptesallow their
examination using electron microscopy.

The parallelepiped samples destined to the theravagetric tests were polished with SiC-papers (t20200-
grit). Edges and corners were smoothed using 120@aper. A SETARAM TGA92 thermo-balance was usad
the oxidation runs for recording the mass variaivarsus time, in a 1.5L/hour flow of dry synthedic (80%N —
20%0,). The applied thermal cycle was composed of aitngait +20°C/min, an isothermal stage of 46h at0t20
and of a cooling rate at -5°C/min to favor the kagpof the external oxide scales. The mass gaés fivere first
plotted versus time to preliminarily see whether knetic is parabolic or not. The mass gain pefase unit area
(m) was thereafter plotted versus the square rbtitne to determine the parabolic constanbl¢ applying an usual
method. After having verified by X-ray diffractiothat the external oxide scales were mainly chronta,
volatilization rate was assessed, as well as a raccerate kp constant (not minimized by the votatilon of
chromia), by analyzing the mass gain files accardinthe {m x dm/dt = k— k, x m} method [15], where m is the
mass gain per surface unit area.

After the oxidation runs, the oxidized samples umeat metallographic characterization. This wasedfirst by
photographing the oxidized surfaces and measuhiadraction of surface where the external oxiddesoaviously
quitted the alloy, in order to characterize the ke of the oxide spallation when it occurredidgrcooling.
Second, X-Ray Diffraction (XRD) runs were perfonen the external oxide scales using a Philips X'Peo
diffractometer, for identifying the natures of theternal oxides still present on surface.

A thin gold layer was thereafter deposited all abthe oxidized samples by cathodic pulverizatfotiowed by
the electrolytic deposition of a nickel shell deaato the protection of the external oxide duringing. Cutting in
two parts, embedding in cold resin mixture and @jrig/polishing to obtain a mirror-like surface léal cross-
sectional samples ready to be examined by micrgscQfservations were done using electron microscopy
(Scanning Electron Microscope JEOL JSM 6010LA), BEndrgy Dispersion Spectrometry (EDS apparatustetth
to the SEM).

RESULTS

Chemical Compositions and Microstructur e of the Studied Alloys

The chemical compositions of all the five alloyg g@iven in Table 1. The wished contents in Cr anwvére
successfully reached, despite the high reactiviitgroand especially Ti. However a few titanium aegd nitrides and
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carbo-nitrides, identified by EDS spot analysis piresent in the Ti-containing alloys, as illustchte Figure 1 by
SEM/BSE micrographs. In these ones one can seethbanicrostructures of the titanium-containingogd are
composed of an austenitic dendritic matrix of nidkesed solid solution (containing about 23 wt.%Gr the
0.25C-containing alloy, and around 21.5 wt.%Cr floe two 0.50C-containing alloys) in which almost thle
titanium atoms are present in solid solution, ahtherdendritic chromium carbides which were idgetl by spot
EDS analysis as being k.

Mass gain kinetics

The obtained mass gain curves are plotted in Figuoe the two 0.25wt.%C-containing alloys (Nil aNril)
and in Figure 3 for the three 0.50wt.%C-containores (Ni2, NiTi2-1 and NiTi2-2 alloys). All the magain
curves are globally parabolic and the determinatibthe classical kvalues did not pose any problem. Since the
external oxide scales were essentially composezhfmia, as this will be evidenced further, the sngain files
were also plot as m x dm/dt versus — m in ordeddtermine the values of the two constants desgyiltire
oxidation kinetic. This was remarkably successfiuts the {m x dm/dt versus — m} plots led to lingearts (top of
Figure 4 for the NiTil alloy, Figure 5 for NiTi2-&4nd Figure 6 for NiTi2-2), the equations of whidtowed
determining the values of the volatilization coms$téslope of the regression straight line) and réned parabolic
constant (ordinate at the origin). The linearcknstant characterizing the rate of volatilizat@irchromia, and the
real parabolic kconstant (not underestimated since the mass osBromium by leaving Cr{is then taken into
account) were then determined (Table 2). As ilatsil by the graphs presented in the bottom pattsedfigures 4,

5 and 6, these values were validated by the vepd gmrrespondence between the theoretic mass gaesc
calculated from these values gfand k (green curves) and the experimental mass gairesyisack curves). The
theoretic curves plotted with the conventionallyedmined k (red curves) do not match so exactly. Additionally
the linear constant, kassociated to the transient oxidation at the lméigin of the isothermal stage was also
determined (on the classical m= f(t) plot).

The three Ti-containing alloys oxidized faster thie two Ti-free alloys. This is graphically visgbland
confirmed by the values of the parabolic constartsthermore, the volatilization constants deteedifor the Ti-
containing alloys seem to be globally higher thanthe Ti-free alloys (average kf 95 x 10°° g cm? s for the
Ti-containing alloys against 81 x 1bg cm? s* for the Ti-free ones).

Oxide spallation during cooling

After return at room temperature, it is obviousttb@ame of the oxidized Ti-containing samples has bnly
small parts of their external oxide scales, by carigon with the two ternary Ti-free alloys (Figute Since the Ti-
containing alloys did not lose anywhere their ex¢¢roxide scale on the whole thickness the metdhse was
visible and image analysis led to 0% of surfaceiralost the external oxide scale, even if it isviolis if some
small parts of oxide were lost. This is differeot the Ti-free alloys for which areas having Id=tit external oxide
were clearly visible: they represent (average \alfioe both main faces) 29% and 17% for the Nil K alloys
respectively.

The start of spallation during the cooling phase loa easily observed on the {mass versus tempeaturves.
Figure 8 (the two Ti-containing and Ti-free 0.25@xtaining alloys) and Figure 9 (the two Ti-contagpiand Ti-free
0.50C-containing alloys) show that spallation st@drt 688°C for the NiTil alloy (i.e. a little latdhan the Nil one:
832°C), at 702°C and 737°C for the NiTi2-1 and I2FPi alloys respectively (later than the Ni2 all@&L7°C). In
addition the mass variations along the whole thémryele were much more limited by comparison witle two
ternary alloys (for which the total mass variatismegative!).

Analysis of the exter nal oxides and of the subsurfaces

X-ray diffraction was carried out on the oxidizaatfaces of the five alloys (example of NiTil in Hig 10).
Unsurprisingly, chromia is present over all thedizéd surfaces but there is also a significantggres of TiQ. The
two oxides are shown in the cross-sectional SEM/B8&ographs given in Figure 11 for NiTil, and iiglre 12
for NiTi2-1 and NiTi2-2, and the results of the mesements of the oxide scale thickness or carbielefone depth
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are given in Table 3 (average and standard dewiaifofive values). It appears that all alloys aovered by a
continuous chromia layer (identified by EDS) whidems thicker for the Ti-containing alloys than thee Ti-free
ones. Indeed the chromia scales formed over theaNLNi2 alloys (around 22 pm) are 10um lower ttremones
formed over the NiTil, NiTi2-1 and NiTi2-2 alloyarpund 33um). The chromia scale was rather poroall cases
but maybe more for the Ti-containing alloys than thee Ti-free ones. In addition, for the Ti-coniamp alloys, a
seemingly continuous outer layer made of J@&ists and its thickness tends to increase wihrlitcontent in alloy
(around 3um for NiTil and NiTi2-1 against 5um faiTiR-2). This outer TiQ oxide scale seems having been lost
in some locations. This can be due to metallog@phéparation but it is also possible that part3i@f, were also
lost during the cooling, spallation detected on tbeoling part of the {m versus temperature}-plotted
thermogravimetry curves Figure 8 and Figure 9) wisible on the oxidized surfaces of the samplegufe 7).
Under the external scales carbides seemingly desapp from the oxidation front, over a depth whictower for
the 0.50C-containing alloys than for the 0.25C-agnihg ones. These carbide-free zones tend tolltteadeeper
for the Ti-free alloys than for the Ti-containinpgs for a given carbon content. As expected #w&yimpoverished
in Cr and Ti (the ternary alloys only in Cr), amidtrated by the concentration profiles given igufe 13 (0.25C-
containing alloys) and Figure 14 (0.50C-contairafigys). The titanium contents in the matrix are@ado 0 in the
extreme surface and they increase progressivelynwhe goes deeper, this evidencing the diffusiomi dbwards
the oxidation front. The same classical observatian be done for chromium. Globally the Cr-depletiegpths
correspond to the carbide-free zones while thaitita-depleted depths are more extended inwards.cameotice
that the Cr content in extreme surface tends tdobeer for the Ti-containing alloys than for the ffee ones,
demonstrating that the former ones seem beingttmed by the loss of the chromia-forming behaviant the
latter ones.

DISCUSSION

Despite its high reactivity with oxygen and nitragitanium was thus successfully introduced in ¢hbase
ternary alloys during conventional casting. Itrisetthat even pure argon may contain extremelydoantities of O
or N but high enough to allow Ti reacting with ther few titanium oxides, nitrides or carbo-nitrideere present
but they did not perturb the study. Titanium wams@dt exclusively present in solid solution withdatming
carbides, showing that TiC are less stable thaomnolum carbides in these nickel-based 25wt.%Cr-Goimig
alloys.

The isothermal oxidation kinetics of the three ®itaining alloys were of a parabolic type withoay gumps,
as the corresponding Ti-free ternary alloys. By parison by these latter ones the mass gains dfithentaining
alloys were significantly faster. This can be doettte participation of Ti in the formation of ox&l€TiO, both
internal and external), but it is also true tha #xternal chromia scales were thicker than forténeary alloys.
Furthermore chromia seemed more porous than the fonemed over the ternary alloys. The reasons e$d¢htwo
differences are not evident and needs to be dedpene

TiO, oxides formed internally and also externally. Téésond part of oxides is located outside and tatest a
thin layer which seems isolating chromia from hiot @nfortunately this TiQ@ external layer covering the chromia
scales obviously did not protect it from contacthwihe oxidizing atmosphere since the chromia iuation
constants of the Ti-containing alloys tend to bé Inaer but higher than for the Ti-free alloys.idttrue that the
outer TiG scale obviously contains defects (pores...) whicmdballow it totally isolating chromia from outsid
The chromia scales observed on the Ti-containimfases are thicker than the ones formed over tHee€i alloys,
not because lower volatilization rates but becafaster oxidation. This is confirmed by the consuomptof
chromium coming from the alloys which is greater tiee Ti-containing alloys than for the Ti-free shas proven
by the Cr profiles presented in Figure 13 and Fgid. Furthermore, the average Cr gradients inustdie are
higher for the Ti-containing alloys than for thefiée ones, this suggesting that, even if the finaks gain rates
were higher in the first case than in the secorskc&r diffused easier in absence of Ti in the ima8uch an
obstruction effect of the Cr diffusion due to Tiyrthreaten the chromia-forming behavior.

Thus, the presence of 1 or 2 wt.%Ti in the modedary alloys was rather detrimental for the higmperature
oxidation behavior of the alloys, but benefit wédserved concerning the maintenance of the extescaes over
the samples during the cooling: spallation staléer (i.e. at a lower temperature) during the pigsthermal stage
cooling and the final mass loss was much lower tbatthe Ti-free alloys. It is not really possititesay presently if
this due to the TiQouter oxide scale or to a possible pegging effect. very small particles involving Ti favoring



the adherence of chromia on the alloy). This pesithfluence of Ti can be of great importance isecaf thermal
cycling.

CONCLUSION

The presence of titanium in chromium-rich nickeséa alloys is not neutral for the oxidation behaebhigh
temperature. Here studied in the case of allogedan ternary alloys of the {Ni-25Cr-0.25 or 0.59pe, known
to be chromia-forming and well resistant againstiation in air even at very high temperatures, olearly saw
differences in terms of mass gain rates, oxidekttgss, subsurface Cr-depletion, resistance agsfradiation and
even of carbide-free depths. Globally Ti behavee las rather detrimental in isothermal conditiomd, an contrast,
as rather beneficial in varying temperature coodgi In contrast, with what was observed for thdrde alloys
(e.g. slower mass gain for 0.5wt.%C than for 0.2%@) it was also pointed out that the oxidationdebr of the
Ti-containing alloys did not globally depend on tb&bon content (except of course the carbide-fieggth, as
usually observed for carbides-containing cast a)oy

The reasons of these effects of titanium, to confior other temperatures and durations of oxidatiod other
cooling rates, will be deeper studied in futuregistigations.
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TABLE 1. Chemical compositions of the five nickel-basedyI(SEM/EDS measurements; +/- 1wt.%)

Elements Cr C Ti

Nil 25.1 +0.2 nominally 0.25 /
NiTil 25.4 +0.1 nominally 0.25 1.0+0.1

Ni2 25.2 +0.2 nominally 0.50 /
NiTi2-1 25.7 +0.1 nominally 0.50 1.1+0.1
NiTi2-2 25.5 +0.3 nominally 0.50 2.1+0.1

TABLE 2. Values of the linear constant kf the parabolic constant knd of the constant chromia volatilization
constant k the two later ones being derived from the m xdima/f(m) plots.

Constants k(x 10%g/cnf/s) k, (x 10% ¢ cm* 51 k, (x 10" %/cnfls)

method slope at stage start classic m x dm/dtr)f(- m x dm/dt = f(-m)
Nil 89 24 40 68
NiTil 34 51 86 110
Ni2 25 15 32 93
NiTi2-1 21 54 76 73
NiTi2-2 24 51 85 101

TABLE 3. Values of the linear constant kf the parabolic constang knd of the constant chromia volatilization
constant k the two later ones being derived from the m xdtm/f(m) plots.

Thicknesses or

depths (um) TiO, Cr,0O3 Carbide-free zone
Nil / 19.6 +2.1 181 +11
NiTil 3.5+0.3 32.8 +0.5 156 +8
Ni2 / 23.7+2.4 124 +9
NiTi2-1 2.3+0.3 32.9+1.8 123 +6
NiTi2-2 4.6 0.7 33.1+1.4 114 +3




NiTi2-1

BEC 20kV WD10mrn SS59 x500 50um BEC 20kV WD10mm SS59 x500
Ni25Cr0.25C1Ti as-cast | Ni25Cr0.50C1Ti as-cast

Ti(C,N) titanium
carbo-nitrides

Cr,GC,
carbides

BEC 20kV WD10mm SS59 x500 50pm
Ni25Cr0.50C2Ti as-cast

FIGURE 1. SEM/BSE micrographs of the as-cast microstrustofehe three Ti-containing Ni-based alloys
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FIGURE 4. Exploitation of the mas gain files recorded foe NiTil alloy;
A: Treatment according to the {m x dm/dt = Kp — K ¥mmethod;
B: test of the Kp value classically determined anthef(Kp, Kv)
couple of values issued from the treatment doneebo
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B: test of the Kp value classically determined anthef(Kp, Kv)
couple of values issued from the treatment doneebo
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FIGURE 7. Aspects of the oxidized alloys after return tormotemperature

13



0.005

0.004 - :
; L/ & cooling ¢

0.003 r——,
spallation start - /'

sothermal

~ 0.002
£
= 0.001 /
o9 0.
S 0 -> heating >
E v 1 1 1
= 0 50 1000 1500
> -0.001 . .
a —Ni-25Cr-0.25C-1Ti
£ -0.002
=Ni-25Cr-0.25C
-0.003 /
-0.004
temperature (°C)
-0.005

FIGURE 8. {m versus temperature} plot of the mass gairsfiier evidencing the start of spallation during loup
(here: the two 0.25C-containing alloys)

14



0.005

0.004
— spallation start | € cooling ¢
€ 0.003 .
~ e==Ni-25Cr-0.50C-2Ti ©
Y N =
S —Ni-25Cr-0.50C-1Ti ]
£ 0.002 i 2
‘= =Ni-25Cr-0.50C o
m '
>
A
o 0.001
€

-» heating -
0 - |
( 1500
temperature (°C
-0.001 P (*C))

FIGURE 9. {m versus temperature} plot of the mass gairsffie evidencing the start of spallation duringlowp
(here: the two 0.25C-containing alloys)

15



5000

4000

w
[=]
o
o

Lin (Counts)

2000

1000

E ~

. Q

N -

. o

- o 3

i Lj EN

E O

: on

- @)

] -

N o
E c:sn (-) (82} ™M (:zq
. o Q, Q, S
_ Q — o O

| T < N

1 o N ©

] = ®)

E i—
JMMWMMM“MA‘“J—M M |

10 20 30 40 50 60

2-Theta - Scale

FIGURE 10. Diffractogram of the NiTil alloy after 46h of aktion at 1200°C (other peaks: matrix)

70

16



- . N imea
3 e

Carbide- | L ; Carbide-
free zone ( - free zone

- by / i
BEC 20kV  WD10mm SS54 x250 100pm  =— BEC 20kV WD10mm SS54 x250 100pm
Ni-25Cr-0.25C 46h 1200C Ni-25Cr-0,25C-1Ti 46h 1200C

Cr,0;

< -
o

BEC 20kV WD10mm SS54 X1,000  10pm  — BEC 20kV WD10mm SS54 x1,000  10pm  —

Ni-25Cr-0.25C 46h 1200C Ni-25Cr-0,25C-1Ti 46h 1200C

FIGURE 11. SEM/BSE micrograph of the oxidized surface ofltti and NiTil alloys with the oxide

identification
Pl 2 2 e " 5
Carbide- G | - Carbide-
free zone - A A . free zone
: 3 AN R &l
: o o ) Ko\ r'\

BEC 20kV WD10mm SS54 X250 100pm
Ni-25Cr-0,50C-1Ti 46h 1200C

BEC 20kV WD10mm SS54 BEC 20kV WD10mm SS54 X250 100pm

Ni-25Cr-0,50C-2Ti 46h 1200C

Ni-25Cr-0.50C 46h 1200C

NiTi2-1

BEC 20kV WD10mm SS54 X1,000  10pm  — BEC 20kV WD10mmSS54 x1,000  10pm BEC 20kV WD10mm SS54 x1,000  10um
Ni-25Cr-0.50C 46h 1200C Ni-25Cr-0.50C1Ti d46h 1200C Ni-25Cr-0,50C-2Ti 46h 1200C

FIGURE 12. SEM/BSE micrograph of the oxidized surface of &2, NiTi2-1 and NiTi2-2 alloys with the oxide
identification

17



N7

eemrnm gy E—

8

30

Ni-25Cr-0.25C-1Ti )
46h 1200°C profile 1 Ni-25Cr-0.25C 46h

1200°C profile 1
25
/ —-N A

Yl ;

N
[}

\
)
;

weight contents (wt.%)
&

weight contents (wt.%)
=
(&)

——0
10 - i
carbide- " 10 carbide-
free zone free zone
5 5 ——
——Cr Cr
0 0 AN -
0 100 200 300 400 distance (um) 0 100 200 300 400 distance (um)

FIGURE 13. EDS concentration profiles in the subsurfacegazghe two 0.25C-containing alloys: NiTil (left)
and Nil (right)

18



L

NiTi2-1

NiTi2-2
30 v
Ni-25Cr-0.50C-1Ti Ni-25Cr-0.50C-2Ti
46h 1200°C profile 1 46h 1200°C profile 1
25 25
——N L ——N
S20 S20
z =
[%] 1%}
b4 ——0 =4 (o}
15 15 e
= =
o o
o o
% 10 % 10
= T Ti B " Ti
2 carbide- g carbide-
free zone free zone
5 5
——Cr ——Cr
0 v : 0 % v :
0 50 100 150 200 distance (um) 0 50 100 150 200 distance (um)

30 - — -
Ni-25Cr-0.50C 46h Sxa G
1200°C profile 1 3 5 Al

25 3 5 . .
- . . =

Ezow\//hﬂv N N ‘ EEEEEEEEEEEEEEEEEER

= ™ 8 9

£ 3

g1 = e

5 . =5 5

o =0 B ¢ 2

E10 3/ T \;‘:I

2 carbide- S N

free zone l
5 —Cr
Ni2
0
0 50 100 150

FIGURE 14. EDS concentration profiles in the subsurface;
case of the two 0.25C-containing alloys: NiTi2-dp(teft), NiTi2-2 (top right) and Ni2 (bottom)

19



