Vol.6 No.2

TRANSACTIONS OF NFsoc

Jun. 1996

“BUTTERFLY” PRECIPITATES IN ¢ -TiNj.53—> & -TiNg.s3
ORDERING TRANSFORMATION"

DuJun*#, Yang Gaiying* #, Portier R*, Shi Likai*
*  General Research Institute for Non-Ferrous Metals, Beijing 100088
# Ecole Nationale Superieure de Chimie de Paris, 75231 Paris, France

ABSTRACT The morphology of the hyperstoichiometric 8" -TiNy 55 long-range ordered precipitates during

& -TiNy s3> & TiNg 53 ordering transformation was investigated by transmission electron microscopy. It was

found for the first time that the 8 -TiN, 53 ordered precipitates present a "butterfly” microstructure, which is
3 P p P y

greatly similar to that found in some martensite transformations, but quite different from the general lamellar

microstructures observed in stoichiometric 6" -TiN; s and in many other cubic->tetragonal phase transforma-

tions. In general, & -TiNy s; precipitates consist of three ”butterfly” branches whose geometrical symmetry
axes are intersected one another at a common point, these "butterflies” are all formed by the three equivalent
orientation domains of the 8" -TiN, 53 and their growth directions are parallel to (111) directions of the d-

TI\IO 53 matrix.
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1 INTRODUCTION

Titanium nitride is a high melting point
compound with high resistance to wear and to
good thermodynamic and chemical
stabilities, thus making it a widely used coating

corroslion,

material in cutting tools and an ideal passive dif-
fusion barrier material in microelectronic device
applications!" 2l The disordered 8 -TiNx phase
of fec structure exhibits a large nonstoichiometry
with x varying from 0. 38 1o 1. 108, When
isothermally annealed below 800 C, the § -TiN,
phase of a composition in the vicinity of stoi-
chiometry ( x =0.50) will undergo an ordering
transformation: & -TiN, —> 8  -TiN,. The or-
dered 6" -TiN, phase presents a tetragonal struc-
ture with space group I4l/amd[4]. It is impor-
tant to note that a common feature of many such
cubic— tetragonal phase transformations is that
there always exist three equivalent orientations
for the new tetragonal phase, that is, with te-
tragonal distortions (i.e., ¢ axis) along [100],

[010] and[001] directions of the parent cubic

(5]

phase™’. This typical orientation relationship is
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responsible for the three equivalent orientation
domains of the 8" -TiN, phase during & -TiN,—
8" TiN, ordering transformation. In previous

work'®) it has been shown that the & -TiN,
phase usually exhibits a lamellar microstructure
formed by combination of any two of its three
ortentation domains, which is consistent with
many other cubic— tetragonal phase transforma-
1101S .

In this paper, we report for the first time a
new " butterfly” morphology of 8" -TiN, precipi-
tates with a hyperstoichiometric composition (.x
=0.53). In the general case, this kind of "but-
terfly” precipitation has only been observed in a
few martensite transformations, e.g. in Fe-Ni-C

and Fe-Ni-Cr-C Systems[7’ 8l

2 EXPERIMENTAL

Based on Joule effects, the 6" -TiN, parent
phase (x =0.53) was obtained by direct nitrida-
tion of titanium plates with a purity higher than
99.99% in high vacuum (10 > Pa) and at high
temperature (1440 + 10°C ), followed by high
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iemperature homogenization annealing a1 1 370
10T, for 500 . The & -TiNy 55 =~ & -TiNg ¢
disorder = order phase lransformation was real-
ized under the following vacoum annealing cundi-
tions: 10 ° Pa, 750°C and 11 k. TEM observa-
tions were carried vul using JEOL-Z000FX elec-
tron microscope with an acceleraung voliage of
200kV.

3 RESULTS AND DISCUSSION

Table 1 shows the orientation relalionships
ol the three crystallographically equivalent otien-
tation domains of 8" -TiNp s3 in relation 10 the
parent phase 8 -TiNg o, this is for the purpose
of easily analyzing and understanding 1he growih
features of 1he new 8 -TiNp s; phase from & -
TiNn 3] malTix.

Fig.1 shows the eleciron micrographs of 8-
Titly 3 ordered precipnates m & -TiNy s: ma-
irix. The incident electron beam was paraliel wo
the [ 122 ]y dircetion of the parent fie phase
{Here M is reletred 10 fre coordinate system of
the parent phase). Fig. 1{a) s a bright field im-
age; Fig. 1{b) and 1{¢) are 1two dark [licld im-
ages obtained by using superlaitice rellections
101 pl and 011 p2 belonging 1o g1 and p2 ori-
entation domains, respechively. As indicated by
the circles shown in Fig. 1{a), 1he precipitates,
beginning {from one point, are exiended in forms
of “bunterfly” along wome special crysiallographie
directions. It can be seen by inspection of the
onentation relationships between the three orien-
tation domains ( pl. p2. p3 ) and the 8-
TiNg «x mainix{ Table 1) tha the superlauice re-
[lections owing to pl, p2 and p3 can never ap-
pear simulianeously in the same diffraciion par-
tern'®!. However, p3 orientation demains could
be easily confirmed by comparson of the brigh
and dark [ield imagex for 1his panicular crysial
vrientation in Fig. 1. From the above micro-
graphs, the [ollowing general facis can be ex-
tracted:

(1) 8- TiNy gy precipnaes almost always
consist of three “butter(ly” branches whose geo-
melric svmmetry axes are inlersecled one another
and thar their growth directions are just along

Table 1  Orientation relationships belween
3- TiNn_j; and 3 - TiN, 55

el Pl r3

Lo, /1w l, 1000 1010, , [100]),4 (001,
(000 ], Z 1000 ], 0 |, T Sy . B0 7 1100],
POGL L A T000 ]y, 001 ), 71100 ], 100 ], 2 Tmn,

Fig.| Projected “butterfly” morphology
of 5~ TiN, .. precipitales
along | 122 |, direction
Cay—right Ticid image, (b)Y and () Tark
field inunzes wken mespeciively winh
gl — 1 p)and g2 = M1 2

superlintice meflecions
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their symmetry axes.

(2) For this particular crystal orientation,
the trace sections of the “butterflies” determined
from the micrographs, are parallel to [223 ]y
[132 ]y and [411 ]y directions of the 8- TiNy 53
matrix. Their angles are respectively: 112° for
[223 1y and [232 ]y, 124° for [223 ]y and
[411]y, 124° for [ZE]M and [ZIT]M

(3) Meanwhile, each “butterfly” is always
formed by the three equivalent orientation do-
mains of 6 -TiNp 53 in forms of lamellae. In
fact, pl and p2 types of domains appear in pair
along [ZIT]M direction with a habit plane of
(011)p, p2 and p3 along [223 ]y with a habit
plane of (110)y and p1 and p3 along [232]y
with a habit plane of (101)y. Exactly such a
lamellar structure is really coherent with that
found in stoichiometric 8- TiNj s phase!®.

(4) Finally, the width of the “butterfly”
decreases away from the intersected point along
the growing direction. This implies that, at the
first stage, 8- TiNy s3 phase is precipitated first-
ly at the intersected points as marked by circles
in Fig. 1(a), and then the precipitates continue
growing along the special directions mentioned
above, by way of combining any two of the three
orientation domains.

The following paragraph deals with the elu-
cidation of the growth directions of 6~ TiNy 53
“butterflies” with the help of stereographic pro-
jection. Fig.2 is the [122 Jy; stereographic pro-
jection showing the habit planes, trace directions
of the “butterflies” and projected directions of

(111} ;. It was noted that [8, 7, 11]y and
(8, 11, 7 lu, the projected directions of [111 ]y
and [111]y are located at the large circle as well
as [223]y, [232], and [ZII]M directions, and
that the angles betwen [8, 7, 11]y and [223 ]y
and between [8, 11, 1]y and [232 ]y are quite
small( < 2.7%). This may suggest that, consid-
ering the measurement accuracy on micrographs,
the growing directions of 8 -TiNj 537 butter-
flies” be along the (111)y directions of the par-
ent phase.

For further confirmation of the above resu-
Its , many TEM observations and analyses have

(1100w
8.7, 11] ;
L p2p3[111]

(8. 11, 7]
(1010w
plp3[111]

(011)n
p1p2111]

Fig.2 [122]y stereographic projection

been carried out, all showing the same. Here,
we take an example as given in Fig. 3, in which
the micrographs were taken with the incident
electron beam parallel to [ 112 ]y direction of the
8- TiNy s3 matrix. Fig.3(a) is a bright field im-
age; Fig.3(b) is a dark field image realized us-
ing 011 p1 superlattice reflection ( diffraction
pattern was embedded in Fig.3(b) only with the
superlattice reflections owing to pl orientation
domains excited in this crystal orientation) . Fig.
3(b) also indicates the three projected directions
of the “butterflies”: [ 111 ]y, [EII]M and
[131]y. Fig.4 shows the combination relation-
ship of the three orientation domains of 6" —
TiNy 53 and their habit planes.

It is seen from [IIE]M stereographic projec-
tion (Fig. 4) that [241 ]y and [421 ]y projec-
tions are parallel respectively to those of [111 ]y
and [TlI]M, and their angles with [1ﬁ]M and
[311 Jyy are all 9. 27°. The angle between
[111])y and [112]yis 19.47°. Therefore, it can
be concluded that 6~ TiNy 53 phase grows along
(111) y; directions of the parent phase.

4 CONCLUSIONS

(1) In contrast to the lamellar precipitate
morphology of stoichiometric 8- TiN, s and in
many other cubic— tetragonal phase transforma-
tions, hyper-stoichiometric ¢ -TiNy 53 precipita-
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241 pLp3

Fig.4 [112], stereographic projection

TiNg_ sz and their growth directions are parallel
to {111} directions of the & -TiN, g matrix.
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