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[ Abstract] To characterize the effects of alloying elements on inclusion dissolution of titanium nitride, the content pro-

files of elements around TiN/Ti boundary a phase regions in liquid titanium alloys have been experimentally carried out.

Four kinds of commercial alloys of CpTi, Ti64, Til7 and Ti6242 containing different o stabilizing or B-stabilizing ele-

ments are examined through artificially embedding the TiN sponge particle into liquid alloys in VAR conditions. The con-

tent profiles of nitrogen and alloying elements around TiN/ T i boundary were measured by WDX and microprobe for as cast

samples. The content profiles of nitrogen and alloying elements around N-containing solid in aT1i region of these alloys

show a common features of a steep change. In particular, the content profiles of elements for Ti16242 demonstrate unique

change of a more gentle change tendency and further deeper into the alloy matrix. The experiment results show that, the

differences among composite effects of alloying elements in different alloys within nitrogerr induced diffusion a region result

in different dissolution and diffusion behaviors to overcome the a phase region barriers.
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1 INTRODUCTION

The dissolution and removal of hard a inclusion
in liquid titanium alloys have been a concern in manu-
facture and research sectors. These inclusions mainly
consist of titanium nitride ( TiN) particles or other a

121 T eliminate these possible a

stabilizer elements
inclusions from the ingot, the processes such as Vacu-
um Arc Remelting (VAR) depend on particle dissolu-
tion within the resident time of these particles in the
molten ingot pool. To predict hard a inclusion sur-
vival, it is necessary to fully understand the effects of
the thermal environment (e. g. fluid-flow modeling)
on particle behavior for each process as well as to
characterize particle-dissolution rates in the hearth or
ingot environments.

There have been many modeling researches to
describe the heat transfer, fluid flow and dissolution
and diffusion of titanium nitride in the remelting pro-
cesses of titanium alloys'>™ ® . Bellot et al'? studied
the dissolution rates of TiN particle sponge and rods
in the molten titanium alloys, a numerical representa-
tion of the dissolution problem was developed. It is
also assumed that the dissolution of the nitrogerrsta
bilized inclusions occurs by nitrogen diffusion inside
the inclusion and in the boundary layer around the in-
clusion. Reddy'*! measured a dissolution rate for TiN

in Ti64 of 0. 004 cm/ min at 1923 K under static pool

conditions. Using these experimental values, survival
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of nitride particles in titanium has been modeled as a
function of particle density and diameter''. This
model assumes spherical shape and calculates terminal
floating or sinking rates based on a balance of drag
force with buoyancy force for the moving particle.
On the other hand, there are relatively few pub-
lications related to effects of alloying elements on ni
trogen diffusion and phase equilibria in the higher
component Trrich alloys. The TrN binary phase dia-
gram has

being widely investigated by re-

1791 " Yolton et all' presented the results

of a stepwise multiple linear regression analysis of the

searchers

effect of chemistry on the B transus temperature and
the C-curve nose time and temperature for a precipi-
tation, for the metastable B class of titanium alloys.
The majority of the alloys have compositions, which
are characteristic of lean metastable beta. The sys
tems TrAFN!" V-AFN, T+V-N'" N-TrV!"
in terms of previously assessed binary systems have
been also published. The phase equilibria in the qua
ternary system TrCuAFN, yielding the observation
of 18 four phase spaces of the 850 C isotherm has
been investigated by XRD,
EDX'"!. The phase diagram modeling for a variety
of titanium alloys TrAFV-O-(N, C) has been per

formed' ™! but with particular reference to the oxy-
gen. These models were combined with data for the
binary subsystems of TrAFV to predict the effect of
O on the B transus of a Ti64 alloy. Moreover, a

metallography and
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database, named TrDATA, for titanium-base alloys
for modeling software of Thermo-Calc was estab-
lished ', This TFDATA contains the follow ing ele
TrAFCrFeMo Nb-SrSo-Ta V-Zr-C-O-N-
B. The phases, which are included in this database,
are Liquid, bee ( B), hep (a), Laves. C14, Laves_
+ C15, TiFe_ B2, TisSiz, a-TizAl, TiB, MC_ car
bide, Ti3AlC and SiC. However, there is very little
information on o/ B compositions. Even though there

ments:

are nearly 30 commercial Trbase alloy systems in-
cluded in TTDATA, no more detailed database for
examining the effects of N on the phase equilibria of
these titanium alloys. In the liquid phase the O and N
interactions are included only for Ti due to the com-
plexities of fully modeling these elements in liquid
metals.

As one of a variety of approaches to characterize
the dissolution behaviors of titanium nitride inclusion
in liquid titanium alloys, the effects of alloying ele-
ments in various alloys on the content profiles of ni-
trogen as well as content profiles of alloying elements
themselves are experimentally investigated by artifi-
cially embedded nitride titanium sponge to liquid

CpTi, Ti64, Til7 and Ti6242 alloys.
2 EXPERIMENTAL

The sponge titanium nitride particle TiN is
Timet nitrided sponge (average content of N is 15%
in mass fraction) . CpTi, Ti64, Til7 and Ti6242 are
commercial alloys. The experiments are conducted in
VAR furnace with Ar atmosphere. All the furnace
parts are cooled with circulating water. The sponge
TiN particle is fastened to the end of a stainless rod
wrapped with tungsten wire and implanted at a sealed
hole, extending to the melting pool surface in a cop-
per crucible cooled with circulation water. The cham-
ber is filled with flowing Ar atmosphere. The melting
operation inside the furnace can be observed through
filtered lenses. A motor can move up and down to
control both the electrode and furnace cover. As long
as the alloys melting after ignition, the sample is
emerged to molten alloys for Smin, then power is
turned off and the samples are taken out once they are
cooled to ambient temperature. The samples are cut
into cubics for as cast analysis. The samples after
grinding, polishing and etching, were observed and
analyzed by SEM and WDX ( Wavelength Disperse X-
ray Spectrometry) to determine the content profiles of
elements around TiN/Ti matrix boundary while
WDX analysis mean was used to measure the concen-
tration of nitrogen profiles. The error for nitrogen
and that for alloying elements are 0. 25% and 0. 15%

in mass fraction respectively.
3 RESULTS AND DISCUSSION

3.1 Content profiles of elements

To compare the diffusion of nitrogen and alloying
elements in various alloys, the concentration profiles
of elements for ascast (1900 C) alloys are plotted
respectively. For any following figures, the zero point
of distance scale is microprobe starting point at TiN/
a interface along the matrix alloy. The concentration
profiles of nitrogen around a regions for CpTi and
Ti64 alloys are shown in Fig. 1.
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Fig. 1 Content profiles of nitrogen around
a area of as-cast CpTi and as cast Tr64 alloy

As shown in Fig. 1, for both alloys the nitrogen
contents increase and finally get to a highest value,
and then steep decrease is observed along the matrix
alloy. Moreover it is also obvious that the content
profile of nitrogen for CpTi shows a relatively gentle
decrease while that for Ti64 demonstrates a steep
change. This phenomenon implies that a wide a shell
region has formed around TiN/ aTi region induced by
the diffusion of nitrogen into matrix titanium, which
plays a role of a diffusion barrier.

In regard of the phase equilibrium associated
with this process, there are a lot of assessed works re-
garding TrN binary system'® ', The peritectic tem-
perature of TrN binary phase diagram assessed by

Wriedt and Murray'® is (20202%25) ‘C, but the

temperature determined by Ohtani and Hiller” is
1971 C. The phase change induced by nitrogen is
well represented by TrN binary phase diagram as
shown in Fig. 2. Moreover, it has been thermody-
namically examined that the titanium nitride particle
can not decompose at 1900 C in melting pool except
it floats to the superheat surfacel >

From view points of dissolution mechanisms of tr
tanium nitride, the defects of titanium nitride can be
classified as an aTTN solid solution. The light ele-
ment nitrogen takes up the interstitial sites of hcp,
a, bee and B phases, while heavy elements such as
Ti, Al, V take the substitutal sites''”'. Hence, the
diffusion of nitrogen behaves in a manner of intersti-
tial diffusion.
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Fig. 2 Assessed TN phase diagram (condensed system)!'®

During the dissolution process of titanium ni-
tride, the alloys solidify quickly due to the narrow
gap of liquidus and solidus line in Fig. 2; the dissolu-
tion of titanium nitride is determined by diffusion
mechanisms in melts and solidified a phase region. At
the steady state, the decrease of component activity
of TiN results in the further transport of nitrogen.

As a result of diffusion of interstitial element ni-
trogen, an intermediate shell layer —a region around
TiN/Ti boundary forms. The melting points of this
region increase with the increase of nitrogen. The dif-
fusions of elements are slowed due to the higher melt-
ing point feature. Simultaneously, liquid titanium to-
gether with alloying elements will infiltrate backw ard
into the porous ceramic sponge compact through the
intermediate phase change region. The efficient disso-
lution of titanium nitride sponge is more dependent on
enhancing the diffusion of nitrogen within a region
shell; In particular, the composite effects of alloying
elements in matrix alloys determine the features of in-
termediate alpha layers.

In Fig. 3, the curves indicate how the alloying
elements in matrix, Al and V for ascast Tr64 alloy
diffuse into a region while nitrogen diffuses. The nr
trogen profile is also plotted together for comparison.
The composite effects of Al and V as a stabilizing and
B stabilizing elements, retard the diffusion of nitro-
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Fig. 3 Content profiles of Al, V and N

of as-cast Tr64 around a region interface

gen and themselves in a region.

For Til7 alloy, the content profile of nitrogen is
demonstrated in Fig. 4 together with those profiles of
CpTi and Ti64 for comparisons. The steep change of
nitrogen content for Til7 around a region is also ob-
served. This implies that the alloying elements im-
pose similar effects on the behaviors of a phase re-
gions between the boundary of nitride sponge and tr
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Fig.4 Content profiles of nitrogen in
Til7 together with CpTi, Ti64 alloys

tanium matrix as Ti64 behaves. The content profiles
of alloying elements in Til7 are also plotted in Fig. 5
for comparison.
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Fig. 5 Content profiles of alloying elements
of as-cast Tr17 around a region interface

In particular, in the case of Tr6242, the con-
tent profile of nitrogen demonstrates much unique
features as shown in Fig. 6. The gentle decrease of
nitrogen along the matrix titanium shows different
behaviors from those discussed above. This implies
that, compared the cases in CpTi, Ti64 and Til7 al-
loys, the further into the titanium matrix the nitro-
gen diffuses from the a region boundary. Hence, un-
der the same operation conditions, the easier dissolu-
tion of titanium nitride inclusion could be expected.

As shown in Fig. 7, it is obviously noticed that
the contents of alloying elements of Ti6242 are much
higher than those of Ti64 and Til7 (in Fig.3 and
Fig.5). As described by Bewlay et al'®, for Ti6242
alloy, the matrix element infiltration to porous sponge
nitride particle has been apparently observed, which
reveals the beneficial promotion of diffusion by com-
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Fig. 6 Content profile of nitrogen in
T16242 together with CpTi, Ti64 and Til7 alloys
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Fig.7 Content profiles of alloying elements
of as cast Tr6242 around a region interface

posite effects of alloying elements of Ti6242.

3.2 Numerical identification approach

To identify the effects of each element in various
alloys on the phase change behaviors as well as the
contribution to the diffusions of nitrogen and alloying
elements themselves has been a challengeable ap-
proach. The detailed characterization of dissolution
and diffusion in this problem may depend on the un-
derstanding of fluid mass transfer in liquid alloys,
other than on the solid-state diffusion simulations.
The latter has being well established with the aid of
available or being developed computer programs like
ThermoCalc and DICTRA!'" . Bellot et al” devel
oped a numerical representation of the dissolution
problem including the transient diffusion of nitrogen
through intermediate solid phases. The second Fick
Law in the form of spherical coordinates was em-
ployed and the thermodynamic equilibrium at local in-



* ‘742 =

Trans. Nonferrous Met. Soc. China

Oct. 2001

terface was assumed. However, it seems that much
works to identify the contribution of each element to
the problem need to be done.

4 CONCLUSIONS

1) The phenomenal facts of content profiles of
nitrogen and alloying elements by experimentally em-
bedding nitrided particles in various titanium alloys
are presented.

2) The diffusion of nitrogen is retarded by com-
posite effects of alloy elements, particularly due to
some a stabilizing elements contained in alloys. The
typical tendencies of steep decrease of nitrogen around
a phase region are common for all of alloys while the
alloying elements within this region also behave rela
tively steep increase along into the matrix titanium.
The gentle change nitrogen profiles for Ti6242 imply
that the removal of nitride particle inclusion will be
more efficient than others in practical remelting pro-
cesses.

3) Though well observed experimental facts have
been obtained, due to the complexity of interaction
effects of alloying elements, the precise mechanism
interpretation such as the numerical characterization
needs to be further approached.

[ REFERENCES]

[1] van Den Avyle J A, Brooks J A, Powell A C. Reducing
defects in remelting processes for high- performance alloys
[J]. JOM, 1998, 50(3): 22.

[2] Mitchell A, Tripp D W. HID and HDI Dissolution dur-

Proc Titanium’ 92-
Science and T echnology [ C]. Froes F H, Caplan I. The
Minerals, Metals & Materials Society, 1993. 2257.

[3] Bellot J P, Foster B, Hans S, et al. Dissolution of hard

Metall

ing titanium melting processes [ A].

alpha inclusions in liquid titanium alloys [ J].
Mater Trans, 1997, 28B(6): 1001.
[4] Reddy R G. Kinetics of TiN dissolution in Ti alloys [ A].

[ 11]

[12]

[13]

[ 14]

[15]

[ 16]

[17]

Bakish R. Proc Electron Beam Melting and Refining:
State of the Art 1990 [ C]. Englewood, NJ, USA, Bak-

ish Materials Corp, 1990. 119.

Fanny D. Self and solute diffusion in titanium and titani-

um alloys [ A]. Proc of the Fourth Intl Conf on Titanium
[C]. Kyoto, Japan, 1980. 519- 528.

Bewlay B P, Gigliotti F X. Dissolution rate measure-

ments of TiN in Tr6242 [J]. Acta Mater, 1997, 45
(1) s 357

Palty A E, Margolin H, Nielsen J P. Titaniunr nitrogen

and titanium-boron systems [ J]. Trans ASM, 1954, 46:
312.

Wriedt H A, Murray J L. The N-Ti ( nitrogerr titanium)

system [ J]. Bulletin of Alloy Phase Diagrams, 1987, 8
(4): 378.

Ohtani H, Hillert M. A Thermodynamic assessment of
the Tr N system [J]. CALPHAD, 1990, 14(3): 289.
Yolton C F, Froes F H, Malone A F. Alloying element
effects in metastable beta titanium alloys [ J]. Metall

Trans, 1979A, 10A(1): 132.

Schuster J C, Bauer J. The ternary system titanium-a

luminum-nitrogen [ J]. J Solid Chem, 1984, 53: 260.
Guillou A, Bauer J, Debuigne J. On the ternary system

TrV-N[J]. Froes F H, Caplan I. Titanium’ 92-Sci
and Tech [ C]. The Mineral, Metals and M aterials,
1993. 747.

Enomoto M. The N-TrV system ( nitrogerr titanium-
vanadium) [ J]. J Phase Equilibrium, 1996, 17(3):
248.

Nuri Durlu, Uwe Gruber, Markus A, et al. Phases and
phase equilibria in the quaternary system TrCuw AFN at
850 C[]J]. Z Metallkd, 1997, 88(5): 390- 400.
Saunders N, Chandrasekaran L. Phase diagram model
ing for titanium alloys with light element impurities [ J] .
J Phase Equilibria, 1992, 13(6): 612.

Saunders N. Modeling of phase equilibria in Tralloys
[A]. Bleckinsop P, Evans W J, Flower H M. Titanr
um’ 95 Science and Technology [ C].
of Materials, 1996. 2167.

JIANG Chao, JIN Zharr peng. Computer program for e

London: Institute

quilibrium calculation and diffusion simulation [ J].

Trans Nonferrous Met Soc China, 2000, 10(2): 156.
(Edited by HE Xue feng)



