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Abstract

The interdiffusion reactions in the Ti/Inconel-600 system in the temperature range 973-1153 K have been investi-
gated by employing both the optical metallography and the electron probe microanalysis techniques. At 973 K the
reaction zone showed the presence of solid solution phases like Ni-based (Fe, Cr, Ti) phase and titanium-based solid
solution o-Ti. The two intermetallic phases, viz. TiNi(Fe, Cr) and Ti,Ni are also observed. At 1023 K the reaction zone
shows the formation of the two intermetallic phases, viz. TiNi(Fe, Cr) and Ti,Ni along with solid solution phases such
as Ni-based (Fe, Cr, Ti) phase and titanium-based solid solution B-Ti. At still higher temperatures (1073-1153 K),
however, along with the solid solution phases such as Ni-based (Fe, Cr, Ti) phase and titanium-based solid solution -
Ti only one intermetallic phase, TiNi; (Fe, Cr), is formed. The temperature dependence of the reaction constants, K,

m/ s'%, derived from the layer growth kinetics, can well be expressed as

for Ni-rich phase

K =3.06x 1075 exp(—262.16/RT), m/s"?
for TiNis(Fe, Cr)

K =349 x 1075 exp(—240.96/RT), m/s"?
for B-Ti

K =125%x10"° exp(—983.80/RT), m/s"*.

Here activation energy is expressed in kJ/mol. The interdiffusion parameters and the diffusion paths have also been
established by employing these data. © 2001 Elsevier Science B.V. All rights reserved.

1. Introduction

The nickel-based super alloys (Ni-Cr—Fe) find ex-
tensive use in high temperature (>1100 K) applications
in modern high-tech industries. Their superior strength
and better structural stability at elevated temperatures
are complemented by hot corrosion resistant properties.
These alloys generally contain alloying elements like Al,
Ti, etc. in substantial levels. The hardening of the matrix
caused due to the precipitation of coherent ordered fcc
v'-phase, Ni3 Ti (Al), contributes to the strength of the
alloy. Although under hot-corrosion conditions Ti is
more favoured over Al, excess titanium may give rise to
the formation of non-coherent-phase (Ti;Ni). Similarly
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with prolonged exposure to high temperatures, the in-
coherent secondary c-laves or p-phases may form. The
presence of these non-coherent phases is detrimental to
the structural as well as metallurgical stability of the
alloy. The interdiffusion at ambient temperatures plays a
major role in controlling the mechanical properties of
the component while in service. Therefore the study of
diffusion reaction mechanism and the layer growth ki-
netics of intermetallic compounds in diffusion bonded
couples are of both academic and technological impor-
tance. The interdiffusion studies in the binary Ti-Ni [1],
Ti-Fe [2] and Ti-Al [3] systems have been reported
earlier in the literature. The formation of various phases
and intermetallic compounds with a wide range of layer
growth kinetics have been observed in the investigations
of the diffusion zones of these couples. To our knowl-
edge no interdiffusion studies on Inconel with Ti have
been reported so far in the literature. This paper reports
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the systematic metallographic and electron probe micro-
analytical investigations on the interdiffusion reactions
in the Ti/Inconel-600 system in the temperature range
between 973 and 1153 K.

2. Experimental

2.1. Material selection and preparation of diffusion
couples

The coarse grained rectangular pieces of pure
(>98.99%) Ti and commercial grade Inconel-600
(76%Ni, 16%Cr and 8%Fe), approximately 10 mm x
10 mm x 8§ mm in dimensions are employed in making
butt-type diffusion couples. After grinding on successive
grade emery papers, these pieces are finally polished on a
wheel lapped with 1 pm alumina powder suspended in
water to give plane surfaces with good metallographic
finish. The diffusion couples are made by putting the
polished surfaces together under pressure (~6.89 MPa)
in a die and heating them at a temperature of 973 K for
30 min in a vacuum (>10~> mm of Hg). These couples
are sealed in the quartz capsules filled with helium (~101
kPa) and diffusion annealed in a preheated resistance
furnace in the temperature range between 973 and 1153
K for the duration of 100 h. The temperature of the
furnace is controlled within +1 K.

2.2. EPMA and metallographic analysis

The diffusion annealed couples are cut across the
interface parallel to the diffusion direction and are pre-
pared for metallography and electron probe microanal-
ysis. The specimens are ground on a successive grade
emery papers and polished on a wheel lapped with 1 pm
diamond/0.5 pm alumina slurry to get good metallo-
graphic finish.

2.2.1. Elemental analysis by EPMA

The polished and unetched diffusion couples are
analysed to get concentration penetration profiles of
various elements by employing the CAMEBAX electron
probe micro-analyser (EPMA) in a wavelength disper-
sive mode. The EPMA is operated with a stabilised
beam current of 100 nA at 15 kV accelerating voltage.
The intensities of FeKa, NiKa, CrKa, and TiKa radi-
ations are recorded by diffracting respective character-
istic X-rays with the help of a LiF crystal. The raw
intensity data are generated by scanning the couple
across the diffusion zone. The X-ray intensity ratios (k-
ratios) are derived by dividing the raw intensity values
by the intensity obtained from the respective pure metal
standards. These k-ratios are corrected for atomic
number (Z), atomic absorption (A) and fluorescence (F)
effects to get the true compositions by using standard

ZAF correction software. Depending on the width of the
diffusion zone, the measurements are carried out in the
pre-chosen steps.

2.2.2. The optical metallography

Metallographic techniques are used in determining
the number of phases formed as a function of temper-
ature. The polished surfaces are etched by using (HF:
HNO;:Glycerol::1:1:2) etchant to reveal the micro-
structure of the reacted diffusion zone after electro-
etching the Inconel side of the couple by 1 M oxalic acid
solution with a current density of 1 A/cmz. The layer
thickness measurements are carried out by using both a
calibrated Fehller eye piece and the EPMA profiles.

3. Diffusion data analysis

In a ternary metallic system with limited terminal
solid solubility, intermediate phases do form in the dif-
fusion zone. Jan et al. [4] have described the unidirec-
tional growth of n-phases in a semi-infinite, ternary
diffusion couple. They have derived the interdiffusion
coefficients in these phases from the knowledge of the
layer growth kinetics and the corresponding concentra-
tion profiles across the phases in the diffusion zone. Fig.
1 shows the schematic concentration profile across the
diffusion zone for the elements 1 and 2 in a 1-2-3 ter-
nary system having o and vy as solid solutions and f as an
intermediate phase. The movement of an interface and
hence the growth of an intermediate phase is governed
by the net mass transfer across the interface [5,6].
Therefore, the growth of B-phase is controlled by the net
diffusion flux of the element across the o/f and B/y
interfaces. The migration rate of the interface (¢*?) will
depend upon the difference in the flux (J*P —JP), and
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Fig. 1. The schematic concentration profile and the position of
interfaces across the intermediate B-phase in 1,2,3 ternary
couple.
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the concentration gap (C*# — CP*) at the interface. If
the elemental concentrations of 1 and 2 are taken as
independent variables, then the rate of migration of an
interface can be written as

APy /de = [P = IP /(P = )] ()

with i = 1,2. The diffusion fluxes, J;s in o and 3 phases
are related to the ternary diffusion coefficients, D;;s and
D;s and can be expressed in terms of the Fick’s law as

I = (D% (¢, /ox)*P + D2 (dc; fox) P, (2)
JP* = —[(Df(c; /ax)>™ + Db (3¢, /ax) ], (3)

where the concentration gradients (Oc;/0x) are taken at
the respective interfaces.
Substituting Eqs. (2) and (3) in Eq. (1)

d(e*hy/de = — {[Df‘;(ac,-/ax)w +Df§(6ci/ax)“=5]
~ D} 0 /20"* + Dl (Be, /20 /
(P — by, "

Now, on the application of the Boltzmann transforma-
tion [7,8], 4 = x/+/t and since the concentration at the
interface remains constant, dc/d/ at the interface is also
constant. Further assuming that all Dy are constant,
Eq. (4) can be written as

d(&)/dt = — [(Din}* + D)
— (Djy” + DEs /(CP = CP)VE - (5)
where 1, = /tdc, /Ox and n, = \/tdc,/0x. Eq. (5) on in-

tegration gives
&P = =2V (Dint® + Dny®)
— (Dl + Dy} (CF =€), (6)

Fig. 2 shows the formation of an intermediate phase ‘m’
which is bounded by (m — 1, m) and (m, m + 1) interfaces
in a multiphase ternary diffusion couple. For the mth
layer, therefore, Eq. (6) can be written as

rm Im_ 2\/‘{(Dm 1 m 1,m D;’; 17]’2n lm)

(Dm]1r1nm 1 +D:;nr2nm l)}/(clfnfl.m _ C;n,mfl).

™)

The migration of interface emm=1" can similarly, be ex-
pressed in terms of diffusivities and the concentration
gradients at the respective interfaces.

Now for the ease of calculations one can further as-
sume the absence of mutual interactions between the
diffusing species so that the cross-diffusion coefficients
(D12, Dy, etc.) are zero. In such conditions the position
of interface, &' in terms of element 1 (or element 2)
can be written as

A ]

s m-1 m m+1
o

£

c

[

Q

o

o

(]

m-1,m
g gm,mﬂ
Distance—--->

Fig. 2. Schematic formation of phase ‘m’ bounded by
(m —1,m) and (m,m + 1) interfaces in multiphase ternary dif-
fusion couple.

émfl,m _ _2\/Z(Dr1n1 Inrln lm rlnlrl;lnm 1)/(Cm Lm mm 1)

(8)
or
gvmfl.m — _2\/'(D;n2] m— lm mznglm 1)/( m Im ;nm—l).
©)

By employing Eq. (8) or (9), the interdiffusion coeffi-
cients can be obtained in multiphase ternary diffusion
system. While the values of #s are derived from the
knowledge of the rate growth kinetics (Eq. (10)), the
(cr=tm— ¢y s read directly from the respective
concentration profiles. The value of £"~"" is taken as the
displacement from the Matano interface [7,8].

4. Results and discussion
4.1. Metallographic and EPMA investigations

Figs. 3-8 show the optical micrographs of the reac-
tion zones and the corresponding concentration profiles
from the diffusion couples annealed in the temperature
range between 973 and 1153 K for the duration of 100 h.

Fig. 3 shows the micrograph of the couple annealed
at 973 K. It clearly shows the formation of nickel-rich
solid solution Ni—(Fe, Cr, Ti) phase, which appears as
the dark region (marked ‘a’) in the micrograph. The
formation of two intermetallic phases, viz. TiNi(Fe, Cr)
(marked ‘b’) and Ti,Ni (marked ‘¢’) is also revealed in
the micrograph. The concentration profiles, established
with the help of EPMA (Fig. 4) also indicate the for-
mation of these phases. Additionally it also shows the
formation of metastable o-Ti solid solution containing
5-25 at.%Ni. This phase could not be revealed by
metallography.
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Fig. 3. Micrograph of the diffusion zone of the couple annealed
at 973 K for 100 h in Ti/Inconel-600 system: (a) Ni—(Fe, Cr, Ti);
(b) TiNi(Fe, Cr); (c) Ti;Ni.
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Fig. 4. The concentration penetration profiles across the dif-
fusion zone for the couple annealed at 973 K for 100 h in Ti/
Inconel-600 system.

Fig. 5 shows the micrograph for the couple annealed
at 1023 K. It indicates the formation of nickel rich solid
solution (marked as ‘a’), B-Ti with 3-5 at.%Ni, (marked
as ‘d’) along with the intermetallic compounds, TiNi(Fe,
Cr) (marked as ‘b’) and Ti,Ni (marked as ‘c’). The
EPMA results (Fig. 6) also confirm the formation of
these compounds along with the solid solution phases in
the diffusion zone.

Fig. 7 shows the micrograph of the couple annealed
at 1073 K. It shows both the nickel rich (marked as ‘a’)

Fig. 5. Micrograph of the diffusion zone of the couple annealed
at 1023 K for 100 h in Ti/Inconel-600 system: (a) Ni—~(Fe, Cr,
Ti); (b) TiNi(Fe, Cr); (c) Ti,Ni; (d) B-Ti.
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Fig. 6. The concentration penetration profiles across the dif-
fusion zone for the couple annealed at 1023 K for 100 h in Ti/
Inconel-600 system.

and titanium rich (marked as ‘c’) solid solutions along
with only one intermetallic compound, viz. TiNi; (Fe,
Cr) (marked as ‘b’). The corresponding EPMA profiles
(Fig. 8) confirm the results. At still higher temperatures
(1133-1153 K), the morphology of the diffusion zone is
very similar to that observed at 1073 K except for the
difference in the phase width and in the width of diffu-
sion zones.

It is noticed that although very little or no Fe/Cr has
diffused towards the titanium side of the couple, the
substantial quantity (3-5 at.%) of Ni has diffused across
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Fig. 7. The micrograph of diffusion zone for the couple an-
nealed at 1073 K for 100 h in Ti/Inconel-600 system: (a) Ni—(Fe,
Cr, Ti); (b) TiNi; (Fe, Cr); (c) B-Ti.
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Fig. 8. The concentration penetration profiles across the dif-
fusion zone for the couple annealed at 1073 K for 100 h in Ti/
Inconel-600 system.

the zone to form B-Ti solid solution. Contrary to the
present investigations, the earlier studies on titanium/
stainless steel system [9] showed that iron from stainless
steel has diffused to form B-Ti solid solution with Fe.
The difference in the nature of the diffusion reaction may
be due to the fact that when the diffusivities are com-
parable (Dg./Dy; ~ 1) the flux of a specie depends upon
the concentration gradient. The latter in turn depends
upon the difference in the initial composition of the
components of the couple. Hence, in Ti/Inconel-600
system, nickel being a major component in Inconel-600,
initial difference in nickel concentration is more as

compare to iron and chromium. This must have caused
the formation of nickel-based solid solutions and com-
pounds in the reaction zone of this system.

4.2. Diffusion paths and the intermetallic phases in the
diffusion zone

The nature of the diffusion path in the single phase
region of a ternary system is generally S-shaped. The
extent of deviation from linearity depends upon the
relative magnitudes of the diffusion coefficient and
the activity of the diffusing species. The diffusion path
moves along the constant concentration lines of the
slowest moving specie [10]. Further, superimposing the
diffusion paths on the isotherm of the ternary system,
one can predict the formation of intermetallic phases
during the interdiffusion reaction. Similarly, the iso-
therm can also be constructed from the knowledge of
both interdiffusion reactions and the diffusion paths
representing the diffusion couple. The Ti/Inconel sys-
tem has four major diffusing species, viz. Ti, Ni, Fe and
Cr. It is very difficult to draw and illustrate the diffu-
sion paths in a quaternary system on two-dimensional
Cartesian co-ordinates. In the present studies, the
concentration of Cr remains more or less constant
(rather decreases very slowly) on the Inconel side of the
couple. In addition, the intermetallic phases TiNi (Fe,
Cr) and TiNi; (Fe, Cr) have a very low Cr content (<1
at.%). After taking into account all these observations
we have attempted to construct an isotherm based on
Ti-Fe—Ni as a ternary system by converting chromium
into an equivalent iron content. The effect of presence
of chromium on the diffusion reaction, if any is also
ignored.

The concentration profiles obtained from the diffu-
sion zones of the couples annealed in the temperature
range 973-1153 K are transformed on to the isotherm to
represent the ternary diffusion paths. The concentrations
of the phase boundaries are taken from the Ti-Ni-Fe
isotherm at 1173 K available in the literature [11]. Fig. 9
shows a typical diffusion path drawn by employing the
present diffusion data at 973 K. It follows the line A-B
in the nickel rich solid solution, C-D in TiNi(Fe), E-F
in TipNi and G-H in Ti-rich solid solution region. It
must be mentioned here that the isotherm at 973 K re-
ported earlier [11] does not show the formation of o-Ti
solid solution and the intermetallic phases TiNi(Fe) and
Ti,Ni. The diffusion path at 1023 K is similar to one at
973 K. These diffusion paths show the presence of Ti,Ni
and TiNi; (Fe) intermetallic phases along with the broad
region of nickel-rich solid solution. Similar diffusion
paths have also been established for higher tempera-
tures. These paths passed through the regions such as
nickel rich solid solution, TiNi; (Fe) phase and a B-Ti
solid solution as depicted in the isotherm at 1173 K.
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Fig. 9. Diffusion path through various phases (A-B in Ni-based
solid solution, C-D in TiNi(Fe), E-F in NiTi, and G-H in Ti-
based solid solution) for a couple annealed at 973 K for 100 h.

4.3. The layer growth kinetics

The layer growth thickness (X) of the various inter-
metallic phases in the diffusion zone of the couples an-
nealed can be represented by the relation

X =K', (10)

where K is the reaction constant, n, the reaction index
and ¢ is time of anneal. The reaction constant K follows
the temperature dependence given by the equation

Table 1

K =K, exp(—0,/RT). (11)

The layer growth thickness (X) of the various interme-
tallic phases in the diffusion zone of the couples an-
nealed isochronally at various temperatures can be
obtained by combining Egs. (10) and (11) and can be
represented by the relation

X = Ko exp(—Q,/RT)1"", (12)

where Kj is pre-exponential factor and Q, is the acti-
vation energy for the phase growth.

The layer growth data for various phases (Table 1)
show the linear relationship with reciprocal absolute
temperatures (Fig. 10). By assuming » = 2, the values of
0, (kJ/mol) and K, (m/s'?) for various phases are
evaluated. The temperature dependence of reaction
constants for various phases is expressed as

for Ni-rich solid solution phase,

K =3.06 x 1075 exp(—262.16/RT), m/s'* (13)
for TiNi; (Fe, Cr),

K =3.49 x 1075 exp(—240.96/RT), m/s"? (14)
for B-Ti,

K =125x 10" exp(—983.80/RT), m/s". (15)

These parabolic rate constants are employed in solving
Egs. (8) or (9) to obtain diffusion coefficient values in the
respective phases. As the limited data are available for

Interdiffusion coefficients and the phase widths of various intermetallic phases at various temperatures in Ti/Inconel system annealed

for 100 h

Temperature (K) Phase grown

Phase thickness (m x 10°)

Interdiffusion coefficients

DR (m?/s) Dig; (m?/s)

973 Ni-rich solid solution 15
TiNi (Fe, Cr) 18
Ti,Ni 6
o-Ti 15
1023 Ni-rich solid solution 20
TiNi (Fe, Cr) 10
Ti,Ni 12
B-Ti 178
1073 Ni-rich solid solution 15
TiNi; (Fe, Cr) 25
B-Ti 930
1113 Ni-rich solid solution 15
TiNi; (Fe, Cr) 30
B-Ti 1580
1153 Ni-rich solid solution 20
TiNi; (Fe, Cr) 40

B-Ti 6370

8.78 x 10717 1.28 x 10716
7.92 x 10716 6.75 x 10716
6.60 x 1071 8.22 x 10716
2.78 x 107 7.40 x 10718
4.70 x 10716 4.40 x 10716
490 x 1075 2.40 x 1071
1.44 x 107 1.44 x 107
1.05 x 10712 1.05 x 10712
1.77 x 1071 497 x 1074
1.37 x 1078 8.75 x 1071
1.16 x 10713 1.16 x 10713
2.83 x 1071 1.40 x 1071
2.53x 1071 422 x 1071
483 x 1078 4.80 x 10713
242 x 10712 1.03 x 1071
2.94 x 10712 490 x 1071
7.66 x 10712 7.66 x 10712
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Fig. 10. The temperature dependence of layer thickness of
various phases in Ti/Inconel-600 system.

TiNi(Fe, Cr) and Ti,Ni compounds, the reaction con-
stants are not evaluated in these compounds.

4.4. The interdiffusion coefficients

As discussed earlier (Section 3) the diffusivity values
DE\i, DY, etc. are evaluated by employing Egs. (8)
or (9). While the data for n values for various phases
are obtained from the temperature dependence of
K(= dx/\/t), the &-values (i.e. the positions from Mat-
ano-interfaces) and the concentrations at the interfaces,
are read directly from the respective concentration
profiles. The concentration profiles in the temperature
range 1023-1153 K do not show measurable penetration
of Fe into the titanium side of the couple indicating the
flux of the diffusing species in titanium to be negligibly
small. Hence, D53y, and DX, values in Ti are taken as
zero while evaluating the diffusivities in the adjoining
phases in the diffusion zone. In the case of o-Ti solid
solution, formed at 973 K, however, these values are
taken as the respective tracer diffusivities of Ni [12] and
Ti [13] in o-Ti. The diffusion coefficients in various
phases appeared in the diffusion zone of the couples
have been evaluated and are listed in Table 1.

As the ternary diffusion data in Ti-Ni-Fe are not
available in literature for comparison, we have adopted
the procedure established by Shunk and Tool [14] to
determine the diffusivity values in the limiting concen-

trations at the arms of the 1-2-3 ternary isotherm. That
is to say that when the solute concentration of the third
element becomes zero then the system becomes binary
and hence the values of ternary diffusion coefficients can
be compared with binary interdiffusion coefficients. In
the case of TiNi(Fe, Cr), TiNi; (Fe, Cr) and B-Ti, have
negligible concentration of Fe. Hence the ternary diffu-
sion coefficients DSy, in these phases should be com-
parable to that of binary Ti-Ni system. We have
calculated such interdiffusion coefficient values for the
limiting concentration of iron and they are listed in
Table 2 along with the available binary Ti-Ni interdif-
fusion coefficient values [1]. It can be seen that DI in
TiNi(Fe, Cr) and B-Ti are comparable to binary Ti-Ni
interdiffusion coefficient values. The binary interdiffu-
sion coefficients in TiNi; (Fe, Cr) are not available and
hence can not be compared.

The values of log of ternary diffusion coefficients are
plotted against the reciprocal of the diffusion annealing
temperature to establish the temperature dependence in
Fig. 11. The values of the interdiffusion parameters, viz.

te-14 - -
16-15 -
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Fig. 11. The temperature dependence of diffusion coefficients in
various phases in Ti/Inconel-600 system.

Table 2
Comparison of ternary diffusion coeflicient with binary diffusion coefficient in Ti/Inconel system
Temperature (K) Phase D (m?/s) D (Ti-Ni) (m?/s) References
973 TiNi(Fe, Cr) 7.92 x 10716 5.1x 1071 1
1023 TiNi(Fe, Cr) 49 x 1071 8.5x 1071 1]
1073 B-Ti 1.16 x 10713 6.21 x 10713 [12]
1113 B-Ti 4.83 x 1071 2.5 x 10712 m
1153 B-Ti 7.66 x 10712 32x 10712 1
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Table 3
Interdiffusion parameters for various phases in Ti/Inconel sys-
tem

Phase Diffusion coeff. Dy (m?/s) QO (kJ/mol)
Ni-rich solid ~ DEey, 1.02 x 10%  207.37
solution
D 1.97 x 109 155.42
TiNi; (Fe, Cr) DEy 175 x 10 171.84
DEe. 727 x 101 229.20
B-Ti DEE, 217 % 10°  235.52

DE 2.12 % 10 156.79

pre-exponential factor (Dy) and activation energy (Q)
for various diffusion coefficient values are computed by
using linear regression and are tabulated in Table 3. As
mentioned earlier the values of activation energies for
DE in TiNi(Fe,Cr), TiNi; (Fe,Cr), Ti,Ni and B-Ti
should be comparable to those of activation energies for
binary diffusion in the respective phases. The activation
energy value (156.79 kJ) for DX in B-Ti is comparable
with the value of 141.00 kJ reported for binary Ti-Ni
interdiffusion [1]. The activation energy for other phases
could not be compared due to the non-availability of
data in literature.

5. Summary

The experimental results on the reaction diffusion in
Ti/Inconel-600 system annealed in the temperature range
973-1153 K are summarised below:

1. In Ti/Inconel-600 system, two intermetallic phases,
viz. TiNi (Fe, Cr) and Ti,Ni along with the solid so-
lutions, viz. Ni (Fe, Cr, Ti), a-Ti and B-Ti form below
1073 K.

2. Above 1073 K phases formed at low temperature dis-
appear and only one intermetallic phase, TiNiz (Fe,
Cr) is found to grow along with the solid solutions.

3. The temperature dependence of the reaction con-
stants, K for various phases can be expressed by the
following Arrhenius relationships:

for Ni-rich solid solution phase,

K =3.06 x 107 exp(—262.16/RT), m/s"’
for TiNi; (Fe, Cr),

K =349 x 1075 exp(—240.96/RT), m/s"’
for B-Ti,

K=125%10" exp(—983.80/RT), m/s">.

4. The direct diffusion coefficients D55y, and DES; are in
the range 1077-107!2 m?/s in Ni-rich solid solution
and in the range 1073-107!2 m?/s in Ti-based solid
solution. The values of DX, and DX, in intermetallic
phases TiNi(Fe, Cr) and Ti2Ni are in the range
107110715 m?s and 107'*-1071* m?/s, respectively.
Similar values for intermetallic phase TiNi; (Fe, Cr)
are in the range 1071*-10712 m?/s.

5. The values of ternary diffusion coefficients in limiting
concentrations of Fe are comparable to those for bi-
nary diffusion coefficients in Ti—Ni System.

6. The temperature dependence of ternary diffusion co-
efficients can be described by using the Arrhenius re-
lationship. The values of pre-exponential factor Dy
and activation energy Q for B-Ti solid solution are
comparable to those for binary diffusion in Ti-Ni
System.
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