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Abstract. Due to their excellent complex of physical, chemical, and mechanical properties,
titanium alloys are unique materials for many branches of industry. An important feature of titanium
is its high reactivity concerning the interstitial chemical elements (oxygen, nitrogen, and carbon).
The absorption of interstitial elements by titanium alloys causes change in physical and mechanical
properties of alloys and articles which are made of them. It should be noted that the titanium alloys
are classified, in particular, by the compositions of their structures. Investigations of titanium alloys
of different structural compasitions will enable us to take into account the influence of their features
on the kinetics of their interaction with interstitial e ements.

Results of experimental investigations of the influence of a carbon-containing gaseous
medium on the kinetics of interaction of titanium alloys of different structural classes (a-, pseudo-a,
and (a+p)) are presented in this paper. It is established that the interaction at high temperatures
(T=750-850°C) of titanium alloys with rarefied carbon-containing gaseous medium
(Ar+16.7 % CsHg) under a pressure of P =0.116 Pa leads to the increase in mass of the specimens
according to alaw which is close to linear dependence on time.

Keywords: titanium alloy, reactivity, absorption, structural compasition, kinetics, interstitial
element, gaseous medium, specimen.

Introduction

During the whole history of application of titanium aloys, the increase in their production and in
volume of their application in different structures was more than once interrupted by sharp declines. The
reasons for this were related to untimely awareness of peculiarities of titanium which concern its high
reactivity concerning interstitial elements (oxygen, nitrogen, and carbon) [1-5], the solubility of which in
titanium matrix leads to solid-state hardening.

In titanium alloys, interstitial elements are always present, at least in inconsiderable concentrations
as impurities (undesirable substances). Therefore, the most important task of metallurgy of titanium was
the reduction of concentration of interstitial elements in the initial metal; this ensures the workability
(ductility, deformability, etc.) of semi-finished items made of titanium alloys. Nowadays, this task is
successfully fulfilled. Besides, alloying with oxygen (less than 0.2 %) is used in modern economically
aloyed titanium alloys [6]. At the same time, the solid-solution hardening of titanium alloys is a result of
their interaction with oxygen, nitrogen, carbon during technological or operational heating, during thermal
or chemical-thermal treatments. In these cases, there forms a surface diffusive (saturated with gas) layer of
a certain depth with gradient of concentration of interstitial elements. Since the layer which is saturated
with gas possesses higher hardness, it is also called a-layer or hardened layer; i.e. there we deal with a so-
called solid-solution hardening of near-surface layers of titanium alloys. The layer which is saturated with
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gas influences the operational properties of the article as a whole; therefore, when choosing regimes of
thermal treatment (temperature-temporal, gas-dynamic parameters of the medium), it is necessary to take
into account the interaction of titanium aloys with interstitial elements and to prognosticate the
consequences of their influence on operational properties of articles.

Problem for mulation

Theinteraction of titanium with interstitial e ements combines different processes and reactions both
in gaseous phase and at surface and in near-surface layer of metal: mass transfer in gaseous phase;
adsorption of gas molecules at the surface or their desorption; degradation of adsorbed molecules and
chemisorptions or recombination of adsorbed atoms into adsorbed molecules; transfer of adsorbed atoms
through the surface of the metal or transition of dissolved atoms into adsorbed state; diffusion of gas atoms
into the interior of the metal [7, 8]. With the exception of the second stage, each of the successive stages of
deepening of penetration can be controllable depending on the conditions of mass transfer in gaseous
phase, deepening on the state of the surface, on temperature and the distribution of the concentration of the
gas dissolved in the metal [8].

Analysis of moder n infor mation sour ces on the subject of the paper

According to the constitution diagram (phase diagram) of “titanium-carbon” system (Fig. 1) [9],
carbon is soluble in a- and -modifications of titanium in small amounts. The maximal solubility (Fig. 2)
of carbon in a-titanium amounts to 0.48+0.02 % in mass; and in -titanium it varies from 0.15 % in mass at
920 °C to 0.86 % in mass at 1750 °C [10]. However, under the pressure of oxygen and nitrogen in the
system, its solubility increases [12]. Increasing the temperature of polymorphic transition of titanium to
920 °C, carbon somewhat extends the domain of a-phase, since carbon is such an element which is o
stabilizer.
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Fig. 2. Fragment of “ titanium-carbon”

Fig. 1. “ Titanium-carbon” congtitution diagram [ 9] constitution diagram [ 10]

Atoms of carbon take their places in octahedral cavities of hexagonal close-packed lattice of
a-titanium, and they form with a-titanium only one kind of carbide phase — TiC monocarbide, which is
characterized by vast region of homogeneity (from 11 to 20% at. or 33 to 50 % at. at peritectical
temperature). The presence of such aregion is determined, in majority of cases, by defects of carbon sub-
lattice. Under stoichiometric composition, the titanium carbide contains 13 to 20 % in mass. % (37 to 50 at. %)
of titanium [9, 10] and possesses high melting temperature (from 2940 to 3250 °C) [11]. Usually, in TiC
phase ideal stoichiometry is not observed. When crystallized into cubic system, titanium carbide is of face-
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centered cubic lattice (like NaCl) with the lattice period of a =0.4319-0.4328 nm [11, 12]. Carbon
increases the periods of lattice of the solid solution on the basis of a-phase of titanium, the period ¢ being
increased more than the period a [13].

The rates of formation and growth of carbide layers, as well as the compositions of their phases
and their structures, are determined by the composition of the saturating medium, by activity of the
latter, by temperature and duration of the saturating. The formation of carbide coating on titanium
proceeds by way of formation of solid solution, i.e. according to the constitution diagram. This is related
to the relationship of activation energies of the processes, because the activation energy of carbon
diffusion in titanium with formation of solid solution in considerably less than that with formation if TiC
carbide [14]. Since the crystal lattice of TiC carbide belongs to highly symmetric cubic lattices, for
which there is a lack of predominant crystallographic directions, the rates of diffusion through all
carbide layers is, practically, equal in the all the directions, and they depends only on the gradient of
concentration. Since the latter is directed to the bulk of matrix, the stream of carbon atoms at all points
of the formed carbide is uniformly distribution and directed to the matrix up to the boundary between
phases; at the interphase boundary, there proceeds the reaction of carbide formation. This, in its turn,
causes frontal growth of the layer, approximately uniform its thickness and relatively straight-lined
boundary which divides phases [11, 15 and 16].

The thickness of carbon layers on titanium alloys is determined by not only activity of the medium,
but also by the diffusive mobility of atoms of titanium and carbon [17]. In titanium carbide, the coefficient
of diffusion of titanium is approximately by four decimal orders less than the coefficient of diffusion of
carbon. The activation energy of self-diffusion of carbon in carbide increases with the increase in
defectiveness in the carbide with respect to carbon; while the activation energy of titanium sdf-diffusionin
TiC is of one and the same value for of compositions; i.e. it does not depend on the defectiveness of carbon
sub-lattice, because atoms of metal diffuse only over vacancies of their own sub-lattice[17, 18].

The change in concentration of carbon in titanium-carbide over the whole region of homogeneity
influences its properties; they depend on the non-metal (carbon) to metal (titanium) ratio and on the
concentration of vacancies[9, 11, and 18].

It is also necessary to note that, due to the difference between the atomic radii of the interstitial
elements (0.077 nm for carbon, 0.075 nm for nitrogen, and 0.73 nm for oxygen), the modification of
titanium with carbon, as compared to modification with nitrogen and to modification with oxygen, causes
greater effect of surface hardening. The maximal surface microhardness which can be attained by means of
carburizing, nitriding, and oxidation amounts to 32, 20, and 10 GPa, respectivey; while for not-treated
titanium it amounts to 3-4 GPa[16, 17, and 20]. However, due to poor solubility of carbon in titanium, as
compared to nitrogen and, especially, oxygen, the diffusive layer after carburizing is not deep. Therefore,
carbide coatings are characterized by sharp gradients of properties when passing through boundary
between the matrix and the coating [21-23].

Statement of purpose and problems of research

Theaim of this work is to establish the main laws of high-temperature interaction of titanium alloys
of different structural compositions with carbon-containing gaseous medium.

Experimental procedure and results

It is know that titanium alloys are classified by their purpose, properties, and structural compositions
[24]. Investigation of titanium alloys of different structural compositions will enable us to research in
details the influence of structural peculiarities on formation of solid-solution hardening (strengthening) of
near-surface layers. Therefore, there were investigated samples of a-, pseudo-a-, and (a+p)-classes, the
chemical composition of which is given in Table 1, in order to estimate the influence of the alloy's
structure upon the character of interaction with carbon-containing medium.

The a-alloys of titanium are those the structure of which after deformation and after subsequent
annealing is a-phase. The a-alloys may contain Al, Sn, and Zr as alloying elements. The representatives of
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this class of alloys are industrially (commercially) pure BT 1-0, the amount of impurities in which is within
the range of their solubility in a-phase, and the alloys BT5-16 IIT-7M [24]. The advantages of a-alloys are
their good weldability, good foundry properties, absence of cold brittleness, high resistance to creeping,
high thermal stability (absence of embrittlement after aging under stress), and moderate strength with
satisfactory ductility.

Table 1
Chemical compositions of industrial titanium alloys (TOCT 1980-91), mass %
. Impurities, no more than

Alloy Alloying e ements C = S 0 N 5
BT1-0 - 0.07 | 020 | 010 | 0.12 | 0.04 0.01
BT5-1 5.0Al 0.10 | 0.30 | 0.12 | 0.20 | 0.015 | 0.015
[T-7™M 1.8-25Al;2.0-3,0zr 0,10 | 0.25 | 0.12 | 0.15 | 0.04 | 0.006
0T4-1 3.5-5.0 Al; 0.8-2.0 Mn 0,10 | 030 | 015 | 0.15 ( 0.05 | 0.012
BT14 3.5-6.3Al; 25-3.8 Mo; 0.9-1.9V 0,10 | 030 | 0.15 | 0.15 | 0.05 | 0.015
BT19 2.5-35Al; 5,0-6.0 Mo; 4.0-5.0 Cr; 0.5-1.5 zr 010 030 | 015 0.15 | 0.05 | 0.015

The pseudo-a- aloy OT4-1 is an aloy on the basis of a-titanium which in its stable state contains
2-6 % of B-phase [24]. The amount of B-phase in pseudo-a-alloys is such that they, besides all the main
properties and advantages of single-phase a-alloys, possesses also some mew good qualities which
distinguish the alloys of this class from a-alloys. These alloys practically do not accept hardening
(strengthening) thermal treatment.

The two-phase (o+p)-alloys of martensite type contain considerable amount of pB-stabilizing
elements (from 5 to 25 % of B-phase) in their stable state, but not more than critical concentration. The
aloy BT14 beongsto this group of aloys.

The aloy BT19 of Ti-Al-V-Mo-Zr system, whose coefficient of B-stabilization is 1.45 ([MQ]
equivalent =17.2 %), possesses a good complex of technological and mechanical properties. It is rather
adaptable both to hot working and clod plastic working. When in hardened (strengthened) and annealed
state, it does not possess high strength. In the course of aging, its properties of strength can be considerably
heightened: up to s = 1550-1700 MPa, d = 3-6 %.

After their manufacturing, the specimens for formation of initial phase-structural state (relief of
residual stresses, removal of hydrogen, homogenization, and stabilization of structure) were annealed in
vacuum under the following regime: T =800 °C, t = 5 hours, P = 0.005 mPa, | = 0.1 mPa-dm®s™. In their
initial state, the strength and ductility of their investigated alloy werethe following: BT1-0 —s = 450 MPa,
d=27%; BT5 — s =895 MPa, d=20%; IIT-7M — s =550 MPa, d=24%; OT4-1 — s =655 MPa,
d=21.5%.

For thermal treatment of titanium alloys, the plant for annealing in vacuum and in controllable
gaseous media which had been developed in Karpenko Physico-Mechanical institute of the NAS of
Ukraine was used. As the carbureting medium, there was used a mixture of argon and propane. The
propane content amounted to 16.7 % by volume.

The scheme of the regime of carbureting the titanium alloys is presented in Fig. 3. The specimens of
titanium alloys were heated in vacuum of 26.6 mPA to the temperature of saturation; upon reaching the
temperature of saturation (T = 750 °C, 800 °C, 850 °C), the gas mixture (Ar + 16.7 %CzHg) was fed into
the reaction chamber, the pressure of which is kept at the level of P (Ar + C3Hg) =0.106 Pa at the expense
of continuous its feeding (inflow); the partial pressure Pcsyg Of propane amounted to 18 mPa. The constant
concentration of saturating component (CsHg) was being ensured by continuous supply of carbon-
containing gas mixture. On termination of saturating holding, whose duration t = 1-5 hours, the chamber
was evacuated, and the specimens were cooled together with the furnace. After the cooling, the reaction
chamber was dehermetized, and the specimens were taken out for further researches.
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Fig. 3. Scheme of regime of carburization of titanium alloys
in rarefied gaseous medium (Ar + 16.7 % C3Hg)
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During high-temperature interaction of titanium alloys with technological media which can contain
oxygen, nitrogen, and carbon, there takes place (according to the thermochemical calculations) the
predomination (over interaction with carbon and formation of titanium carbide) of processes of oxidation
and nitriding of titanium (Fig. 4, a); even under reduction of pressure of gaseous components of the
medium, oxidation and nitriding predominate (Fig. 4, b). Therefore, for interaction of titanium alloys
predominantly with carbon, we have chosen oxygen- and nitrogen-free gaseous medium consisting of
argon and propane (CsHg). Since the energy of formation of interstitial solid solution is somewhat greater
than that of formation of the corresponding compounds, in order to decelerate the kinetic factor and for
domination of formation of diffusion layer (solid solution) of carbon in titanium, we saturated the titanium
aloys in rarefied stream of (Ar + 16.7 %CsHg) gas mixture with the pressure of P =0.106 Pa at
temperatures of T =750 °C, 800 °C, and 850 °C for 1 hour, 3 hours, and 5 hours.
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Fig. 4. Isobaric-isothermal potential of chemical compounds formation depending on (a) temperature
at normal pressure and (b) on pressure of gaseous mediumat T = 750 °C

Analysis of results of calculation of change isobaric-isothermal potential of formation of propane
from carbon and hydrogen indicate that heating the propane under normal (1 atm.) pressure causes its
degradation at temperatures of T >800 °C (Fig. 5 curve 1); and the reduction of its partial pressure to
Pcsns = 0.018 Pa, which is under the conditions of the experiment, leads to degradation of propane as early
asat atemperature of T > 320 °C (Fig. 5, curve 2).

With the increase in partial pressure of propane at the aforesaid temperatures, there is observed
formation of phase film of titanium carbide (TiC) at the surfaces of titanium alloys.

Kinetics of changein mass of the a-titanium alloys BT 1-0, BT5, and IIT-7M

In the course of interaction of a-titanium alloys with rarefied carbon-containing gaseous medium
under high temperatures (T = 750 °C, 800 °C, and 850 °C) for 1, 3, and 5 hours, the mass of the specimens
increases (Fig. 6).
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Analysis of gravimetric data which had been obtained by means of discrete gravimetry has indicated
that due to the treatment in argon-propane mixture at a pressure of P=0.106 Pa under different
temperatures the mass of the specimens of BT 1-0 alloy increases according to linear dependence (Fig. 6).
This dependence is valid when the rate of gas absorption is controlled by reaction at the interface of the
phases: this is possible if the rate of gas penetration through the metal surface is sufficiently high, for
example, under the absence of surface phase film or if thefilm is porous.
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Fig. 5. Dependence of isobaric-isothermal potential of propane formation
on temperatures at different pressures of propane: 1 — 10100 Pa; 2 —0.018 Pa

Thekinetics of saturation of BT5-1 alloy with carbon has considerable deviations from linearity. For
example, the values of mass-increase of BT5-1 alloy after its 5 hours exposure to carbon-containing
medium is two times less than that for BT1-0 alloy.

There is also deviation from linearity in the change of mass of specimens of TIT-7M alloy, but the
difference of the values of mass increase after 5-hour exposure as compared with BT5-1 alloys is less.
Such distinction can be accounted for by the influence of alloying elements on processes of absorption and

diffusion of carbon in these alloys.
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Fig. 6. Kinetics of change in mass (after treatment)
of the a-titanium alloys BT1-0 (a), BT5 (b),
and 7IT-7M (c) in carbon-contai ning gaseous medium

at different temperatures:

1-850°C,2-800°C,3-750°C
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The kinetic dependences of interaction of a-titanium alloy with argon-propane gas mixture at a residual
pressure of P =0.106 Pawithin 5-hour interval are satisfactorily described by the linear dependence:

AMS= (KPx 1 £ A), [ug/em?, (1)
where K is the coefficient of linear rate under constant pressure; t is the time (in hours); A is the
confidence interval with 0.98 probability.

The coefficient of linear rate under constant pressure (under isobaric conditions) of thermally active
process depends on the absolute temperature T according to the Arrhenius equation:

KP(T) = B x exp (-Ex/ RT ) = C, [mgrem?hour™], 2)
where B is the constant which depends on temperature; E.; is the total energy of activation of the process;
C is the confidence interval with 0.98 probability. The constants for formulas (1) and (2) as well as the
values of experimental energy of activation of process are presented in Table 2.

Table 2
Kinetic parameters of saturation with carbon for a-titanium alloys
under isobaric conditions of argon-propane gas mixture
For P=0.106 Pa
o According to Formula (1) According to Formula (2)
Alloy T, °C K A B E.o C
mgrem>hour™ mgrem? mgrem>hour™ Jmol™ mgrem>hour™

750 0.0097 0.0004

BT1-0 800 0.0172 0.0007 97.133x10° 137724 0.005
850 0.0412 0.0016
750 0.0146 0.0005

BT5-1 800 0.0097 0.0003 17.2x10° 2572 0.004
850 0.0152 0.0010
750 0.0260 0.0010

[T-7™M 800 0.0273 0.0008 359.5x10° 22550 0.001
850 0.0330 0.0011

The dissolution of carbon in near-surface layers of o—titanium alloys is accompanied by change in
their crystal lattices, which arerecorded by X-ray diffraction analysis (Table 3).

Table 3
Change of parameters of crystal lattice of the titanium alloys BT1-0 BT5-1, IIT7-M

Parameters of the lattice (A) for exposition at temperature T and duration t

Alloy Ps;?;?ieég Initial 750 °C 800 °C 850 °C
state | 1hour | 3hour | Shour | 1hour | Shour | Shour | Thour | 3hour | 5hour
a 2.9481 |2.9550(2.9511|2.9500 |2.9490 | 2.9495 | 2.9500 | 2.9500 | 2.9552 | 2.9565
BT1-0 c 4.6842 | 4.6950 | 4.6960 | 4.6970 | 4.6950 | 4.6980 | 4.6995 | 4.6875 | 4.6963 |4.6995
cla 1.5889 |1.5888|1.5913|1.5922 | 1.5921 | 1.5928 | 1.5931 | 1.5890 | 1.5892 | 1.5895
a 2.9286 |2.9353|2.9300|2.9308|2.9290 | 2.9334 | 2.9350 | 2.9340 | 2.9372 | 2.9380
BT5-1 c 4.6743 | 4.6863|4.6880 | 4.6912 | 4.6814 | 4.6914 | 4.6940 | 4.6870 | 4.6973 | 4.6976
cla 1.5961 | 1.5965 | 1.6000 | 1.6007 | 1.5983 | 1.5993 | 1.5993 | 1.5975 | 1.5992 | 1.5989
a 2.9484 | 2.9513|2.9468|2.9479 | 2.9485 | 2.9490 | 2.9500 | 2.9486 | 2.9488 | 2.9489
[T7-M c 4.6934 |4.6980 | 4.6982 | 4.6990 | 4.6950 | 4.6965 | 4.6995 | 4.6963 | 4.6980 |4.6983
cla 1.5918 |1.5918 | 1.5943 | 1.5940 | 1.5923 | 1.5926 | 1.5931 | 1.5927 | 1.5932 | 1.5932

Asit isindicated by the results, the deviation of the parameters a and ¢ of Hexagonal Close Packed
(HCP) lattice of a-titanium proceeds in different ways, but in any way the ratio c/a of axes increases, this
indicates the increase in amount of carbon dissolved in titanium [8].



36 Vasyl Trush, Alexander Luk' yanenko

Kinetics of changein mass of OT4-1 pseudo a-titanium alloy

The interaction of OT4-1 pseudo a-titanium alloy with a rarefied carbon containing gaseous medium
at high temperatures (T = 750, 800, and 850 °C) is accompanied by loss in mass of samples (specimens)
(Fig. 7), thisis accounted for by the sublimation of Mn in the rarefied dynamic gaseous medium.

The peculiarity is the fact that at the temperatures of T =750 and 800 °C thereis recorded loss of mass of
the samples (specimens) during their exposition in argon-propane mixture (Fig. 7); this indicates the fact thet the
decrease in mass caused by sublimation predominates its increase caused by saturation with carbon.
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Fig. 7. Kinetics of change in mass of specimens of OT4-1
titanium alloys in carbon-containing gaseous medium under
different temperatures. 1 —850°C, 2—-800°C, 3—-750°C

At the temperature of 850°C, the loss of mass took place during the heating of the specimens in
vacuum, and in argon-propane gas mixture there took place monotonous increase in mass of the
specimens; this indicates the prevailing of saturation with carbon over sublimation (of Mn).

Kinetics parameters of saturation of OT4-1 alloy with carbon under isobaric condition of rarefied
argon-propane gas mixture (Table 4) have been experimentally established. It should be noted that under
the chosen pressure of the saturation gaseous medium the dependence of the coefficient of linear rate under
constant pressure (under isobaric condition) on the absolute temperature T cannot be described by the

Arrhenius equation.

Table 4
Kinetics parameters of saturation with carbon for OT4-1 titanium
alloys under isobaric conditionsin argon-propane gas mixture
For P =0.106 Pa
Alloy T,°C According to Formula (1)
KP, mgrem®hour A, mgrem?

750 -0.0211 0.005
0T4-1 800 -0.0136 0.007

850 0.0077 0.006

Because of near-surface saturation of a layer with carbon, parameters of crystal lattice of OT4-1

titanium alloy change (Table 5).
Analogically to a-titanium alloys, the increase in the ratio c/a of axes of HCP lattice indicates the

increase in the amount of carbon dissolved in the near-surface layer of metal.

Kinetics of changein mass of BT 14 and BT19 two-phase (a+f)-titanium alloys

The interaction of BT14 and BT19 titanium alloys with a carbon-containing gaseous medium at the
residual pressure of P = 0.106 Pa is characterized by increase in mass of the samples (specimens) under the
temperatures and durations of the investigation (Fig. 8). The kinetics of the interaction of BT14 alloy is
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close to (approaches) that which corresponds to BT1-0 alloy. The kinetics of the interaction of BT19 is
distinguished by loss in mass of the samples (specimens) during their heating in vacuum.

Table5
Change of parameters of crystal lattice of the OT4-1 titanium alloy
in the cour se of interaction with rarefied gas medium
Regime of thermal-chemical treatment Parameter. A Ja
Temperature, T | Duration, t a c
Initial state 2.9452 4.6850 1.5907
1 hour 2.9460 4.6880 15913
750 °C 3 hours 2.9489 4.6980 1.5931
5hours 2.9490 4.7000 1.5938
1 hour 2.9464 4.6880 15911
800 °C 3 hours 2.9470 4.6910 1.5918
5hours 2.9490 4.6962 1.5925
1 hour 2.9456 4.6870 15912
850 °C 3 hours 2.9459 4.6900 1.5920
5hours 2.9460 4.6950 1.5937
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Fig. 8. Kinetics of change of mass of specimens of (a) BT14 and (b) BT19 titanium alloys in argon-propane mixture
at P = 0.106 P« under different temperatures. 1 —850 °C; 2—-800 °C; 3—750°C

The kinetic parameters of saturation of (a+f) — titanium alloys by carbon under isobaric conditions
of argon-propane gas mixture, according to the formulae (1) and (2), are persecuted in Table 6.

Table 6
Kinetic parameters of saturation of BT14 and BT19 (a+p)-titanium alloys
by carbon under isobaric conditions in argon-propane gas mixture
For P =0.106 Pa
o According to Formula (1) According to Formula (2)
Alloy | T,°C K. A, B, Eox C.
mgprentshour ™ mgxem? moren?shour ™ Jmol mopen?shour ™
750 0.026 0.0004
BT14 800 0.039 0.0007 17.329 55020 0.006
850 0.0461 0.0016
750 0.026 0.0005
BT19 800 0.0166 0.0003 126.2x10° 14890 0.003
850 0.0309 0.0010

The dissolution of carbon in near-surface layer of BT14 and BT 19 titanium alloys leads to change in
parameters of the crystal lattice of titanium (Table 7).
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Table7
Changein parameters of crystal lattice of titanium in BT 14 and BT 19 alloys
asresult of interaction with rarefied car bon-containing gaseous medium

Para- Parameters of the lattice (A)
Alloy | meeas | Initial 750 °C 800 °C 850 °C
of lettice | state | 1hour | 3hours | Shours | 1 hour | 3hours | 5hours | 1 hour | 3hours | 5hours
a 2.9360 | 2.9369 | 2.9360 | 2.9344 | 2.9367 | 2.9340 | 2.9335 | 2.9350 | 2.9350 | 2.9349
BT14 c 4.6800 | 4.6825 | 4.6830 | 4.6850 | 4.6829 | 4.6840 | 4.6852 | 4.6810 | 4.6835 | 4.6864
cla 1.5940 | 1.5944 | 1.5950 | 1.5966 | 1.5946 | 1.5965 | 1.5971 | 1.5949 | 1.5957 | 1.5968
a 29421 | 29390 | 2.9385 | 2.9390 | 2.9442 | 2.9421 | 2.9390 | 2.9484 | 2.9442 | 2.9450
BT19 c 4.6829 | 4.6885 | 4.6945 | 4.6970 | 4.6863 | 4.6870 | 4.6875 | 4.6969 | 4.6965 | 4.6990
cla 15917 | 1.5953 | 1.5976 | 1.5982 | 1.5917 | 1.5931 | 1.5949 | 1.5930 | 1.5952 | 1.5956

Like for the aforesaid (previously mentioned) titanium alloys, theincrease in the ratio c/a of axes of
hexagonal close-packed lattice indicates the increase in the amount of carbon dissolved in near-surface
layer of metal. The increase in the ratio ¢/a for (a+)-titanium alloys is greater than that for the previous
ones; this can be accounted for by extra deviation (distortion) caused by p-stabilizing elements within the
range of solubility of a-titanium.

Conclusions

The influence of chemical-themal treatment in a carbon-containing gaseous medium at different
parameters (temperatures T = 750, 800, and 850°C; durationst =1, 3, and 5 hours) on kinetics of mass change
of titanium alloys of different structural classes has been experimentally investigated. It has been established
that high-temperature interaction (T = 750-850 °C) of titanium alloys with ararefied carbon-containing gaseous
medium (Ar +16.7 % C3Hg) at the pressure of P = 0.106 Pa leads to the increase in mass of the samples
(specimens) according to a dependence which is close to linear law; this indicates that the reactions at “gas-
metal” determine the amount of carbon which is dissolved in near-surface layer. High temperature interaction of
titanium alloys with a carbon-containing gaseous medium is accompanied by deviation of parameters of the
crystal lattice of the hardened layers of a titanium alloys due to diffusion dissolution of carbon. Carburization
seemsto influence physical-chemical properties of the near-surfacelayer of metal.
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