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The pressure dependence of the superconducting transition temperature, in @S been
measured up to 30 GPa in a diamond high-pressure chamber. It is found that the deutegige TiD
becomes a superconductor at pressures corresponding to the transition to the high-gressure
phase, with a transition temperature that increases from 4.17 to 4.43 K in the interval
P=14-30GPa. The value extrapolated to atmospheric pre3sgfg=4.0K is significantly

lower than the superconducting transition temperattiie=(6.0 K) measured earlier in

the metastable state obtained by quenching,Tiinder pressure. It is assumed that the significant
difference of the extrapolated value from the superconducting transition temperature in the
metastable state after quenching under pressure is caused by a phase transition on the path from
the stability region of the€ phase under pressure to the region of the metastable state at
atmospheric pressure. @998 American Institute of Physids$S1063-7838)00212-3

The T—c diagram of the Ti—H(Fig. 1) and Ti—D sys- the structure-sensitive physical properties. One of the clear-
tems at atmospheric pressure includes the eutectoid equililest features of thg phase is superconductivity with a tran-
rium of the o, B, and § phases, based on the hexagonalsition temperature that is high for the Ti€B) system[T.
close-packed(hcp), body-centered cubi¢bcg), and face- =4.3(5.0) K|,%° which is a result of the transition of the
centered cubidfcc) titanium sublattices, respectively> A hydrogen into the octopores. The superconductive properties
new phase{,?? appears at a pressure of 2.05QBal GPa of the y phase have not previously been studieditu. For
in the deuteridgsand a temperature of 560K in the alloy this paper, we measured the pressure dependence of the su-
of eutectoid compositionx= H(D)/Ti=~0.74). The structure perconducting transition temperature i TiDy,4 up to
of the £ phase directly under pressure has been determine80 GPa and found that extrapolating thg(P) dependence
only by an x-ray method: It was found that,R&5 GPa, in  for the { phase to atmospheric pressure gives a value lower
the temperature interval=520—720 K, the metal atoms in than was determined earlier for thephase. The measure-
the ¢ phase are packed into a face-centered tetragdcial ments were made on the deuteride, since it has a higher
sublattice with a parameter ratio ofa=0.892 In order to  superconducting transition temperature than does the hy-
study the properties of the new phase in more detail, it waglride.
guenched to 80K after heat treating the samplesTat
=560 K under a pressure above 5 GPa. After quenching un-
der pressure, the single-phase state remained metastable a;z
temperatures below 9800 K all the way to atmospheric
pressuré. The structural characteristics of the metastable
guenched state have been studied in detail €90 K by
inelastic neutron scattering and diffractidr.” In this state, 800
the hydrogen statistically occupies octahedral interstitial sites
of the fct titanium sublatticé unlike phases that are stable at 3
P=1atm, where the hydrogen is always located at X‘\
tetrapores:® Since the specific volumes of thephase and wof 1 o ~

the metastable quenched state were extremely close to ea /4 {’ t

other and much less~10%) than in the other hydride i x
phases of this system, it was assumed that, if thlease, the 4 i 1 N A e *
hydrogen also was distributed over the octopdresiow- 0 20 4w 80 0 20 40
ever, the ratio of the lattice parameters in the state afte ¢,at.%H P, kbar
guenching was ;alppreuably closer to unity than in the 5 1 ppase diagram of Ti—-H. On the left is tiie-c projection for
phase,c/a=0.95." It was therefore assumgfithat the hy-  atmospheric pressure, and on the right is TheP projection for the hy-
drogen distribution over the octopores can be different in thelrides of the near-eutectoid stét€he dashed lines denote the thermobaric

i i tment of the’ phase and the unloading that results in the synthesis of the
¢ phase than in the state after quenching, and the metastald{e?

: : : - x phase(its region of metastability aP=1 atm is hatched On theT—P
quenched state was given an independent deSIQnatlonrtheprojection, the low-temperature boundary of the region ofittphase ends

phase. _ _ _ with a dashed bifurcation, representing the region where the existence of a
The difference in crystal structure must be reflected insecond high-pressure phase is probable.
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1. TECHNIQUE "a
The initial two-phase deuteride of chemical compaosition 13.8

D/Ti=0.74+0.01 was synthesized by the reaction of high- pp

purity (~99.98 at.%) titanium with deuterium gas, given off v

by heating TiDQ) (see Ref. 10, for example, for more details {

The deuterium content was determined by weighing. In orde &

9.4
for the small fabricated samples 0.1x0.1xX0.03 mm to 'g 23,2 '
maintain the average chemical composition, it was requirevg .
that the microstructure of the two-phase deuteride be homc » 29.8
geneous and fine-grained. The limiting comminution of a
crystalline grainthe characteristic size of the Ti precipitates
in the matrix of they phase was <100A) was accom-

1 1 1 A A i 'l 1 i ] 1. i

plished by heat-treating and quenching to 80K a pellet of
TiDg 74 under a pressure of 6.5 GPa, followed by decay of the
quenchedy phase when the sample was quickly returned t¢ 3.0 40 K 5.0 6.0

normal conditions. !

An apparatus with diamond anvils fabricated from non-fiG. 2. Experimental curves of the temperature dependence of the magnetic
magnetic materials was used to create high pres%ﬁfﬁm susceptibility of TiQ 7, under conditions of heating at fixed pressufies
sample and crystals of a ruby standard were placed in th@cateq in GPa near the curyedhe arrows show curves recorded during
aperture of a metallic gasket 0.15mm in diameter. A 4:1“n|°ad'ng of the high-pressure chamber.
methanol—ethanol mixture served as a pressure-transmission
medium. The pressure was varied and measured at room
temperature. The pressure was determined to withi
+0.05 GPa from the shift of thR line of ruby. The super-
conducting transition was determined from ac measuremen

f th ti tibility(T).*® Th lit f th
of the magnetic susceptibility(T) e amplitude of the be seen from this figure that tiie,(P) dependence is close

variable 5.2-kHz magnetic field was 0.30e. The high- i i th iorP>12 GPa. O hand. the devi
pressure apparatus was cooled as a whole to 1.5K in a cryk.EJ Inear in the regio a. On one hand, the devia-

ostat, and the measurements)@f) were made while heat- o of the initial load pointP = 11.86Pa frgm a linear de-
ing, using a(Cu—Fe—Cu thermocouple to measure the pendence, as well as the smearing of the jump(@f), can

temperature to within= 0.2 K. Because of the necessity of be regarded as evidence that the transition into a phase with

repeatedly heating the apparatus to vary and determine tgéjperconductmg properties was incomplete. On the other

ressure, a measurement cycle at each pressure took da _and, when theT—P Qiagram of the Ti-H system above
P y P y4GPa was studied, bifurcation of the anomalies of the elec-

trical resistance and the thermal effects of the transition into
the ¢ phase was observed, and, based on this, the possibility
that a second high-pressure phase exists was indiéated.

n The temperature at which the jump #{T) reaches one

half was taken as the superconducting transition point. The
%uperconducting transition temperatures determined in this
way are shown in Fig. 3 as a function of the pressure. It can

2. RESULTS AND DISCUSSION

In the rangdP <7 GPa in which th& —P diagram of the
Ti—D system was studied earliethe line of the transforma-
tion into the { phase was located at temperatures above 5,4
450 K. Extrapolating this line makes it possible to estimate
the transition pressure into thiephase when the sample is
loaded at room temperature as approximately 10 GPa. The
first measurement cycle gf(T) was therefore carried out at
a pressure of 9.5GPa. No superconducting transition was B
observed in this cycle. In the next cycle, under a pressure Ofx
P=11.8GPa, an anomalous superconducting transition or™ 44
the x(T) isobar was clearly evident, although the jump is
rather smeared out and has a low-temperaturéRajl 2). A "
further increase of the pressure to 30 GPa results in an in-
crease of the superconducting transition temperature, while 0 o
the jump becomes sharper and increases somewhat in ma¢ AT SR SN TN T NN TR N SO S S
nitude. As the pressure is decreased, the superconductin 0 P,GPa
transition becomes still more distinct than in the process of ’
loading the chamber. However, after the pressure is reducesG. 3. Pressure dependence of the superconducting transition temperature
from 11.2 to 8.2 GPa, the superconductivity in the sampléﬂ {-TiDg 74. Transitions during loading are denoted by circles, and transi-

; ; ; ; ; -.tions during unloading are denoted by triangles. The initial load point prob-
completely disappears, which is obviously associated Wltrﬁalbly reflects a property of an intermediate phase, and therefore is not filled

the decay of the] phase at room temperature to the low-, o comparison, the superconducting transition temperatureTiDg 74
pressure phase. is shown by a squar®.
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formation of some intermediate phase in a relatively narrowT(P) extrapolated to atmospheric pressure is significantly
region of theT —P diagram can be another explanation of thebelow the superconducting transition temperature in jthe
observed deviation. phase. This noncorrespondence serves as a basis for a ques-
The slope of the dependence for the load curve in thdion concerning a structural transition in the high-pressure
region P>12 GPa isdT./dP=0.016 K/GPa, and the slope phase, associated with the ordering of hydrogen.
of the unloading curve is close to this value. Linear extrapo-  The authors are grateful to V. G. Glebowstar prepar-
lation of the T,(P) dependence to atmospheric pressureing the ingot of high-purity titanium.
gives a value oﬂ'8=4.0i 0.05K (Fig. 3), which is signifi- This work was carried out with the support of the Rus-
cantly lower than the superconducting transition temperatursian Fund for Fundamental Research in the framework of
in the y phase obtained after thermobaric treatment ( Projects No. 97-02-17614 and No. 96-15-96806.
=5.0K). The entireT,(P) curve in the interval to 30 GPa
lies below 4.5K. The strong noncorrespondence of one oIE - bashkin®i
the main superconductivity characteristics of theand ¢ “mail: bashkin@issp.ac.ru
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