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The purpose of this talk is to review several experimental techniques
which are being used to investigate metal hydrogen systerns„ The first tech-
nique I shall talk about is metallography and optical microscopy. This is a
^ery old technique which however, was found to be very powerful in the case of
metal hydrogen systems. I will show a few examples of such work and discuss
the results. Figure 1 shows micrographs of Nb-H samples in the ct-8 two phase
region obtained by interference microscopy at room temperatures The contrast

- NOTICE -

ITiis tepoit « * ptepaied at in auioimt of wotk
*pon*oted t-y the United Slate* (iovemmeni Neithet the
United State* mil the United State* Depirlnwnl of
fctieigy. not any <il ihelt employee*, not any ol then
ciintiattoti. lubconttacioii, fit theit employee*, make*
any watianty, expieu ot implied. 01 auumct any legal
hahilily 01 tespomibilily fot theaccutacy.compleleneu
ot uvefulneu ol any mfoimation. appatatut. ptoduct '»t
ptocek'i dticlo&ed. ol teptttenu that it* UK would not
infringe puvalely owned tight*.

, ' . ) - • - - I .

.70 .72

Figure 1„ (a+0) Regions of NbH

is due to surface relief which develops during polishing because of the large
difference in hardness between niobium and its hydride. This investigation

* Work performed under the auspices of the UOSO Department of Energy.,



was made by J. M« Welter [1 ] who showed that for hydrogen concentrations below
0,7, the superconducting transit ion temperature remains at the same tempera-
ture as for niobium, namely Tc=9,6 Ko At higher concentrations no supercon-
duct iv i ty was found down to 1.3 K. The conclusion, therefore, is that the
superconductivity of two phase alloys with TC=9O6 K results from the a-pnase
regions which short -c i rcui t the non-superconducting 3-phase regions.

Figure 2 shows polarized l igh t photographs of a Nb-H crystal in the
3-phase [ 2 ] , The three pictures were taken under dif ferent contrast condi-
t ions. Polarized l i gh t observations are extremely useful in identifying
anistropic phases and in revealing their domain structure,, The ordering of

Figure 2O Domains in the j3-phase of NbH<

the hydrogen in the host boc.c. la t t i ce leads to anisotropically distorted
phases with orthorhombic symmetry in the case of Nb and Ta and monoclinic
symmetry in the case of Vo Under the conditions of almost crossed polarizer
and analyser the domain structures can be made v is ib le . Figure 2 shows the
six possible domain orientations on a {lOOJc surface. From such studies one
could conclude that the domains are typical ly thin plates with average thick-
nesses between 1 and 10 am and lateral dimensions of hundreds of um° The
most commonly observed habit planes for the domains is (100),,

Observation of the hydride samples under polarized l igh t as a function of
temperature enables one to observe phase changes direct ly including the "melt-
ing" of the hydride phase. This is seen in Figure 3 [ 3 ] , The figure shows a
series of polarized l i gh t micrographs of a TaH sample containing approximately
55 at% H, The sample is being heated from 20 to 60°C. a) shows only the pure



Figure 3, Phase Changes of TaH, c=0.55.

p-phase; in b) and c) one can see the e-phase appear as the l ight areas and
increasing as the temperature is raised,, In d) only the s-phase is observed,
I t is evident from these pictures that the structure of the s-phase is very
close to that of the g-phase. In e) to h) , f i n a l l y , the melting of the s-
phase occurs progressively^ One can see the size of the grey areas (cubic,
no rotation of the polarization vector) increase as the temperature is raised.

Figure 4, in which one can see the a-S morphology in the V-H system, a
further interesting effect can be observed [ 3 ] , In this picture the thin
plates are the original 3-plates produced by charging the V in the gas phase„
The broad patches, however, are hydride regions which arose during the polish-
ing procedure. Vanadium seems to be especially susceptible to hydrogen pick-
up during polishing although this is also true for the other metals [4 ] o

y-Ray Diffractometry

The next technique I would l i ke to talk about is Y-ray diffractometry.
This is a relat ively new technique which is not yet widely known*, As far as
I know there are only three such instruments in existence; the f i r s t one was
bui l t in Grenoble [ 5 ] , the next in Juiich and the third Riso. A schematic
drawing of the y-diffractometer is shown in Figure 50 I t is essentially a
single crystal diffractometer which usesan activated gold f o i l 0o2xl0 mm in
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Figure 4. a,-3 Morphology in the V-H System,

size, as the radiation source* The 412 KeV l ine (wavelength ^€^03 A is elec-
t ronical ly separated from the three main lines of the gold spectrum, A 4 m
long coTlimator is used to l im i t the divergence to 12" of arc. A sc in t i la -
tion counter measures the intensity diffracted into the Bragg direction
(Bragg angles are typical ly around 1°) as the sample is rotated about an axis
perpendicular to the beam, Using such a high energy for di f f ract ion results
in a number of unique properties: 1) the short wavelength leads to a long
wavevector and an Ewald sphere which degenerates into a plane (as in the case
of an electron microscope),, This means that the diffractometer is insensitive
to changes in la t t ice parameter but capable of precisely measuring the mosaic
d is t r ibut ion, 2) Another important property of the Y-diffractometer is that
the influence of multiple Bragg scattering on the shape of the measured rock-
ing curves is negligible, because the re f lec t i v i t y for 412 keV v-radiation -s
only of the order of 5%, i ,eo one is always in the kinematic di f f ract ion
l i m i t , 3) The high energy of the Y-ray allows one to investigate samples
within high pressure ce l l s , cryostats or , as in our use, a quartz electro-
chemical c e l l , etc* The Y-ray penetrates the containers with insignif icant
loss of intensity. 4) Very large samples, of the order of cms, can be inves-
tigated in transmission without having to worry about surface preparation,
Figure 5 shows experimental rocking curves of a typical commercial niobium
single crysta l , obtained with the Y~di f f ractometer,, The cyl indrical crystal
(13 mm dia«) was analyzed at different positions along i t s length (parameter z)<



Figure 5O Y-Diffractometer and Rocking
.Curves of Nb Single Crystal,,

All commercially available niobium crystals exhibit an in-homogeneous mosaic
structure with a width between 1 and 5 minutes of arc The effect of hydrogen
charging on such a rocking curve can be seen in Figure 6 [6], Here the rock-
ing curve of a slice of a cylindrical crystal was measured during charging in
an electrochemical cell at 180°C, and then as the temperature was lowered
through the phase transition. A schematic drawing of the arrangement for the
electrochemical doping of samples with hydrogen at elevated temperatures is
shown in Figure 7O

1) sample polarized as cathode
2) electrolyte {concentrated sulphuric acid was chosen for charging

at 180°C)
3) thermometer
4) current bridge between hot cathodic (left) and cold anodic (right)

compartment
5) anode
6) hydrogen gas bubbles formed by H-H recombination at cathode surface

during current flow (unwanted but unavoidable side reaction)
7) heater and motor for magnetic stirrer (8)
9) electric connection to potentiostat. The potential between the acid
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Figure 6, Rocking Curves of NbH Sample being Cooled
through Transition Temperatures,

and the sample is kept constant with the aid of Hg/HgS reference
electrode (not shown).

The whole quartz cel l was placed in the Y-ray beam for the experiment. On
cooling the sample one sees a marked increase in the width of the rocking
curve. This increase was accompanied by a visible precipitation of the a1

phase within the a-matrix shown in Fig. 3 [ 6 ] , Until then only theoretical
investigations of the morphology of the coherent separation of a- and a 1 -
phases were published. Experimental results could not be obtained due to the
fact that after H-doping the samples must remain above the temperature at
which the phase separation takes place, which is approximately 170°C at the
cr i t i ca l concentration [ 7 ] . The usual metallographic techniques do not per-
mit the sample to remain hot during handling. The measurements must be per-
formed as the sample is cooled into the two phase region for the f i r s t time.
The different etching effect of the concentrated sulphuric acid on the a- and



Figure 7. Electrochemical Charging Vessel.

a'-phases allows one to record the phase separation with a telescope through
the quartz glass vessel. At U0°C,the f i r s t temperature at which a phase
separation was observed, the latt ice parameter difference between the two
cubic phases is approximately 1% [83. I t increases to about ZA% at the triple
point temperature of 85°C. The photographs in Figure 8 il lustrate how the a -
phase grown into the a-matrix on plates parallel to the (100) planes, beginn-
ing at the edge and proceeding into the bulk. The morphology is identical to
that found after the sample is cooled below the tr iple temperature into the
a+g region. I t is evident that the former a'-regions have merely undergone a
transformation from a' to 0 leaving the overall morphology unchanged,,

When a NbH sample is cooled into the a-^ two-phase region rapidly the
morphology of the phase separation appears as in Figure 9. This quasi-peri-
odic latt ice-l ike arrangement of precipitates which occurs in tjuenched samples,
f i r s t discovered in metallographic investigations [9 ] , has, in the meantime,
been discussed theoretically by Kappus and Homer [10] on the basis of the
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Figure 8. Precipitation of a1 in a-matrix

elastic interaction model. When a sample with a given hydrogen concentration
is cooled from high temperatures to some lower temperature, concentration
fluctuations corresponding to modes with spinodal above this temperature be-
come unstable and start to grow. It is the process of spinodal decomposition,,
The effect on the rocking curve is shown in Figure 10o The rocking curve be-
comes broad and the mosaic structure becomes homogeneous. Such crystals, us-
ing deuterium instead of hydrogen, are ideal neutron monochromators [11], A
wide rocking curve is necessary for neutron monochromators for reasons of in-
tensity. Together with the other properties; high coherent scattering length,
extremely small incoherent cross section, small cross section for thermal-
neutron capture; a monochromator made up of a number of such crystals is an
excellent choice for a moderate resolution, high reflectivety monochromator»
Such a system is being implemented at the high-flux reactor in Grenoble- A re-
cent series of experiments which we have undertaken deal with the passage of
hydrogen through the surface of clean Nb and Ta. There are a number of publi-
cations concerning this problem [12-14],, It has been found that there is a
high initial sticking coefficient, s, which then decreases to low values after
an uptake of approximately 15 monolayers. It was stated that there is no evi-
dence of an activation energy barrier between bulk and solution on clean sur-
faces [12]. In our UHV experiments we have found that in both*Ta and Nb foils
the bulk uptake of hydrogen, as measured by the resistivity change caused by
the interstitial hydrogen, increases with temperature, which implies a ther-
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Figure 9, Quasi Periodic Arrangement of
Precipitates in Quenched ffbH Samplest

Figure 10o Rocking Curve of Quenched NbH0



many activated process. Actually, we believe this was evident in previous
data but not explicitly noted [12], In addition, we find that the deposition
of a few monolayers of Pd on the surface dramatically enhances the solution
kinetics by effectively lowering the activation barrier. Hydrogen is then al-
most free to pass between the gas phase and the lattice gas within the metal.
In Figure 11 we plot s, which is given by the number of hydrogen atoms enter-
ing the bulk of Nb divided by the number of hydrogen atoms incident on the
surface per time interval, as a function of the Pd thickness*
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Figure 11. Sticking Coefficient of
Hydrogen on Nb as a
Function of Pd Overiayer
Thickness.
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