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ABSTRACT

The chemlcal literaturs indicates that the solid hydrides of metals
behave differanily toward mercury, this behavior depsnding to some extent
oa the bonding type., The ionic hydrides ers not affected by mercury at
room temperature, Of the two metallic hydrides which have been investi-
gated, one, uraniuz hydride, is wetted by mercury without a change in
temperature, forming a statle dispersion, w:ile the other, palladium
hydride, is wetted sxocthermicaliy.

In the present study, the surfacs or coarse cerium hydride was found
tc ba wetted by mercury, forming a heterogenecus mees, The pulverized
hydride was "amal:amzted" to form a uniform Airpersion, with = sirong izon-
dency to adhere to glass, Lanthanum hyuside behaved simijariy. Cerinm
hydride dispersions decomposed into hvércsian ana cerium emslzazs zbivs
approximately 115°, and reacted vigorously with water at room temperaturs,
On exposurs Lo air, dilute dispersions oxidized to cerium(IV) cxide, while
the more concentrated preparzticns cxidized in part; and precipitated the
unchanged nydrids in pgart. Freezing and cooling curves of uranivua hvdride
and ceriur hydride dispersions showed no “epression of ihz Ircezing peint of
the mercury. Filiration of cerivm hydride disparsizons through sintered
giass removed nea*l; il of “he disperzad phase, and gavs a filtrate £,008
per cent i cerive aydride, an indicatlion ol Lhe maxizag parvicls siis
of the ccrivm nydride in the filtrate is cbtained from the 5,/ maximum pore
size «f the sintered glass filtzr,

4 brief status report on ths dissociation preovsure stullise 18 presentod.
A %izh-teupzr.ture furnsce thermostatted at 750=1000° for use in this work
is deseribe?, A 2ilicz torsion balanes to ve used in me:guring compcsitions
of sulid hases in thess investijations is reported. Fineliy, the status
of X-ray ciffraction work with the rare earth wyaridee is given.
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I, DISPERSIONS OF RARE~EARTH HYDRIDES Ii¥ MERCURY
Introduction and Literature Survey

The behavior of hydrides of metals toward mercury is quite varied,
snd the evidence to date indicates that such behavior may afford & probe
into the constitution of hydrides. Following are a literature survey of
this topic and a phenomenoclogical account of rare earth hydride "amalgam"
studies.

The Action of liercury on Mastal Hydrides.

Lithium hydride was treated with mercury by Moers (1), who observsd

Cham.; 113, 191 (1920).

the evolution of hydrogen gnd the formation of lithium amalgam, The re-
action was slow at the boiling point of mercury, and there was no particular
interaction at rcoom temperaiure, Lithium hydride is considersd essentially
ionic on the basis of structural and density considerations, liberation of
hydrogen at the anode on siacirolysis of the melt, opiical properties,
nsutron diffraction studies, and especially enthalpy and Born-Haber sycle
calculctiona, The decomposition of lithium hydride, end slso of calcium
hydride, by mercury, has been confirmed by Gidb (2), but no other alkali

(2) Private commnicsticn from T. R. P. Gibb, Jr. (1950)

metal or alkaline earth metal hydride seems to have been investigated in

-~ e Vo i
this :“‘g"“‘ Cibh Fupthaw notad $hed libhtus clusinus ly.u&—e and 1is

sthereal solutions are stable toward mercury up to 52°,
Mention should be made of ammonium amalgsus (3), a3 these represent

(3) General refersices are available in J. W. Msllor, "A Comprehensive
Treatine on Inorgenic znd Theoretical Chemistry," Veol. IV, Longmans,
Green and Co., London, 1923, p. 1005ff.

hydride amalgams, &t least from one viewpcint. The constitution of
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ammonium amalgams is not well understood, but it may be that N-H-Hg bonding
plays a role in their stabilization (vide infra). This hypcthesis is
weakensa, however, in that tetramethylemmonium amslgams (4) are even more

(&Y H. N. HCoy and W, C. Woore, J. Am. Chem. Soc., 3. 273 (1511).

stable, and exhibdt pronounced metallic properties, The freezing point of
mercury is depressed in ammonium amalgams (5), 28 in the case of alkaii

{(5) E. M. Rich and M. W, Travers, J. Chem. Soc.. 1906, 872.

metal amalgams; the ammonium radical seems to form a true solution. There
is aleso a large decrease in the surface tension of mercury upon incorpor-
ation of amonium redicals (6).

(6) R. J. Johnston and &, R. Ubbelohde, J. Chem. 3oc., 13@}, 1731; R. J.
Johnston and A, R. Unbelohde, Proc. Roy. Soc. {Lendon}, 4204, 275 (1951},

Oxley (7), on the basis of investigations of the magnstic suscepti-

(7) A, E. Oxley, Proc. Roy. Sec. (London), ALOL, A, 277 (1922).

bility of the paliadium-hydrogen systuem, recognized a similarity in electron
structure between s wotal containing hydrogen in a 1:1 atémic ratio and

the metel of ons higher atomic number, This hypothesis was extended by
Ubbslonde (8,9), who considers that the bonding in a metel hydrids MH

(8) A. R. Ubvelohde, Proc. Roy. Soc. (London), A159, A, 304 (1937).
(9) A. R. Ubbelohde, J, Chem. Soc., 1950, 1l43.

behaves, with regard tc further metallic bonding, approximately like the
atom whcse atomic number is n higher than that of M, Thus NH, and OH,
amalgams are expected to resenble N2 amalgaums, and PdH is expected to
resenble Ag.

There is general agreewent in modern theories of the metallic stats
that the metal-metal bonding is clectron-deficient a=id covaient in character,
and that free lattice electrons, responsible for luster and conductivity,
are quantized into energy bande and Brillouin zones; there is some controversy
on the application of resonating-valence-bond theory to matals (10),



(10) For example, see R, Kronig, "Intornational Conferencs on the Phyeics
of Metels", Martirus Nijhoff, The Hague, 1949, p. 1; L. Pauling,
ivid., p. 23. 4lso L. Pauling and F. J.  Lwing, Rev. i.od. Phys.,
20, 112 (1948); L. Pauling, Proc., Roy. Soc., (London), AL96, 343 (1949).

Similar ideas can be extended to metal-hydrogen systems and to metal hy-

drides which retain metallic characteristics, e.g., luster and conductivity.
Uranium hLivdrids is & compound manifesting metallic character, although

metal-metal bonding is unimportant in its structure {11) '/arf et al., (12)

(1) R. E. Rundle, J. Am. Chem. Soc., 73, 4172 (1951).
(12) J. C. 'iarf, A. S. Newton, T. A, Butler, and F, H. Spedding, Nucleonics,
4 No. 3, 43 (1949)

found that it formed pseudo-amalgams, i.e., the hydride surface was ten-
aciously wet by mercury, apparently through "metallic" bonding. The
amelyams were evidently not true solutions, but dis»ersions ranging from
solids throuzh gels to licuids, depending on concentration. The amalgemation
process evidently depressed the mercury-glass interfacial tension, ae
strong adherence to the glass was woted, foruing mirrors. There was no
heat effect on analzaistion; in contrast ta trsate.ont of finalvedividad
uranium with mercury, which reacted to form intermetalijc compounde, Other
metals also were observed to wet uranium hydride.

Paal and Steyer (13) showed th:t mercury extracted agqueous collcidal

{(13) C. Paal and H. Steyer, Ber., 51, 1743 (1918).

palladium hydride. Ubbelohde (2) found that palladium hydride (PdHO.6)
was wetted rapiciy by mercury, evclving considerable jeat and some hydrogen,
Both palladium amalgem (PngS.Z) and the hwvdride amalgam (Pc_l_.o.lsl",gk)
vere diamametic, surgesting that the d corbitals of palladium were 2
hercury was found to wet palladiws, ircn, and platinum after these meidls,
immersed in agueous solutions, were connected to a cathode; this was
ascribed to the formastion of metallic bonds between the mercury atoms and the
surface hydride groups, produced by electrolysis,

There is no mention of the interaction of the hydrides of the rare
esarth metals with mercury in the chendcal 1iterature., The metaliic character
of these hydrides would lead one to anticipate a behavior toward mercury

resembling that of uranium hydride or palladium hydride,



Expsrimental
The Behavior of Cerium Hydrido Toward Mercury

Preliminary tests showed that & small specimen of cerium hydrids,
approximating Ceﬂz.,] in composition, and resembling coarsely-powdsired
graphite in appearance, was slowly wet in vacuum by mercury without
evolution of heat. The wetting of cerium hydride by mercury at room
teiiperature affords verification of some degree of metallic character in
the rare earth hydrides, and in this respect they rese:ble uranium and
palladium hydrides rather than lithium and calcium hydridss,

In addition to prep:rative work with the hydride "amalgzams", some
exploratory experiments on their thermal stability and behavior toward
air and water were carried cui. 1Im order tc distinguish between formation
of a true solution or aueizam on the ons hand. and a4 disperaion on the other,
investigations were conducisd fa dsteranine wnelber the freezing peint of
the niercury is depressez. Finallvy, rough particle-sice messureusnts werse
made througnh Jiltration experiments,

Mateniale -- The cerium and lanthznum mouals were oblained from Dr,
F. H, Spedding, of the Institutie for Atcnic Research and atomic Energy
Commission Lab_oslorics, ia imea, Izwz, The lanthgnum contained up to
500 ppm of cerium, praseodymium, and neodymium., The cerium contsained up
to 500 ppm lanthanum and neoodymium, iach contained roughly 150 prm calcium;
and a few ppm megnesium and iron, as well 48 some oxide, nitride, and
carbide inclusions,

The hydrogen was generated 2z needed in exceodingly mure form by the
thermal decomposition of ursnium hydride (14). The mercury employed was

(14} F. H. Spedding, A. S. ilewton, J. C. ..arf, et al., Nucieonics, '
No. 1,4 (1945).

of anelytical reisgent greads,
Cerium Hydride "Amalgams"., == A sim)le appsratus was constructed,
consisting of two small bulbs connected through a T to the high vacuum lins,
One bulb held the cerium, as a single piecs of polished metal, and the other
the mercury. Hydrogen up to 20-100 mm, wss admitted, and the cerium heated

S N

using & moltsn salt bath, firat around 15C°, and finaily at 325°, \inen
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the abserption of hydrogen was complete, the hydrogen pressure was raisaed

to one atmosphere, and the hydride cooleds It had a gray, metallic appearancs,
not unlike coarsely-powdered grashite, The composition of cerium hydride
prepared by this procedure was found to fall between C°H2.6 and Ceﬁz.e.

The doubie-tuldb apparatus was svacuated and torched off from the vacuum

line,

On rotating to permit the mercury to flow ontc the cerium hydride,
it was found that elow wetting occurred, several hours passing before no
more visible change couid be detected. A preparation containing 34 per-
cent cerium hydride formed a stiff, shiny ball, while a second preparatiomn,
19 per cent cerium hydride, was lustroua &nd considerably thinner, and
adhered to ths glass in spots. A thin portion could be poured away from
a mass of colid phase wet with mercury. &+ 5.1 per cent amaigam was siad-
lurly heterogeneous, and aopeared tc chanze but little on long agitation,

Another cerium hydride saiuple weae agitated violently in a bulb
(Fig. 1} by an eccsnsric drive for 62 hours bcfore addition of the mercury.
The shaking pracess sffected 2 finer subdivision of the powder, and the
mercury wet the specimsn coipletely within 30 wminutes, This "amelpam",

4.8 per cent hydride, adhered %o the glass ~onsiderably more than the
earlier samples, In another preparatiocn, wie cerium hydrids was pulverized
thoroughly by rapid shaking 43 hours with a glass havwer (Fig. 2), zgiving
a black powder, This material was wet instantly by merzury, forming a
viscous, nearly homo.enecus "amalzasm" §.5 per cent hyuride, [jo temperature
chanze was noted. It adhered to the glass tenaciously, forning a mirror,
and wee indistinguishable from uranium hydride "amal, ams" in appearance,

A few durk snecks floated on the surfuce, eviuently oixdde and other im-
purities,

The formation and physical stability of such "amalgams" suggested that
thiey were dispersions, as in the case of uraniw. hydride dispersions in
mercury (12). The difference in density between mercury {13.6 g/cc) and
cerium hydride (5.6 g/cc) 15 consideratly greater than in the case of
mercury and uranium hydrice (10,9 g/cc), a factor apparently unimportant
in the dispersion rrocess. The strong adherence to glass, forming mirrors,
is evidently due to lovering of the interfacial tension betwecen ;lass and
the mercury by the dispersed hydride,



A Wpat s agaes

Figure 1

Apparatus for Preparation of Csrium Hydride,
Agitation, and its Treatment with Msrcury

10

Figure 2

Apparatus for Preparation and Pulverization of
Cerium Hydride, and its Treatment with Mercury
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Lanthagun Hydride Amalgams. ~- Lanthanum hydride approaching Leis
in composition wes prepared and pulverizad as with cerium hydridq (Fig.
2). It was wet avidly by the mercury, forming a stiff dispersion, 16.8
per cent lanthanum hydride. The "amalgem" adhered strongly to t:e glass,
forming & mirror,

Thermal Stability of Cerium lytride Mooalian® == 4 5,1 per cunt cerium
hydride "amalsem" attached to the vacuum system was heated in a bath,

It was found that the first noticeable hydrogen was evolved at 115-120°,
and that at 200° hydrogen was being expelled extrenely rapidly. Mercury-

AP Y e e W ) F - -~ N e ol Bl Sy o T ] L N ool VIl al
cerium intermelailic compounds aré evidently formsd, Thne SLaDLliily Ol

the "emalgams" at room temperature cin lor.g storage is not yet known with
certainty,
. It is evident iha% all metal hyarides decompose on heating with
mercury, forming hydrogen and true amalgams. This includes such diverse
substances as LiH, PdHo.6’ UHz, and CeH2_7.

Reaction of Cerium Hvdride "Amalgams" with Air and Water, == During
the course of ths "amalgam" work & number of disperaions wers exposed
to the air, Concentrated mixtures of cerium hydrids and mercury, on
admi ssion of air, rapidly developed voluminoua black precipitates, and
inveriably ignited spontaneousliy within a few minutes, A portion of the
black preciitate wes rapidly withdrawn before ignition, and sealed in a
capillary. 1Its X-ray diffraction pattern shcwed it to be reascnably pure
cerium hydride, It would appear as if formation of an oxide layer on the
hydride particles resulted in the separation of the particles from the
mercury, disrupting the disperszion. The behavior of uranium hydride
dispersions ie psrallel,

On admission of air tc the more dilute “amaligems", & thin layer of
yellowish-green scum formed over the shiny surface. A portion of this
scum, by X-ray esnelyeis, wee identified se cerium dicxide of poor crystal-
linity or small particle size (diffuse lines). Ignition cf the yellowish
naterial gave a white product, which corresponded to highly crystalline
cerium dioxide (sharp diffraction lines). Some of the dilute cerium
hydride "amalgams" after foruing tie yellowish scum (accompanied by a
uniform increese in weight on standing), later deposited the dark hydrida,

and eventually ignited (with & discontinuous increase in weight),
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One bulb of cerium hydride "amalgam" (4.8 per cent) was breken under
weter. A vigorous reaction ensued, with abundant evolution of hydrogen;
and with considerable sparking. It should be noted that uranium hydride
"amalgam" is relatively inert toward wuter (i2)/

Freezing and Melting Curves of Hydride "Amalgsms", -- While previous
work had suggested that cerium hydride "amalgems" were not true sclutions,
but dispersions, it was still conceivable that a small fraction dissclved
to form a8 genuine amalgam. The rather high moclal freezing point depression
censtant of mercury [39.4°%, based on a heat of fusion of 2.34 kilojoules
per g-atom (15)] affords a sensitive means of testing this point by

(15) 1Int. Crit. Tab., II, 458 (1927).

detecting any freezing point depression,

a) Apparatus and Procedure. A melting and freezing aoparatus for
work in the neighborhood of -40° was assembled (Fig. 3). This consisted
of two thin-giasss bulbs of acproximitely 3 ml. capacity, each with a
thermowell in its center, both bulbs being supported by a rod attached to
an eccentric shaking device. The adjacent bulbs were immersed in a dry
ice-trichloroethylene mixture, contained in a 300 mi Dewar, which in turn
was iumersed in a 4-liter Dewzar filled with the same freezing mixturs,
Both baths were stirred mechanicaily, and equirped with alcohol ther-
mometers, The large Dewar was covered with a sheet of Z-inch foam=-glasse
irsulation.

The double-Dewar assembly was employed only in the freezing runs,
when tne larger vessel was chilled to epproximately =70°, Thie caused the
contents of the inner Dewar, at about -37°, to drop in temperiture at a
rate of about 0.05% per minute. Fer melting runs the inner Dew.r wes
romoved, when thermal leskage caueed the tempercture, about =40°, to rise
at a rate of roughiy 0.06° per minute.

A8 the scale of operation w:s too small to perinit use of resistance
thermoneiers, temperatures were measured using copper-constantan thermo-
couples or 3-element thermopiles, These werc ;enerally employed with the
reference junction at 0° in a water-crushed ice mixture,one of the bulbs
being empty. In certain ruans the thermocouple or thermopile was used
to measure the temperature differential between the two bulbs, The dif-
ferential method provided data ambiguous in interprstetion (except when
both bulbs contained pure mercury) and was discontinued,
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Figure 3

Apparatus for Freezing and Melting Rune
With Hydride “imeligaems"

13
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The potentiometer used was a Model 8662 Leeds und Northrup Precisicn
Potentiometer. Itas prescisicn was 0,002 mv, (0,06°) with the thermocouples,
sz 0.00067 mv, (0.020) with the 3-elament thermopile, Temperature-enf data
were taken from the tablss of adams (16).

(16) L. H. adems, Int, Crit. Teb,, I, 58 (1926;.

b) Results
1, Mercury. ilelting and freezing curvez using pure mercury were
first obtained (Figa,4 and 5). The frsezing curves show strong supercooling
despite the violent agitation., The platsaus were at =-38,84° 2 0.0%°,
in satisfactory agreement with the very accurate value of -33,87°, detsruined
by Smits and Maller (17).

(17) A, Smite and G. S. Muller, Z. physik. chem., B36, 288 (1937).

2., Uranium Hydride "amalgam". 4 30,3p uranium nydride "amalgam"
was prepared by sesling the uranium in bulb A (Fig. 3), converting it to
UHs by heating in hydrogen at 250°, evacueting and sealing off the apparatus,
and tapping the hydride down onto t..e mercury in the freezing point bulb,
This gave a felrly viscous preparation which adhered strongly to the ;lass.

iielting and freezing curves for the uranium hydride "amalgam" are
shown in Figs. 6-8. The piaissmus, at -38.86 * 0.03%, were within experi~
mental error of the melting point of pure mercurr. The principal difference
was found in a tendency to exhibit a prolonged post-melting period at a
temperature roughly & tenth of a degree above the melting point (Fig. 8).
This effect was nearly eliminated by more violent agitation (Fig. 7), and
was not manitest in freezing runs (Fig. 6}, evidently being masked by the
supercooling. The post-melting phenomencn is probably attributable to the
viscous nature of the hydride dispersion.

3. Cerium Hydride “Amalgam”, A 5,1 per cent czerium hydride
diepersion in mercury was made by the technioue described above, and malting
curves obtained (Fig. 9). The plateaus, at -38.83 ! 0,03°, were substan-
tially the ssme a8 in the previous cases. The prolonged post-melting
pericd, with the temperature a little above the4melting point, was agzain
prominent, and was ascribed to the higher viecosity of the "amalgam."
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o) Discuesion. 4 typical cooling or freesing curve for a very di-
lute, true soiution, in which crystals of the pure solvsnt separate, is
shown in Fig., 20 (lower curve) (18). .After the initial supercooling;

(18) C. R. Witschonke, Anal. Chem., 24, 350 (1552).

the temperature rises, but dces not reach the true melting point, which is
shown by the plateau of the pure solvent {usper curve). Exirapolation of

each curve backwards normally gives the initial depreesion of the freezing
point of the solution, a depressicn which increases with time, as the solution
becories more axriched in the solute, owing to crystallization of the solvent.

diffe:xent,

The fact that the tempcrature of the uranium hydride "amalgam", after
the end of the supercooling period, rose to substantially the freezing point
of the solvent (Fig. 6j demonstrates that no depression i the freezing
point took place. The cerium hydride "amalgam" also exhibited super-
cooling, and the tamporature rose to the freezing polnt of pure mercury,
Moreover, the initial psrt of the plateau of the melting curvee in each
cese coincided within experimental erior with the solvent melting point
(Fig. 7), in a region where the depression would have been maximum had
there been genuine solution formation,

The lack of a frezzing point depression corrcborates the conclusion
that the "amalgams" are in reaiity dispcrsions, and the dispesition of the
marcury can be likened to that of water in & sponge. The dispersions
probably borderline the colloidal state. assuming a sensitivity limit of
0.03° in the temperature-ineasuring app:ratus, and thus a maximm freezing
point depression of 0.03°, the true solubility of the hydrides in mercury
could not have been over C.0007 molal, corresponding,in the caes of carium
hydride, to 0.1 g per 10C0O g. of Hg, or 0.0l per cent,

Filtration of Cerium Hydride amalysms, Particle Size. -- Two cerium

hydride "analgams" were decanted or filtered in an all-glass apparatus, and
the filtrates analyzed. The first specimen of cerium hydride, treated with
mercusry without any orior powdering or egitation, was decanted through a
constriction so that the fluid portion could be collected separately,

The appuzratus wes broken and the fluid portion analyzed for cerium, showing
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Figure 4 Figare )
Freezing Curve for Pure Mercury Melting Curve for Pure Mercury
!
]
I
i Figure 6 ¥{gure 7
Freezing Curve for Uranium Melting Curve for Uranium

Hydride Dispersicn in Mercury Hydride Dispersion in mercury
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Figure 8 Figure 9

ielting Curve for Uranium Melting Curve for Cerium
Hydride Dispersion in Mercury Hydride Dispersion in ksrcury

Figure 10

Freezing Curves for a Pure Soivent and a Solution
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5,085 per cent cerium hydride. The overail composition prior to decantation
was 4.3 per cent cerium hydride. It is thus evident that when cerium is
converted to its hyiride, a wida range of particls sizes results; the
larger particles form & coupact mass when ‘"moistened" with mercury, and

the :sualier particles enter into dispersion in the mercury.

A sslend porticn of cerium hydride wes prepared and pulverized by the
sccentric drive-hammer techniqus (Fig. 11), and amalgamated, The powdering
treatment was for a duraiisn of 43 hours before acdition of the mercury and
5 hours aftayward, The at2ff dispereion, 3,5 por cent cerium hydride, was
shaken down inte the sidearm with a fine sintered giass filtering disk,
This sidearm was torched off and centrifuged, when 2 thick, nearlﬁr solid
residue was left on the disk, representing a concentrated '"smslgem", and
the filtrate had the appearance of pure mercury. The filtrate was found by
analysis to contain 0,0079 percent cerium hydride, The average maximum
pore size of "fine" sintered glass is a)proximately 5., , It ie probable
thet only a snmall fraction of ths finely pulverized cerium hydride is smalier
than 5 4« in particle size.

The maximum true solubility of cerium hyuride in mercuryAat its
freezing point was shewn to be 0,01 per cent, The above filtration experi-
rent demonstrates a value somewhat lower; at room tempereture, namely
approximately 0,008 per cent.



Figure 11

Apparatus for Preparation, Pulverization, "Amalgamation",
and Filtration of Cerium Hydride
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II, RARE EARTH METAL-HYDROGEN SY»TEMS
Introdustio,

The following short sections are intendsd to serve #s & progress
bullstin on the status of studies of the rare earth hydrides, ¥ors
complete reporte cn these and other investigstions will appear in the future,
High pressure and conductimetric work is underway or planned for the
immediate future, and preparatio: of borohydrides, reaction cf hydrogen
with rare-earth alloys, and magnetic susceptibility measurements are to
follow,

A, Dissociation Pressurs Studies.

First attampts employed a Pyrex resction vessel hested by a mercury
boiler, such as had Leen used in studying the disscciation of uranium
hydride (14). It was found, howsver, that a tewperati.e of 357° was an-
sufficient to give adequate data, since the dissociavion pressure for
cerium hydrids decreased ¢to a valus of lers than 10 mm. of mercury at &
composition approximating CeH2°2 and an extrapolation of the pressure-
conposition curve for this te..perature indicated that this dissociatio=
pressure decreased to 1 za Hg at & comrposition well above Ceﬁz. Lsnthanum
nydride behaved similarly. The cerium anc lanthanum hydrideg richest in
hydrogen that were obteined had the compositions ueH2°87 and LaHz‘gé.

Vycor reaction vesgels, heated by a resistance furnace, were used at
higher teu.peratures, but reaction between the rare-sarth mestal and thc
vessel was found to occur at temperatures of sbout 8C(°, Stainless steel
thirbles were alsc found to rsact slightly with the rare-earth metais at
theze temperatures,

One semple of lanthanum hydride was heated to 900° in Vycor and a
conmposition Ltvd-l‘.57 reached by pumping the hydrogen.evolvad intec “a gesrbaret

by means of & Tospler pump. Ths Vycor was scricusly stimclred,

The relatively low dissociation pressures of the hydrides compared
with, say, uranium hydride, prompted the construction of a thermostatted
high-tamperature furnace, described in Section B of this report, Dis-
sociation presssure studies are planned for the rare eirths La, L3, P,
Nd, Sm, and Yb, using the high-temperature furnace and torsion balance

(Part C).
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B. Hish-Temperature Thermostutied Furnace.
A temperature-controlled laboratory furnace similar to that described

by Barnes {19) was constructed, A cross-sectional diagrsm of the furnace

(19) R. S. Barnes, J. Sci, Instr. 28, 89 (1951),

itself is shown in Figure 12, and a circuit diagram of the temperature
controller in Figure 13. A fuller theorstical discussion than the following
may be found in the originmal paper,
The furnace contsinedtwo indap=mdent sets of heating elements. The
first of these, wound on an Alundum core, had a resistance of 10.5 olms, and
consisted of No. 15 nickel-chromium wire. This winding was used as an aid
in bringing the furnace more quickly to tne desired temperature, Ths
second heating element was the control winding itself, comprising R, and
R, in the control circuit, c¢” platinum and nickel-chromium wires, respectively.
The heat provided by the conircl winding alonewas sufficient to main-
tain the furnace at temperstures in excess of 800°. The platinum and
nickel-chromium wires were threuaded side-by-side through a series of twin-
bore porcelain theruiocourle insulators, forming a mat which was wrapped
around an Incorel block, the whole then being enclosed in an Inconel sheet,
The resistances R; and R; form part of a bridge circuit, the balance
point of which changes with temperature, 2s the two wires possess widely
differing te perzture coeificients of resistance,
A amall Varias-type traﬁsfaﬁnaf(Tz) was used for the other arms of ihe
bridge, The cut-of-balance voltage from the briage was amplified by ths
audio-frecuency trsnsformer(T;) with a series resonant circuit (L, and C,)
tuned to 60 c/s connected across the secondary winding. The amplified
out-of-balance woltage was &pplied to the grid of V;, a smail thyratron with
¢én alternsting current aprlied to its anode, The voltags from the bridge
undergoes a phase reversal at the balance point, and the phase of the anode
voltage was arranged so that V, conducts during the pocsitive half cyclss
i £ the tempereturs 13 below the valance temperaturs and does not conduct
if the temperature is above, .
YWhen V; is conducting, the anode current closed a thermil delay relay
tube Vp, which short circuited the resistor Ry in series with the bridge,
causing the heating element to heat up. Vhen the temperature has risen
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Figure 12

High-Temperature Thermostatted Furnace
(after Barnes)
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Figure 13

Circuit Diagram for Automatic Temperature Controller

{afie: DBarnes)

List of Components

- 5 ohm, No. 26 platinum wire,

12 ahm. Ho. 20 Chromel A wire,
25 ohm, 300 W,

1 Mohm, 1 W.

55 kohm, 7 W., wire-wound.

10 ohm,

10 ko, 10 W,

0.30 M F.

9 Y, 150 mA,
Variac, 10 A, 135 v,
jariac, 1 A, 135 v.

Audio Transformer, impedance retio primary to

secorklary:

117 v, 60 ¢/8; 600 v, 75 mA; 5 v, 2 A; 6.3 v, 3 A,

2050.

Amperite Thermostatic Delay Relay 115NCh,
6X5-GT.

Amperite Thermostatic Delay Relay 5NO4S.

4000,

23
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sufficiently, V,no longer conducte, &5 the phase of the out-of-balance
voltage is reversed, The switching frecuency of V3 can be much higher than
is normally the case, as its heater remains hot, Barmes reported the
frecuency of switching as about 2 c/s.

However, this high a frequency was not obtained with ths controller
built as described; a complete switehing cycle occurred only about every
3-1/2 sec. Substitution of a solenoid relay, in parallel with a suitable
capecitance and in ssries with & suitable resistance, replacing R;, gave
a frecuency of switching as high as 2 c¢/s,

The change in temperature of the furnace was oniy ebcut 0.2° av 716°
over a 26-hour period, as measured with a Chromel-Alumel thermocouple and
the potentiometer described on p'4

C. Silica Torsion Balance

In crder to determine convaniently the couwposition of the solid phase
in the rare sarth-hydrogen system studies, a micro torsion balance was
constructed, and assamblsd inside the vacuum system. Except for 2 stesl
spring, the entire balance was fabricated from silica. The design sslected
was a modification of that of Kirk et al. (20).

(20) P, L. Kirk, R, Craig, J. E. Gallberg, aad R. Q, Boyer, anal. Chesm.,;
19, 427 (1947).

The general assembly is shown in Figure 14. The torsion f{iber was
13 ¢z, long on the fore (scale) side of the veem, and 8 cm. iong on the
rear {spring) zide. Its approximate mean diametcr was 13Q//, The canti-
lever besm wee 16,7 cm. long, and constructed from fairly heavy silica
rod (37QA4). Tension wae applied through the spring by the serew arrangement
shown, the vhole being enclosed in the vacuum systexz, The torsion was applied

through a ground joint. The balance nnint wasm ohaarved hy mztchina the

pointed tip of the beam againri & fixed pointer, the onservation being mede
against an illuminated ground glass (not shown).

The balance was found to be quite rugged, and the fiber held a totel
weight (beem, counterbalance, suspension fiber, pan, and specimen) of two
grams. The degrue of sagzing was adjusted by the tension aprlied to the
spring, and was always sufificient to prevent any part of the balance from
touching the glass walls of the vacuum system,
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The sensitivity of the balance was frund to be approximately 7 degroes
per milligram, The rest point of the londed balance was observed to vary
2lightly from day to day, the average variustion bai * 1.59, or an ap~
parent weight changs of 1 0,2 mg, Thus with a load of 850 mg. of lanthanum

holding up to 18 mg. of hydrogen (or 36 mg. of deuterium}, the weighing
error is expected to be L 0.2 mg., The complete assembly with the Barmes
furnace is shown schematically in Figure 15, Pans of various metal
foils are being investigsted, such as stainless steel, nickel, and
molybdenum, It is believed that this apparatus will be satisfactory ir
the determination of pressure-cozpcsition isotherms in the range 600~1000°,
D, Status of X-ray diffraction work.
¥-ray powder diffraction photographs have been made of lanthanum snd
cerium hydrides of various compositions. These products were prepared in
an apparatus equipped with a hemmer for puiverising the solid, and to which
were attached thin-walled Pyrex capillaries into which the hydride sampies
were shaken, without having hes:n exposed te the air, The composiiions were

by the metai, and subsecuently ewolved ujon heating,

Diffraction photographs were obtained for lanthanum hydride samplea
ranging in compositiocn from LsHi.57 to Laﬂz.g6 and for ?erium hydride samplss
frem CeHy %o C°H2.8' Both copper and molybdenum radialion have been
used, Copper radiation gave filws .. n high background due to scattering,
but having lines in the back-diffraction region, while molybdemum raciation
geve fiims with & much lower backgruvund, an adventa_e offset to soms extent
by the absence oi lines in the back-diffraction region,

Al) nydrids samples gave diffraction patterns corresponding to face-
centered cubic latticeze2 considerably expanded over that of the face-centered
metallic modification. The lattice spscings were found to be smaller for
the hydrogen-rich samples than for thoss samples containing less hydrogen.
Future worx will center around the low hydrogen regions, and the hydrides
of negdymium, praseodymiuvm. samarium, and ytterbium,

Acknowledgament, -~ The authors wish to express their appreciation to
the Office of Naval Research for making these investigations possible, and
to the Atomic inergy Commission for a Fellowship to one of us (W.L.K.).



Figure 14

Silica Torsion Balance
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Figure 15

alances and Fuinace Assembly

(Schematic)

27



e T T YT A NP P AFOY T A i - 1
*

BARMNES
FURRACE

i T
l I ~————SPECIMEN

—
S W e \\\\\\\\%\\\\



Distribution Liet for This Report

‘Cozmanding Oflicer

Office of Naval Research Branch Office
150 Causeway Strest
Boston, Massschusettes

Commanding Officer

Office of Naval Research Branch Office
8L4 North Kush Street

Chicago 11, Illdncis

Commanding Officer
Office of Navzl Research Branch Office

346 Broadway
New York 13, New York

Commanding Officer

Cffice of Naval Research Sranch Office
1000 Csary Street

San Francisco 9, California

Coumanding Officer

Office of Navsl Ressarcii Branch Offics
1030 N, Graen Street

Pasadena 1, California

Officer-in-Charge

Office of Naval Researcn Branch Dffice
Havy Mmber 130

Fleet Post Office

New York, New York

Director, Naval Research Laboratory
Washington 25, D. C.
Attn: Technicel Information Officer

Chief of Naval Research
Office of Naval Research
Washington 25, D. C.
Attention: Chemistry Branch

Rasearch and Nevelorment Board
Pentagon, Roam 3D104i

Washington 25, D, C,

Attn: Technical Refersnce Section

I'r, Ralph G. M. Siu, Research Director
(leneral Laboratories, QM Lepot

2800 S, 20th Street

Philadelphia 45, Pennsylvania

Dr. A, Stuart Hunter, T20h. THirecter
Research and Developggit' Branch MPD
Quarterzastier General's Office
Washington 25, D. C.

Dr. A. G, Horney

Wright Air Development Center
Uright-Patterson Alr Force Base
Dayton, Ohio

Attention: WCRES~j

Dr, A, Weissler

Department of The Amy

Office of the Chiaf of Ordnance
Washington 25, D, C,

Attn: ORDTB-PS

Research and Dovelopment Group
Logistics Division, General Staff
Department of The Army

Washington 25, D, C,

Attn: 9r, W.T.Read, Scientific Adviser

Director, Naval Researcli Laboratory
Washington 25, D. C,
Attention: Chemistry Division

Chief of the Bureau of Ships
Navy Department

Washington 25, D. C,
Attenticn: Code 340

Chief of the Bureau of Aeronautics
Navy Departaent

Washington 25, D, C,

attention: Code TD~-4

Chief of the Bureau of Ordnance
Navy Department

Washington 25, D. C,

Attention: (ode Rewd

Mr. J. H. Heald

Library of Congress

Navy Research Section
Washington 25, D, C,

Dr, H, A, Zahl, Tech, Director
Signal Corps Engineering Laboraicries
Fort Mommouth, New Jersey

Dr, Warren Stubbl:bine, Research Director

Chemical and Plastics Section, RD3-MPD
Quartermaster General's Qffice
w&’hinm 25, D. C,

U.S, Naval Rediological Defenss Lab,
San Francisco 24, California
httn: Technical Library



Naval Ordnanoce Tast Station
Inycksrn

China Laks, California

Attn: Heed, Chemistry Division

0ffice of Ordnance Research
2127 Myrile Drive
Durham, North Carolina

Technical Command
Chemical Corps
Chemical Center, M:ryland

U.S. Atomic Enerzy Commission
Research Division
‘lashington 25, D. C.

U.5. Atomic Energy Commission
Chemistiy Division

Brookheven National Laboratory
Upton, New York

U.S, Atomic Energy Commission
Livrary branch, Tech. Infs., ORE
P, O. Box E

Oak Ridge, Tenneesee

Dr, Anton B. Burg
University of Southern California
Los Angeles 7, California

Dr, R. G. Rochow
Department, of Chemistry
Harvard University
Cambridge 38, Magsachusetts

Dr. A, E, Finholt
St. 0laf Ccllege
Northfield, i{innescta

Dr, H. I. ochlesinger
Department of Chemistzy

lnd esnmumd bor adt Nl anmn

Vitd v CLUJ Vi UIMVGBV

Chicago 7, Iilincis

Dr. F. H. Spedding

Institute for Atomic Research
Box 14A, Station A

Ames, Iows

Dr,. Thomas R, Gibd, Jr,.
Department of Chemistry
Tuftes College

Medford, Massachusetts



	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043

