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A iii/MItAitY,*

ladrodootion

Uhl report ooittifits of two "cilium. m. first IS cOitesrOod with
the littirtstliky pure :betas and theiribithydropoous allays. The
when possible along with continents by the author of this memorandital, The
of publication.

its *amide.

No attempt at making a complete summary of all available literature on the title molest
atteMptod: first, it would have resulted in a large volnme; mecond, man' 600d IlUIP1111170: are •

•

are mentioned in this memorandum.

Finally, no attempt at craical comment on the data reported in the abolicested reports is
There are few expert enough to make such critiques and the author does not ooloider hketielf one

PART I

RYDIROOEN IN METALS

Smith, D. P.
litalversity of Chicago Press, 1948

This is the only compilation of hydride data prior to 1950. It is of more historical i t iireed than
value because :title or no information on the transition metals and rare earth hydrides weal arsilabio;
time.

DISSOCIATION PRESSURES OF URANIUM HYDRIDE AND URANIUM TRITIDE

Flotaw, H. , and Abraham, B.

Argoosio National Laboratory, AECI)-3014, 1951

P-C-T data on various UH9 and UT3 
mixtures are given. These data should be of interest to those

forming beds. However, these may not carry over directly to titanium hydride mixtures.
..... 	 _ _

AN INTRODUCTION TO THE CHEMIS1 Ill' OF THE HYD/III)F:S

Hurd. 11...liars T.

John Wiley and Sons, 1952

AMOther book of primarily historical :la crest. Given a brief explanation of the handling of hydrogen in

compounds. References to early work are included.
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0„PIIM8TRIC:NiFIKFICRATURE-COMPOSITION STUDitlq OF SOME RARE EARTH /HYDROORX SYERTMS
:304000***0 N. R., Holley, Charles 	 J r

fillrtical Chemistry, N'o1. 59. pp 1222-.1228. December 1955

itires7 complete description of the lighter rare earth hydrides.

Ors' Abstract
Pressure-temperature-COmposition data are presented for the lanthanum, cerium, praseodymium

masa aheattraute hydrogen systems in the ranges T • 150 • to aoo'c, p • 0.01 to 400 mm. It is concluded

fiat La. CS. Pr and Nd all behave similarly with hydrogen exhibiting two solid phases, metal and a hydride

phase for ceszpoiattons between M and 81112 and a single solid hydrith phase for compositions between

and Approximately 	 La, Ce, Pr or Nd.) In the Intl range, composition .s dependent on

'tenirrititre sad pressure. The heats of formation of the MH 2 hydride phases as obtained from the pressure-

tediciperilkire measurementse.H2 49,7, Ce112, 33.9, Prli2 47.6 and NdH 2 , 44.8 kcal. per mole of 112.
	;VA	 • ,

equationp for thedtpcndencs of decomposition pressure on temperature are for LaR2 : log 10 p • 10.758
for Celi2 • log10 p 7,708 - 741/IT; for Prli 2 . log 10 p 10.229 - 10446IT, for NdH2 10810 p

5470 - 	
' 

87.6IT pressures in mm of mercury, temperatures in degrecti Kelvin. The heats and equations

:NV ;lewdly for the process xtd(eat, with H 2 ) + H3 • xMIL, (sc.t. with met .1) The saturation solubilities

•v+ 	 witiktemperature.

;'•
CRYSTAL irraucTu RE OF SOME RARE EARTH liY flR1flI. ,-;

16.. Jr. , Mulford, R. N. It., and Ellinger, F. H.

r Journal a Physical Chemistry 59, pp 122G-1228, 12 December 1 .0Y;

Is II companion to the prev:ous abstract.

Abstract
Ce. Pr, Nd and Sin form an isomorphous series of hydrate , of composition Mit t to MR < 3 .

-rats and neutron diffraction dat:, have shown that 	 hytiri,icsor the fluorite-type structure and

that the additional hydrogen in :tit 	 -•„4 com position -. ,, 	 an. 	 In the ,n-tah, , drit inter-

stices at the fluarne• structure. 7'ht untt .;!,, 	 'h. !i■ rOk 	 n: 	 11 	 up hydrogen.

,
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laintefinD
•ItYDROKiXN SYSTEM

!!1; and ttlford. Robert N. -, R.

z ;tr 	 .eft "1.14411 Chai• Society tra 	 loan-los7, 20 Idarftil 10110t ,', e

Aseartbas tits wsiithy the authors on gadoliniunt hydride. This repoitis tintio*Sedt 1iMM ..„.
14101ineyett seam:Viten of zero differential expansion upon hydriding for p.doliniem

IOW ewe, do not state that the expansion tierce

&Whir& Abstract

Pressure-temperature-corn poi; itivn data are presented for the gadolinium - hydrogen *yet

rwe hydride phases exist, the first betng a cubic structure of ideal composition close to OdH2. fitS*;

batag s hexagonal structure of ideal composition close to Gd11 :1' Roth hydrides exist over Mt apositiaii

ranges. A partial phase diagram and X-ray data for the Gd-11 system are presented. Art .sdbstpy theihrile.

of -46.9 kcal. per mole of 11 2 is obtained from the P-T-C data for the conversion of bydrogen-saturatted,J:..

gedbUhiurn to hydrogen-def;cient GdH2 at temperatures from 600 to 800 ° . 	 •

SOME PHYSICAL PROPERTIES OF THE HYDRIDES

!Uwe R. E., Hornig, H. C.. Jolly, W. 	 Kury, J. W. , Ramsey, W. J. , and 

Witt- 4519, Revised June 1`,/56

LRL - Livermore

hydrides. Because of the age of the data some entries are not complete and others may have to be

modified to bring this information up to date.

Gilbert, P. T. , Jr.

SAA•821- 1502

Atomic? International, 15 October 1956

A very complete treatment the hydrides mentioned in the title plus information on other transition

element hydrides and binary alloy hvoridea.

Some of the *work may be getting 	 of date now, but it hi a good place to begin if one is interested is •

any of the physical and chemical properties of transition metal hydrides.



Tt '1,e rat tumor(' Li M-NICKEt. Atilt itynnouste.
Ltboatta. 	 Rated. Herbert P. • and CEA, Thotttia R. P.. Jr.
.11011ruist 	 Pftr.:`-, Mos. Vot, t t. p. if., 19611.

rePt0110.111grPes *Mina. It was found that the allay formed * hydride, approximatlitO the, Mich io-

sioletriit4tts" H was leek •table than airconnem hydritie at elevated iiitoperaturee by

des '*1111‘11111Vde in pressure (Dias, prossure,10021Un at 250 * C for ZrNI11 3). Noticeable ripitcreate

tiositionwils reported.

Warm` Metre*
The ieterection or the mtermeLillic compound ZrNi with hydrogen uhei studicd, and pressure-

tong:coition istothernis ware obtained a t 100 . 2trt3 and 2S(''. There With no rt, sernbLArd to the .., irfonium -

hydorgess trySt*M. The alloy formed a definite hydride. at a limiting composition 	 and possibly a

- isancesd 411144* SI ZrNIH. X-ray and density ni•.isureirtienta on both the alloy and the itydrideb, indicated a

diSittiod male Structure fnr 211 phasee. Hysteresis was observed on the ieotherron and a possibie

eaplatuitlon for tibia phenomenon is given on Ght• assumption of lattice defects.

FAURiCADION AND PROPERTIES OF if '1 IglIDEI) YTTRIUM - CRT,

ROOM'. J. A.. Ftuutton, E. S. , Bahlander, K. M.

AP E529
General Electric Aircraft Nuileiir Propulsion fiepartment, rebruar•. 1292 ,

(Wee data cat yttrium hydride and :Alloys f yttrium. Alen some data on nycirogt-il 'I:ft-us/on through an
iiiii•ciirotolum -altuntnurn

7,P1IIXDZDINGS SECOND METAL HYDI:If>1. COM• ERENCE October I 	 12,, 1959

LA.10-4 • SRD

A member of presents tiOn,, ,f: Tit' t ;.11

tsCisstques described 	 of

rt-u( •

tti;it ill10•111, , :6re 	 r

THE HYDRIDES OF THE HARE / ' , 12 211

flefirheeva, V. L • and /4•oat. 	 U.

Rusatan Chemical R. view.

This a a very good rf 	 <.r +:t 	 uu tt , ur:

It, Of coUr•!. contains a 	 .t):I".

.11 'h Tr , 	rit•SWA!, 	 r.• -



itAtuat AND PROPOITISS Or TRANSITION PUTAL ilT1MIDES
' Lai** 1 0 	 C 	 •

01 Katie*, *atrial* Vol. V, I (19$0) pp 1.0

fdplitt is a Vary it pod stbrunary of the work on the transition mid rare ewe* hydricille.

exception or yttrium hydride. tom about 1H7 to I ik5ri. M excellent bibliography its itseludWd
the article.

'V Abstract
- The basic chemical and physical properties at transition t;a-tal hydrides are reviewed with

parthsgar emphasis on the try-defile phases rather than dilute solat t,,ns of hydrogen in molais. The renew

lachicles dissumkions of the phases prusent in metal-hydrogen systems, their c rystal etructuree, prestmere-
ttaellPailititsi - temporatore relations, tnerniodvnathic propertie-. and vitt tilt :a and magnet ic propertisa.

The nature of transition metal hydrides is considered. f:vidence is given to show that May are
dettatte chemical compounds (rather than 	 solutions) th,ving some 	 ee of tonic character. The
tare deviations from stoichiontery exhibited etc these corripoundr, 	• xplained on the bag 1./1 of lattice
detects.

gametic hiECIIANisms iN Tali. rit,\`‘ , 111tv. Nti.;TAL. It

Beck. Itichard
TW-12$07
tisaveritasearch Institute, April l'tt , o

.

TMi t 	 la an attempt fit ext , :atrii.. , thr , •iis•rved proper-net, of Li-Ewe:tin❑ metal hydrides in terms of the
typeof 'chemical bond with v.bict, 	 r., • 	 in ht.,iingen 	 ,

A:ciboria Abstract

The effective hydrogen radii 	 ∎ 1 mt rat 	 vier • alculated on the heath of
crystal geometry and verified by rah ,eat: 	 .card 	 : it fir 	 These data

showed that the 1111- if bonds i.re pred•Jir, 	 h'etr. , sky.' 	 ., It . 	 :5% ionic character'

based on electronegativ it .. 	 T',:71.1111CrIt6 	 pr 	 v. id 	 not exhibit Its

maximum metallic vi.:/:•1(-4. :r hr 11 3
	'tr.	 f	 which 	 s that the metal

atoms In the rare eart h 	 !wc, androgen atn:T1S but arc bonded

ianically to the third hydroo:L.

A REVIEW OF 'nu RAPE I AEI'l

&Id/S.1rd, R. N. It.

AEC:t1-3813

LW Alines Scuentifi , l.atx,r;tt Q 	 April 1 0

A good review of the rare earth hydrides. Include , : a •c• 	 rystal structur• - - at the different hydride

dausiticia of the hydrides, van't ito:f plots. heatk; 	 tn,at iofl and ogle 	 phase diagrams.

IttoU'r—Cita



PreSetirity•-• 	 -' 	 , 	 ..,'. 	 \.,,,,,,,-,
eel CbI1011ettai4-.VD4 44 W-sakr 1900, pe 1104A3109

Of
_ 	 ■ 	 K' ' -et date then two systems in AO pressure, corm

us.''.v.,l'x'› ;•-- ,:-
.•+?;',-

ver3v 	 1.7fitcenie ratio for Ti and 0-1.111 atomic ratio

tort and iihnperhOare data are from 100 4C to 450 .C.
Presort" dafa

?,,T, •

&,- 	 .  	 ;•-•
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OP DESORPTION OF HYDROGEN AND DEUTERIUM FROM PALLADIUM WITH A
SILIVISS:PRCTROMST, ER
YoN, sndlonov. N. I.

of Tehhaieeil Physics - Soviet Physics. Vol. 5 02. August :0)60, pp 195-200

:irkh gives conclusive evidence that absorbed hydrogen is atomic but that the surface sets as a

citieberption for recombination to molecular' species.

Abstract
A ;Weed mass spectrometer has been used to investigate the possible formation of positive and

• hydrogeniona lathe penetration of hydrogen (at pressures from 0 - 120 nun Hg) through a
12snentbrane at temperatures of 80 - 750. C. With a. mass spectrometer sensitivity' ot 10",.

eeither positive nor negative hydrogen ions have been observed. In the interaction between the
1:41.14i106411.I.Un membrane and the hydrogen, the number of hydrogen atoms which are formed in the

Vtlhttiaa04141 )4 atoms is leak; than 1% of the number of hydrogen molecules. In the diffusion through the

•" . 1"•-•

at an equimolecular mixture of H 2 and D2 there are effect - due to HD molecules: thee. are
-; 	 •
ia amounts corresponding to what one would expect for random formation from H and II atoms.



REPORT
1668 to Septenther :t U, 1960

Riehard
h and Dry* 	 tent of At ta; Hydrides - SRD

111
•••

work on atreciniurn hydruie primarily. In addition, however, are P -C -T' ;data 11111i i1010111.11t.,•
sprosium;' gadolinium and titanium in the high pressure 	 1 tory and ft10,1,05*.prailts1, •

C. region.
.•.

Authors' Abstract
A detailed study of the fundamental relations in the zireortiutn-hydrogen system was malls In ordar-..

to tier* the many points of dispute and to evolve 0 c onipiete picture describing all phases of this trystego...
Ttesse data provided the necessary foundation from which ail intelligent evaluation at the engineering
praperties of pure and alloyed tirconiutn could be 	 ,

Maher phase of this work wax directed toward an engineering evaluation okinemig tor utilising
the various high cross-section incl.,' hydrides in shiciciing or control applications. The materials Sunda
combine the processes of thermalization caul 	 r • :on. Consequently, they are a cookidersible interest

„ • ,
foritemt its aitirrltifaj Or controlling epitticrmi.1 rc i t , tu t

° •'• 	 -	 - •

OF RARE EARTH METALS AND THEIR PRACTICAL APPLICATIONS
a and Kest

*DC - 60-1043

Ws lean article of little value because it gives only ink omplete 	 C - T data on certturs hydrides:

ARATION AND PROPERTIES OF SCANDIUM DIHYDRIDI,

./. C. , and Kempter, C. P.

eJottlitial of Chemical Physics, Vol. 33 15, 11 '60, pp. 1581- 1 585

The only generally available repo:t on scandium hydride. It reportf , that scandium forms a dihydride but

no tithydride as do yttrium and lanthanum. The c4iculated A II is 16.62 k cal/ma. It is pointed out that

OAS value of Ali may be low.

CHEMICAL THERMODYNAMICS (F NIATERIALS AT HIGH TF\TITRATUIIES

Edwards, Russell K.
I1P446-FR, June 31). 1961

Dtaoit
. , .

Institute of Technology

Rather complete P -C -T data on the yttrium and scandium hydro,,,ct Nystern: at high temperature

ssec is given,

aikusswaj
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hydrogen systems of scandiuM, laitthanuM, c *dim. suronittlati .jrtterbitern 0;4
esiiad that itoniUMILM and cerium trihYdrides hay heats tkdiSsociatio44 ,,

- A 1:Atiele of ytterbium Yb112.5 was formed ender 10 atinampbeie prestisir
No traria*+ higher than the dihydride were formed for seendiuni* -1-

oista REPORTS WHICH ARE NOT REFERENCED ELSEWHERE

•IItith;$
7 	 .

kiMiogrOgiiptirse primarily hydride data for the elements which are not transition or rare earth.

..e EN SYSTEM

reaStion Metals. 2 (1960) 46f - 400

se es yttrium hyd•-inr• fury.. .,.c1 h, iti,:naare L. 	 .1 1)111 711 a prtvlitt , kmanunication

not laciaded elsew here. heru.

Apex 30e
Apex 334
Apex 349
Apex 360
Apex 44"4
Apex 424
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TECHNICAL DA TA
1.4ndsity Chemical Division, American Potash and Chemical orporation West Chicago. Illinois

t_ytiCAAA4SWEn
PART II

CONSTITUTION OF MARY ALLOYS 2ad Edition

NO*rAta hi.
Ti 	 Hill Hook Co., New York, N. Y., 1058

A gesarsi survey of binary alloy phase data, with some daIli est the rani earth Warta *aided,

IFFEPEOSIUM- LITERATURE SURVEY

Wetowskt, G. E.
ICÁPLe41-GEW-1, 11/1J/58
Kattils Atomic Power Laboratory

The title of this report is a trifle misleading as it contains much information on many of the other rare ;.: •

earths is comparative tables. This report contains information on the chemical and physical properties

of dycieroaturn primarily. In addition some information on alloys and compounds is Included. The ',Dili- ,

ography included is of value.

MO PROPERTIES OP THE RARE EARTH METALS AND COMPOUNDS 	 4

11111041:14 3. A.. Miller, .1. F.. Kennedy, P. S., and Rengstnff, G. W. P.

Ilaftsills Memorial Institute, May 1, 1950

This is a gory good compilation in tabular form ca the physia .al and chemical properties of the pure rarang'

earths, and yttrium. and their aiwrs d compounus. lncli.d 1 are a Large number of phase diagrams. 3. ,

Little information on the nydrida ,hcluded.

R.7-10S9 and R - 6 - 859

Gives a summary zinc ptivsical and hcmical properties of 	 ,,rth trit•tals and yttrium.

RARE EARTH MINERALS AND METALS

Parker, J. G.

Bereft of Mines Mineral Yearbook 1960 (Supt. of liouanents, ; . 	 (,vernin.nt Printing °filet,
it/ashittiton. D. C. )h

Lists domestic suppliers of rare ear'as, the general purlfu .1;1:m 	 it-, and some potential uses.

4
WOW 'AC t r

hsu.t



iirsisrivIry (W THE HEAVY RARE.EARTI1 MMTALII
Legvold. & , and Spedding, P. H.

Vol. 120 ItS, November t, 1060. pp 741-746

AktAiatract
ttlectrldfil resixtivities of polycrystalline Gil, Tb, Lty, Ho, Er, Tm and Lis have bdivd,7;

tarsen 1.3 •K and room temperature. The slop* of tha resistivity curve for Od chip geiiatar
*rd. The curve for Tb is very much like that for t:1d but there Is some evidance tirsil°,.

ifiraperaturcs cxisi for this. metal. Ity, Ho. and Tm all show ;maks in resistivity near ttssir

Nee! While Er shows onty a change in elope at its Neel point. The change from ferromagnetism

to. 	 stiam In 1)y is been as a sharp rise In thi• resistivity.

•

Sarni  ALLOYS

kit'.

yan /11101ititspi, Princeton. N. .1.. 1961
4:• ; :'

.the tAbattidtplete and best treatment of the rare earths and their alloys avaUahle with theoretical

treatitall$t 01 alloying. Some hyrI•icle data is also included.

PhytOttssd chemical propertirt. are compiled as well as a great number of phase diagrams.

IS familiar enough with the field to make estimates of the value of the data he has collected

4,tisssipted to resolve disparities where they exist.
•

11.E RAILS EARI'l IS

WI by. sidding and Wane

Sob, Inc. Nev. York, N. V. 1961

eglifipliation of the papers presented at the first Rare Earth Symposium, November 1959. Covers

limed subject of the r 	 carts' and therefore it isn't of 	 valu.• us Gschneider's book,

esilrirests pi ope rt 	 tra scut. rtul

Tiaepapers in the l.00i ..r•;4 .	the	 imp fo ur	. 	 ,

Occurs en, e r•:1(.1 t'N , ' 	 , I) 0! r. rt. ri -d-trls.

Preparat!, ,, ,

.111, 	 l'rc.pertie, 	 ••	 in. • '.1 , and alloys.

IV. Applies: t e: '1. 7 and
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