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A 3STRACT

Mte are preésented showing the relationship betwsen pressure., ltempera-
hure. end composition of the hydride and of tho deuteride of plutonium. The
hawiride is shown to have the comnosibion represented by the formula PuHF at
cnom wemparature when the hvdrogen prossure is auvproximately 350 mua Hg. At
200 mn the stomio ratio is 2,97, at 25 mm 2.925, and at 2.L ma 2.6892.

o the LOOYC and 6§00°C inotnerms it is evident that the reaction

ve vhe metel with hvdrogen prncssds n the following steps:

3

i re]

(1) Pa+ B, — PuR,

Lier Fuoend PuE% being separute phaseny
(2 PoRet A0 Poll,
vha Fni. and Pufl. baing in solid eolutficn in one encther.
'"me hcat of the first remetion i3 celculated to be 32500 cal/mole.
o heet of tha second reaction varies with the compssition. When E/Pu=2. 6
a0 oiiferontial heat of reaction 1s --9550 cal/hole wnile at the ratio

= 2,87 1t ic <6180 cal/mole.

The pressure=composition ourves for the deuteride are parallel to

those for the hydride at the same temperatures. At corresponding compositions

whe pressures Prom the deuteride erc about 1.45 to 1,50 times greater than

=

iwnose from the hydride.
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»iTINTUM HYDRIDE AMD DEUTERIDE

It has been shown sarliier (LAMS-Q1) that the hydride of plutonium hac
a2 composition psar to that indicated by the formula PuH?; Wnile studying the
composition of the hydride by moans of a pumping method in which the hydrogen
viad pumped out of the compound at clevated temperstures by meane of a Toepler
pump, it was roticed thut the pressure of hvdrogon over the hydride at a givea
wemporature docreased markedly as hydrogen was removed. It was also noted that
-t or near saturation the pressure of hydrozen over the hvdride seemed to be
w1y unpredictables In order Vo clurify thess uncertainties a carefw) svadv wae
made of the pressuro-temperature-camposaition relasionships for tas hydrids and
=187 t'or the deuterido.

i PLUPOYITM EYDRIDE.

4. Deteraination of the formula

The ratio E/Pu vas cdeterminod by measuremsnts of the volume of hydrogen
taken up and pumped off several successive times. The apparatus consisted of
a rcaction tube, 2 10 ml gas burette for measuring the hydrogen absorbed, and
& Toepler pump with 10 ml gas burette for measuring the hydrogen pumpsd out.
The volumes of all parts of the appsratus were acourately known. The reaction
tube was hoated by means of a Fisher micro combustion furnaca.

The metal sample was a 52.¢ mg pellet designated Solid §, LAC-32 and
~a3 99.9 per cent pure. It had boen twice remelted in vacuo in cerium sulfide
ornoibles. Its density was 18.35,

In six successive determinations of H/?u made by measuring clternately
the volume of hydrogen absorbed, the volumo pumped out, absorbed, ete., the

wivea 3.01. 2.99. 2.91, 2.90, 2.93, 2.96 were obtained.:
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“ha first resotion (solid pellet) showed £a incubation nericd of 8
minvces and vas complete in 7 minutes wmore at 26.L°%¢C.. During the reoction eome
virbicies of hydride were threim off the metal olsse with sufficient velocitw
= zcatter them a dlstapnce of 3 centineters, In the fifth;determiuatidn it vas
revicod that suddun admissior of hvdrogen to the povdared metel cavued it to zlow
maonantarily, That thls glowing was nat duc ©to oxvsen es ap accidental imnurity
‘.. “ire nydrogen is proved by the resnlt coutained i: tas sizth deterainaticn.
715 incandescence indicates that the reaction is eccompsnied Lv.conridarabla
~ arution of heat and that the reaction rete is not much hindered dv hich
S=aneretures.

usine a larger smaple {L99.3 s, of metal and mersuring the voluae of
hwirazen pumped off at 550°Cﬁthe ratio W/Pu vas found to bo 2.97 :hiem the
initial hydrogen pressurs at room temporatures vas 200 mm, 2.925 whon ths
Lsessore was 25 mm. and 2.892 at 2.h ra. Thus whea nuerly saturated, tShe
“san wxhnibite & hvdrogsn pressure that is dependent on its comﬁositionq
teepoerdingly the system does not consist simply of two solid phases (metal
4nc nydride) in equilibrium with gaseous hydrogen-

. Pressure-temperature-composition relationships.

The apparatus is shown in Fig I. The reaction tube was connected
to the Toepler pump through a manometsr in such a vay thet when the mercury
is dravmn down out of the mancmeter the reaction tube is open to the punfo
tudrogen wes admitted to the system through the pump by first drawing the
wrcury down out of the manometer end out of the mercury seal betweson the
oy »0g the vacuum line and then f1llling the vacuum line with hydrogem:

“hoilig epparatus and 499.3 mg metal.the_datu in the uppsr part of Table I

tained, To memsure the lower nirossures, at conmpositions below H/Pu = 2

=
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dbt

ciie0d pRuge was duostiuvuted for the manometer, msocessisating also tho use
o' 8 aew metal samplo (05.8uL mg)-
“he experimental procedurs was as folloys: After formineg the hvirids
oo anpATRTRE WAS evacucted to 200 mm or less and the mercury raised in the
Tamnler v ovnoff, The wacuvm line ven then evacusisd to eboui i 7 e 60 GhaU
R mw‘hurinz.uuretbe cn tiies Toenier pump would msasure moouratelv. hea by
il viie Tocpler puap vhe reaction tube was punpsd dowva Lo 20y convenieat
vureving oressuro, say 29 mmy having vho manometisr set et B to dsefine evocurateliv
o volumg or the svatesm. 'Ine voluwse of hvdrogen obtained in this first
wauining (messured  in tho turette) is always lerser than the volume of fros
nodivoron -in tne system, the diiteresce being the hydrogon that is evolved Irom
HY GARMDLO GUriNg pPumping. 1Tho composition ol the original hylride i3 calculeted
e totel volwne of averensk vumpoed oub curing che whola osxpevimenc. The
= tion al apyv intermediate time ig caloulated from the volimo opvhuenod out
s w0 LAY tinme meking correction for the hydrogen present in the system at tho
wiyuhure and pressure obtaining at that time. The heated part of the systewn
==, n volumo of 1,757 ml from which is subtracted the volume of tho metal,
U2 mlo The'part of the system at room temperature had a volume of 1,21 ml
40 mark A, Figo I)o It would be betitor to correct for the absolute volums of
~he hydrido rather than the metal, but the density of the hydride is not knowu.
- voiume of the hydride 1s probably less Ghan twice that of the metal. The
ravance was thought to be so smmll as to cause no great error in the
T LONBo
AUS4r pumpinz out a measured quentity of hydrogen the temperature wac
ovshed Go oertein fixed values and the proessure reed, up to the limit of the

Ze reaction wabo wns then cooled 20 the marcurv could be drawn
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e vut of both erms of the muanometer., Then after heating to a suitatls
CrhgMvature apother measured volume of hydrogen vaas removed. Then ufter
~njusting the manometer sncther series of preSsure and tomporature readings
wad .madg, The deta are presented in Table I, For each pressure the ratio -
#/Pn has been calculated as mentionod above .

leothorms for the H/Pu system ars plotted in Pigs YI and ITi., Ths
‘eosveney of pressurc with chanzing mol ratio below 2 shevm in the LOOYC ard
Siave izatherze of Fis I1JI indicates thot when the atomic ratio is below 2 the

R T X

i 4= 13-—-~>\ PuH. ., (1)

T\?

se M and Pull~ veing separate phases. In the region from P/Pu=2 to H/Pu: 3
e reaction is

fuf, T FHy,—> Pul;, (2)
Sie cus end Ful, being in solid solution in one another. It is also possible
tint: saditionai hydrcgen may be in folid solution in these compounds.

Pressure-temperature curves arc shown in Fig IV for three compositiona:

= Pu = 1.97, 2,60 and 2.87, plotting log P against {1/T°K)a The values used
in arawing these curves were taken from the isotherms, Figs II and III, The

wsovations for the best straight lines through the points are

for R/Pu= 1.97 logyo B = <7.13 x 107 (1/7) + 8,77
for BE/Pu=2.60 loglo | =l 17 x 10° (1/7) + 9.9
fur H/Fu=2.87 1egyy Fpp = <207 = 103 (1/2) + 8.8
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250¢ 100° 160° 200° 300° | Lo0° 500°
| e e ]
' E/fu| P B/Pu | P B/Pa | P B/Pu] P B/Pul P | HpPul P HPa | P
o
2.97 {200 | 2.90 } 153 | 2.87 |3&, 2.79 | 354 2.60 § Los | 2.45 {245 2,29 | 160
2,93 | 22 2.88 { 88,8{ 2,82 | 87 2.75 | 251 | 2.55 { U8 {231 ] 254 | 215 19
2.92 9.5% 2.8%5 } 8.,0f 2,77 | 61.5} 2.70 | 126 2,47 { 39 {215 | 2.2 | 204 2,5

2091 808 2078 hoh 2071 i 15 20& hlo7 2031 0\,8 2roib loL}.

P AR P P PRI Rt e

2.89 2.5t 2.71 1.0{ 2,64 | 10 2.56 £.0
2,83 Oy} 2.65 ' ¢1.0} 2.56 1i] 248 1.4

" 1,97 {0.0003} 1.97 { 0.008 | .97 0036
1,27 | 0,008 | 1.27 0,362

3ASv313d O I'ldNd d04 d3N0HddV

—— A s 4 | ot P

| 0.66 | 0.008 | 0.66 0.365
' : 0.29 | 0,008 | 0.29 0034,

i ' 0.006 | 0,018

% From this point on pressures were measured by meens of & Heleod gaugec

3ASv3134 O 1I'1dNd d04 d3N0HddV
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From thes slopes of these lines the heats of reaction are found to bo

for reaction (1), AH = 32500 cal/mole

for resction (2),0H= <9550 cal/mole when H/Pu = 2.6

and A=z «5180 cal/mole when H/Pu = 2,87

The shapes of the isotherms, Figs II and III, indicate that &t higher
pressures of hydrogen atomic ratios groater than 3 may bs obtained, though
rather large pressures would be required to increase the ratio significantly.
At room tamperature the ratio reaches 3 at a pressure of about 350 mm as es-
timated by extrapolation. A% a pressure of 10 ma the ratio is reduced only
to 2,92~

I, PLUTORIUM DEUTERIDE

The substitution of deuterium {99%) in place of hydrogen in the above
experiments yielded nearly identical results, At room temperature, under 9 mm
D, pressure the atomic ratio‘D/?u sy found to be 2.8,

At a composition corresponding to a ratio of 1.95, tho pressure at
Loo°C vas 0,01 mm and at 500°C was 0.533 mm. These pressures are definitely
higher than the pressures of hydrogen over the hydride at tho samo temperatures.
The curve for log'P against (1/T°K) is parallel with that for the hydride
within the limits of asccuracy of ths data., Accordingly the heat of resction
is the same for the deuteride as for the hydride. The 500° isotherm for tho
deuteriée is parallel to that for tho hydride, the pressures at corresponding

compositions being 1.45 to 1.50 times greater.

= =
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