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A 3STRACT

Mte are preésented showing the relationship betwsen pressure, ltempera-
ture. cnd composition of the hydride and of the deuteride of plubtonium. The
wdrido is shown to have the comnosibion represented by the formulia Pu35 at
coom veaperature when the hvdrogez prossure is asproximately 350 mm Hg. At
200 mm the atomio ratio is 2,97, at 25 mm 2.925. and at 2. mm 2.8G2.

vrom the LO0YC and 6§00°C isotherms it is evident that the reaction

vy vhe metel with hvdrogen prnessds in the following steps:

3

(1) Pa+ B, —

4

ul, ,
rl Fuoend PuE% being separate phasen: ‘ '
{2 Pof.t 47— Poll,

vhe Po¥. ond PuBl. baing in solid soluticen in one encther.

"*he hcat of tho first reacitioan ia calculated to be %2500 cal/%ole:
ne heet ot tha second reaction varies with the composition. When E/Pu=2. 6
vno wiiTereontial heat of reaction is 9550 cal/hole wnlle at the ratio
b= 2,87 1t ic <6180 cal/mole.

The pressure=composition ourves for the deutoride 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

=

wnose from the hydride-
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»iFNTUM HYDRIDE AND DEUTERIDE

It has been shown sarliier (LAMS-Q1) that the hydride of plutoniun hac
a2 composition psar to that indicated by the formule PuHé; ®nile studying the
composition of the hydride by moans of a pumping method in whioch the hydrogen
viad pumped out of the compound at clevated temperstures by meane of a Toepler
pump, it was rcoticed thut the wressure of hvdrogon over the hydride at a givea
wemperature docreased markedly as hydrogen was removed. It was also noted that
-t or near saturation the pressure of hvdrczen over the hydride seemed to be
w21y unpredictables In order Vo clurify thess uncertainties a carefw) stadv was
made of the pressuro-temperature-campoaition relasionships for thse hydrids and
wi8n for the deuterido:

i PLUPONITM EYDRIDE.

4. Deteraination of the formula

The ratio H/Pu was determined by measurements of the volume of hydrogen
taken up and pumped off several successive times. The apparatus consisted of
a recaction 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 heated by means of a Fisher micro combustion furnacae.

The metal sample was a 52.¢ mg pellet designated Solid §, LAC-32 and
wa3 99.9 per cent pure. It had boen twice remelted in vacuo in cerium sulfide
ornoibles. Its demsity was 18,35,

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

wwives 3.01. 2.99. 2,91, 2.90, 2.93, 2.96 were obtained.
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“ha first resction (solid pellet) showed £a incubation nericd of 8
minvves and was complete in 7 minutes more at 26.L%. During the reoction eome
pvirvicioes of hydride wero threwn off the metal olsce with sufficient velocitw
t= zeatter them a distance of 3 centinetors, In the fifth‘determiuatidn it was
rotviced that suddun admissior of hyvdrogen to the pcwdared metel) caveed it te zloe
mamantarily, Tlat thls glowing wa2s nat duc to oxvsen es ap accidental Iwmnurity
‘.. wne nydrogen is proved by the reaulf cbtained i: ths sizth deteraination.

Tuis incandescence indicates that the reaction is eccompsnied Lv.conridars

4
B
(4]

~ orution of heat and that the reaction rete is aot much hindered bv hich
Sxuneretures.

using a larger sauple {L99.3 msr’ of metn) and mensuring the voluae of
hwirozen pumped of £ at 550°C,the ratio W/Pu ves found to bo 2,97 whien the
initiel hydrogen pressurs ati room temperature vas 200 mm, 2.925 when tho
pressure was 25 mm. and 2.892 at 2.Lh rex. Thus whea nuerly saturated, tShe
wasan =xhibite & hvdrogsn pressure that is dependent on its comﬁositionq
tpordingly the system does not consist simply of two solid phases (metal
snc nydride) in equilibrium with gaseous hydrogen-

k. Pressure-temperature-composition relationships.

The apparatus is shown in Fig I. The reaction tube was connected
to the Toepler pump through a menometer ia such a vay thet when the mercury
is dravmn down out of the mancmeter the reaction tube is open to the punfo
“udrcgen wes admitted to the system through the pump by first drawing the
wicyury down out of the manometer end out of the mercury seal betweson the
o 20y the vacuum line and then f1lling the vacuum line with hydrogem.

L inig eppatatus and 499.3 mg metel the data in the upper part of Table I

otained. To measure the lower prossures, at compositions below A/Pu = 2

= —
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TeiiM0u pRUge was duostiuvuted [or the manometer, msocessisating also tho use
o 8 aew netal samplo (05.84 mg)-

“he experimental pirocedurs was &8s follovwad: After formine the hvirids
- wOpATRTRE WAS evacucted to 200 mm or less and the mercury raised in the

Yy

Pramnier o cvtolf,  The vacuum line wos then evaouvsted 0 alouu 1

w60 Lhatv
Lous oemescuelon ovretce on tihs Teepler pump would msasure mocuradtolv. thea by
v o' Lo Tocpler puap vhs reaction tube was punpsd down Lo 2y convenieat
a2 eving oressuro, say 29 mme having tho manometsr set et B to define evocurateliv
ot dalume or the svateme ‘Yhe voluaze of hvdrogen obtained in this first
uoaroing (measured in tho turette) is aiways larser than the volume of fres
nudvoron -in tne system, the diiteresce beuing the hydrogon that is evolved irtom
SHY SAWMDLO GUring pumping. 1he oompo&sition of the original hydride i3 calculeted
- vhe totel volwae of averessn vumpoed oub curing che whola oxperiment. The
wotlon att apy intermediate $ims is caloulated from the voliuo piuned out

s W Lt time making correction for the hydrogen present in the system at tho

wionture and pressure obtaining at that time. The heated part of the systew

. & volume of 1,757 ml from whioch i8 subtracted the volume of tho metal,
027 ml, The'part of the system at room temperature had a volume of 1.21 ml
4o mark A, Fig, I)o It would be bettor to correct for the absolute volums of
~ne hydrido rather than the metal, but the density of the hydride is not knowi.
T voiwme of the hydride 1s probably less Ghan twice that of the metal. The
cravance was thought to be so smmll as to cause no great error in the
TrCcTionge

AU%er pumpinz out & measured quentity of hydrogen the temperature wac
ovshed Go oertein fixed values and the proessure reed, up to the limit of the

ISR PO T A

fne reaction uabo wns them cooled szo the marcurv could be drawn
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wowie vut of both erms of the manometer., Thenm after heating to a suitutls
vihypirature apothner measured volume of hydrogen waa removed. Thoea after
~tjusting the manometer ancther series of pres;sure and temporature readings
wad g, The deta are presented in Table I, For each pressure the ratio -
/P nas been calculated as mentioned above.

lcothorms for the H/Pu system ars plotted in Pigs YI and ITI. Ths
aonsuaney of pressurc with chanzing mol ratio below 2 shewm in the LOOYC apd

Sixv ¢ isotherze of Fig IYI indicates thet when the atomic ratio is below 2 the

“ ¥ By——3 Fuls, (1)

T\?

46 M oand Pub~ belng separate phases. In the region from F.'/.Fu =2 to H/Pu: 3
e reaction is

fuf, T FH,—> Pul;, (2)
Sie culs end Ful, being in solid solution in one another. It is also possible
Lias zadivional hydrcgen may be in solid solution in these compounds.

Pressure-temperature curves are shown in Fig IV for three compositions:

= Pu= 1,97, 2.60 and 2.87, plotting log P againet {1/T°K)a The values used
in arawing these curves were taken from the isotherms, Figs II and III, The

sovations for the best straight lines through the points are

for R/Pu= 1.97 logyg B = <7013 x 10 (1/7) + 8,77
for BE/Pu=2.60 loglo P = <l 17 x 100 (1/7) + 9.9
fur H/Fu=2.87 1egyy Fpp = <207 = 103 (1/2) + 8.8

= =
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FRESSURE-TE#PERATURE 20 o IZ10H D FOB FANTO QU5 B O4 )

P e i - -

25°¢ 100° 160° 200° 300° Loo° 500°

R s, J AL B A eratimg ]
! E/Pu| P BfPu | P B/Pu | P B/Puj P B/pal P | m/ea | P B | P
o
2;97 200 : 2< 90 153 2c87 364 2:79 351* 2<,60 bos 2;!45 2145 20 29 160
2.93 22 2,88 | 88.,8f 2,82 { 87 2,75 | 231 | 2.55 { 148 2:31 5.0 2:15 19
2,92 9,51 2.83 8,01 2,77 61.5] 2.70 | 126 2.47 { 39 {25 ) 2.2 2.04 2.5

2091 8.8 2,78 Loli} 2.73 § 15 2.84 | Li.7 2,31 0.8} 2.04 loly
2.89 2.5 { 2,71 1,0 2,64 | 10 2,56 4.0 '

AR D N AT At HTVE TN

2.83 0L} 2.65 ' ¢1.0} 2.56 1.4] 2.8 1h
w 1,97 {0.0003} 1.97 | 0,008 | .97 0.38,,
1,27 | 0.008 | 1.27 00362

3ASv313d O I'ldNd d04 d3NoHddV

0'.-66 0-008 0.166 0°365
4 - 0329 00008 0929 0°3Q"*

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 the 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 at higher
pressures of hydrogen atomic ratios groater than 3 may bs obtained, though
rather large pressures would be requi;ed to increase the ratioc significantly.
At room tamperature the ratio reaches 3 at & pressure of about 350 mm as es-
timated by extrapolation. At a pressure of 10 mm 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
D2 pressure the atomic ratio‘D/?u way found to be 2.8,

At a composition corresponding to a ratio of 1.95, tho pressure at
L00°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 1og' P against (1/T°K) is parallel with that for the hydride
within the limits of accuracy of ths data. Accordingly the heat of resotion
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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