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ABSTRACT

The effeot of temperature on the rate of the reaction 2U+3H2+2UH3

has been investigatedbetween 150 and 3’75°C. The hydride forms most rapidly

at 225° C. With unpurified tank hydrogen, an incubation period is found dur-

ing whioh no apparent reaction occurs. The incubation period oan be eliminated

by suitably purifying the hydrogen. In eleven runs in highly purified hydrogen.

the formula of the product averaged UH30000
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J.NTRODUOTION

The

was oomploted

work described in this report was started by C. S. .%nith”and

byJ. 1?.Burke.

of reaction temperature and of

with massiwc)uranium metal. A

Tho main objects were to study the effect

hydro~en purity on the reaotion of’hydrogen

few incidental observations are also re-

ported.

5~PER1~~NTAL pf/OCRD~RE

For most of the work, a half-inch length of 0.0625 uranium wire

made by Westinghouse in 1942 from electrolytic metal was contained in a

small closed-end pyrex tube which was heated in an electric tube furnace

equipped with automatic temperature control. Hydrogen was adnitted to the

evacuated tube after it had reached the desired reaction temperature and

the rate at which it was absorbed was measured with & gas burette. The

pressure was maintained at atmospheric, which at this location is 580-590

min.

For most of the work an all-glass gas train was used, but for the

early work a less elsborate apparatus, with rubber aonnactionsO was usedo

Hydrogen directly from the tank was used ror the early experiments. ,Atan

intermediate sta:e of operations the oxygen was removed by passing it over

platinized asbestos at 3000 C and through P2050” For the final work, all

impurities capable of reaoting with uranium were rcrnovedby passing the

hydro:en over uranium metal turnings at 475° C, at whioh ter.peraturethe

hydride does not form at atmospheric pressure. UNCLASSIFIED
EFFECT OF TW4:2RATURZ ON RAM OF RCAC1’10h

The data on the absorption of hydrogen by uranium are given by the

curves in Fig. 1. Except for the one run in tank hydrogen .at250° C, all

these tests were made with hydrogen purified over uranium turninsso ‘The
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APPROVED FOR PUBLIC RELEASE



+=

curves for 200 and 250°, and for 175 and 275° nro not precisely the same, ‘butare so

doaa to each other that in this report they are given es single curves.

The slopes of the curves give a measure of the ratm of reaction.

The slopes of the appraximatoly straight-lineportions of tho curves have been

measured and corrected for surface area of the uranium wire. Those data are

listed in Table I and are platted as ciroles in Fig. 3.

TABLE I

Effect of Ternporaturoon Reaction Rate
Hydrogen Purified Over Uranium Turnings

Reaotion Temp. Spec. wt. Ratio

‘c gllm● ntoms R ; atoms U

150 0.4240 3.03

175 0.4281 2.99

200 0.4183 2.96

225 0.4240 3.04

250

275

300

330

The hydride

difference in the rate of

004300 3.03

0.4345 3.03

0.4384 2*99

0.4125 2*9L

Average Formula UH3.oo

form most rapidly at 225°C but

formation betwenn 175° and 2509

(Gin.

/mn2

atoms H absorbed/~zn

sur. area U) x 104

5.80

6.70

7.10

7.55

7*1O -

6.20

4.12

20.30

there i8 no great

C. At higher temp=

eratures the rate fallc off rapidly as might be expected from earlier data on

tempwature-pressure,rolationships in this system.

The values of the hydrogen-uranium atomic ratio in tho hydride formed,
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oaloylated from the weight of’the specimen and the volume of hydrogen formed,

are given in column 3 of Table I. The error in this ratio would be ~ O.O3

if one assumes room temperature to be off.by 1° (I$gas volume by 1 cm3 and

barometric pressure by 1 mm, with all errors in the same direotion. Thus there

is probably no significant difference between the formulas of the hydride produaed

bcrtweenthe temperature of 150 and 300° C, but the lqvdridoformed at 330° C has

a significantly lcnYm hydrogen content.
t

To determine whether the rate of hydrogen absorption is a function of

surface area, the volume of hydrogen absorbed per minute per square”centimeter

of suri’acearea of uranium present was calculated for the 225° ourvo. The surface

area was corrected for the amount of uranium that had reacted> with the assumption

that the reaction progressed uniformly in from the surface. The results are

listed in Table 11. Those data aro plotted in Fig. 2.

The rato of reaction thus appears to be practically oonstnnt for a

given surface area, except at the beginning and end of the reaction. It is

.
realized that the truo

tho c+imple

is forming

oonatanto

l’s.tiowill

tho dip at

geoxmtwical

freely, the

surface area of the specimen may differ tremendously from

surface area. Hoivevor$it is likely that onoe the hydride

ratio between true and apparent surflme area will be

At tho beginning and eapeaially at the end of the reaction, tho

certainly not be oonstant and this undoubtedly aooounts for part of

the ends of the curve. A slight incubation period before the reaction

starts accounts for most of the dip at the beginning of the curve.

-’
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Percent Total
Vol. Hz used

m

20

30

40

50

.
60

70

80

85

90

92

94

96

98

100

(:---

TABLE II

Rate of ilydrogenAbsorption corrected
for Surface Area of Uranium Specimen.

Time - rninuteB

2.8

3*9

5.2

6.4

7,8

9.3

Zloo

13*O

14.2

15.6

16.3

17.2

17.9

19.0

21.0

(M# Hz Absorbed per min po~
2cm area of’U. I

o.??30

1.09 I

1.34
4

1.43

1,36

1.38

1.38

1.35

1037

1.38

1.37

1.36

1040

1.45

1.06
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EFFECT OF HYDROGEN PURITY

Tho Qffeot of hydrogen purity

The most striking offec% of impurity in the

was investigated quite extensively.

hydrogen is an i.noubationperiod

for the reaction, during whioh time no apparent reaction oocurs.

A sample curve obtained with unpurified electrolytic tank hydrogen

at 250° C is given in Fig. 1. In this case practically no absorption of hydrogen

oocurred for 28 minutes~

normal rate.

Removal of

‘thenthe reaution started suddenly and

oxygen from the hydrogen by passing it

proceeded at the

over platinized

asbestos and drying reduces the incubation period but does not elim$nate it.

Passing the hydrogen over heated uranium turnings praotisally eliminate the

inoubwtion per%od. This indioatieethat impurities in the hydrogen other than

oxygen oan also be responsible for the

likely impurity. Tho affect of o~gem

introducing about 0.25 percent 02 into

incubation period to increase to about

incubation period. Nitrogen is the most

on incubation period was oonfirmed by

purified hydrogen$ this caused the

20 minutes at 250° C.

The effect of hydrogen purity and of reaction temperature on

purity on the duration of the incubation period is shown in Table 111.

EWn withtho purest hydrogen used, an incubation period was

at 1500 c. This may be due to traoes of adsorbed moisture in the specimen

hydrogeii

found

tube

and in the rest of the system.

p-,.? The rosulix)all seem to indicate

by the formation of a more or loss impermeable

uranium, whioh film must bo removed before tho

that the incubation period ia oaused

oxide film on the surfaoe of the
I

hydride reaction oan ooour. A

higher temperature would permit more rapid diffusion

film, GO that the surface layer would span off more

reaction to prorseed.

of ~drogen through the

rapidly, and permit tho
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TABLE 111

)lffectof Reaction Temperature and
Hydrogen Purity on Incubation Period.

- .. .. .... . . . ... ._.-— ... ....... . ... .. .. .—. -.., — - ... . . . .... ... -z -,>.-,. ., ”.-.”.

Reaotion Temperature :-
.......-A-..,”---,-

1

—.. ---,..
Incub&~o~eMl&&es-for _u.

~
unpurified I

..-.—-..
Hz passed ovor hot-

‘C tank H2
~ %? Wssed over !

Pt+.asbestos and P205! U turnings )t

150

175

2!20

225

250

275

300

330

350

375

-.

37

13

9

s

2

. .

-.

“-

20

3

1

0

0

0

0

i
!

0

the film responsible for incubation mud form in hydrogen, because

neither an oxide-nitride film formed previously at room temperature in air, nor

a similar film formed by holding at 260° C for 2 minutes had a measurtibleeffeot

on incubation

Fig. 1.it can

approximately

In Fig. 3 the

period.

~drogonpurityha~ no Iargeeffect on the rate of reaction. In

be seen that the slopQ of the 2SOo uurve in tank hydrogen is

the mme as the slopo of the 2500 C curve in purified hydrogon.

reaction rates from a number of runs made intink hydrogen have

been plotted (the x-points). They correspond very closely to the rates in

purified hydrogen.

~*
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One run was mado in a continuous atroam of tank hydrogon, to

determine the effect of continuously replenishing the supply of impurity. Tho

reaction occurred, only sligh-tlymore slowly than in stagnant hydrogen, the

total time required being slightly over an hour as compared with about 50 minutes

with the still gaa.

Apparently, once the

puri~ the hydrogen,

The produot was blacker than that obtained in still hydrogen.

reaotion starts, the hydride itself can act as a getter to

allowing the reaction to proceed.

EFE’ECTOF THE METAL

. Praotiotillyali of the tests reported here were mado on samples of

0.0625” uranium wire. However, to determine the effect of metal variables, a

piece of biscuit#F 2032 reduoed by calcium in a bomb with a fired magnesia

liner, was converted to hydride at 250° C. The hydrogen-uranium ratio in the

produot’was 3.01 and the hydrogenation appeared to proceed in normal fashion.
.
Several runs wore made at 2500 C w%th wire whioh had been reduood

about one quarter in thiokness by cold rolling. The rate of hydrogen absorption

by the~e specimens was only about 80 percent of the rate for the unworked

speoimons, on the assumption that rolling oauscd no oharqgein surface area. After

correcting the

ie found to be

explanation is

result for the larger surface area of

only about 67 peroent of that for the

offered for this at present.

the worke!dspecimen, the rate

unworked speoimen. No
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