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'CREVICE CORROSION OF URANIUM AND URANIUM ALLOYS
= - o by

J. W. Frank and A. H. Roebuck

(2]

’ ABSTRACT

In order to study crevice corrosionof uramum in high
temperature (500°F)Water three types of experiments were
undertaken, Thése were (1) capsule experiments, (2) bonded
plate-pin holé’ exper1ments and (3) gaseous hydriding experi-

.ments. These experiments are described in detail.

(3

The first two types of experiments showed that the

,}:) o corrosion of enclosed uranium by water at this temperature
differed markedly from that of uranium in open contact with
water, as had been found tobetrue at lower temperatures.(l)
In order to verify that the mechanism previously proposed 2)
held true for this temperature, the third type of experiment
was undertaken. These experiments were made at high tem-

~ peratures and low pressures, and showed a definite relation-
ship between rate of ‘reaction and (1) temperature, (2) gas
pressure, and (3) alloy reacting. The corrosion resisting
alloys apparently react readily, but require an induction pe-
riod.{2) After the 1nduct1on period, they behave similarly
to unalloyed uranium.

Q

2y

)

Capsule Experiments )

: In order to extend the work of other 1nvest1gators(l 3 »4) to water at
e 7 500°F; crevice corrosion was 51mu1ated ‘such as m1ght take place with un-
‘ . bonded fuel! elementsi Cylmders ofv uranium and uganium alloys were ma-
5 i chmed to flteloosely 1nto perforated stainless steelfcapsules “These “capsule”
spec1mens were exposed to high temperature watel; unt11 the corrosion proc-
ess caused swelhng and rupture Lreoa

Lo = [T
LR o

Results of these experuhents showed or verEﬂed that: R z

e

G o : I. '?I‘ahe-**sw%‘*ﬁling and rupt re’pr"oeesses are

e AT e RS e IR P

=) 2. Swellmg and rupture result from pressure of the corrosion
_ products : '

; 3. " The positiorfr ‘of the pin hole is not a major factor in determining
f " the corrosion rate, and the location of rupture is not limited to
w ’ the pin hole area. o, :

.
‘oseses




w

«y o

“‘F

ul

o
«q

-y

iy

13

ok,

4. Furbthert_fey-idence is given for thé postulate(z) that the mecha-
' nism of . ‘crev'ice"corrosion is a two-step process involving
uranium’ hydrlde This is effective only when the uranium is
: enclosed in such a way as to trap part of the hydrogen evolved.
Uranium hydride has been identified as a corrosion product in

capsule'-tests containing unalloyed uranium in water at 500°F,
as was previously reported at lower temperatures,(3)

5. The corrosion resistance of either uranium - 3% niobium
alloy or uranium -"1-1/2% niobium - 5% zirconium alloy

was superior to that of unalloyed uranium,

Sample Description

Each sample con51sted of a cylinder of uranium or uranium alloy,
3/16 in. diameter by 3/4 iin. long, sealed in an AISI type: 304 stainless steel
capsule, 1/4_ in. diameter and 1-5/8 in. long. A 1/32-in. pinhole was drilled
in the side wall of the capsule; the position of the pinhole relative to the sam-
ple was varied. When assembled, there was about 1/8 in. void space above the
uranium cylinder in the capsule and about 3 mils clearance on the side between
the uranium and the 1n51d,e wall of the capsule. :

Equipment

All samples were tets‘ted in the thermal syphon leg of a large auto-
clave. The syphon leg was equippedwith a sight glass which permitted visual
observation and study by time-lapse motion picture techniques. Several ura-
nium alloys which exhibited high corrosion resistance were removed for further
long~time testing in standard small autoclaves. '

Experimental Conditions

All te.'s"_tsfvs}ere 'c;arried out :ir,{_-in:eu,t-ral*,' high purity Water.

In the s1ght glass the- max1rri1u1n steady state: temperature was 460F.
The flow rate past the sample was e’stimated to.be about lO fps. Analyses
showed that the water contamed from 4 6 ml dlssolved oxygen per liter at
STP ' : Sl - :

Tests in the standard small autoclaves were run in \ 500F water con-
ta1n1ng about 1 rnl dissolved oxygen per 11ter 5 :

Sy

Experiments _Perforrned i

A number of eXperiments were'performed'using'th'e ‘capsule” type
sample described above. Several of the more 1nterestmg are discussed
below: '
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Experiment

Conditions

Normal uramu:n alpha annealed - Hole near top of sample,.

Normal uranium, alpha annealed Hole near bottom of sample.

Uranium-3% n1ob1urn quenched from 1470F., Hole near center.
of sample '

Uranium-3% niobium, as-rolled. Hole near center of sample.

Uranium 14-1/2% niobium - 5% zirconium, quenched from
_1470F. Hole near center of sample.

Discussion

Experiments 1 and 2

The first two experiments were run on normal uranium in order to

obtain reference data for comparison with alloyed specimens. The position

mining corrosion rates

The test results are shown below:

.of the hole was varied in order to determine whether it was a factor in deter-

Elapsed Experiment: l (Hole near Top) Experiment 2 (Hole near Bottom)

Time, Temp., ' Temp ,
min. F Comments F .- Comments
0 70 70
15 100
25 200_; Bubbles evolving from
o pmhole slowly.
- 45 S | 3’001 Rap1d bubblmg
50 125 Bubbles evolving
‘ e 'from p1nhole slowly
75 170 ‘:Bubble rate 1ncrea51r1g
85 280 - Rap1d bubbhng
90 320 Bubblmg stpp_peg. R
‘115  o R 350 A"Ra'f‘):id bubbling.
145 360 BﬁBbliné stoppecl ) 400’: _Babbling' etqpped. .
160 425 Sarruple started to swell
above hole. :
165 400 450 |
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Elapsed Experxment 1 (Hole'i'nea»r -Top) Exper1ment 2 (Hole near Bottom)

Time, Temp., .. . - Temp.,, .
min. F . Comments b O Comments
180 420  Sample started to
" swell below hole. v
185 : A : 450 "Sample split above hole;
- "~ rapid evolution of gas
bubbles.
190 440 -
195 450 = Sample split below,

hole; rapid evolution
of .gas bubbles.

205 - 450  Split approx. 1/2 in. long
‘ - and 1/8 in, wide,

215 450  Split approx. 1/2 in.
long' and 1/8 in.wide.

Both samples spht after approxxmately the same exposure times
(takmg into consideration the rates of heat1ng, etc ) Therefore, it was con-
cluded that the position of the hole was not a major factor in determing the
corrosion rate. Co

In the experirnents with normal uranliurn,‘ there were three fairly dis~
tinct phases of gas vevolution from the capsule. During the first phase, bubbles
were evolved rapidly from the pinhole: ' '

‘ U+2HzO—>UOz+4Hz ’ (1)

During the’ second phase the bubblmg slowed down or ceased, This
phase of the experlment usually lasted about’ 1/2 to 'l hr, and was followed by

-a rapid swelhng and rupture (see above table) "The th1rd phase, immediately
' ‘followmg the rupture, 1nvolved a rap1d evolut1on of bubbles

, The corros10n of uranlurn under the condltlons of thls test apparently
involvées more than a s1mp1e ‘one- step reaction. A port1on of the uranium

-corroded is f1rst converted by the hydrogen evolved from the react1on shown

in Equatlon (1) 1nto the hydr1de (3)

U+ ;EH;Z'f","UH3} (2)
| Uranium hydrlde has been identified: ‘as a corrosion product in corroded V

capsules which contained normal’ uranium. The hydr1de reacts readily with
water by Equatmn (3) to. form UOZ and l1berate hydrogen

.
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Ufig,_}r ~2H"ZO——>,UOZ_ +%Hz (3)

The extent of the convers1on shown in Equatlon (2) and the role of
UH3 in uranlurn corrosion 1s apparently a function of the access of water to
the uranium. When uranluxn is enclosed so that water has only limited access,
and evolved hydrogen may be trapped and exert an appreciable partial pressure
on the uncorroded metal; hydnde formation is postulated(z) to be-an important
factor in the corrosion rate. In open contact with high temperature water, the -
corrosion of uranium is apparently much less complicated by hydride formation.
It is to be noted that with a'loose fit, such as in these experiments, hydride
swelling did not appear below the bo1l1ng point. Further, in the corrosion of
unclad uranium in steam at 180°C, more hydride was fOund than when uranium
was corroded in liquid water at the same temperature. Therefore it appears
that to form hydnde more isolation from the water is required the lower the

temperature

Experiments 3, 4, and 5

Experiments 3, 4, and 5 were conducted.to determine the effect of
alloy addition and heat treatment on the corrosion of uranium.

A uranium alloy contammg 3% moblurn was tested in the quenched con-
dition (Experiment 3) and in the as-rolled condition (Experiment 4). The alloy
was quenched from 1700°F; rolling was done at 1550°F. The pin holes were
near the center of both samples.

~

. Test results for the quenched alloy are shown below:

Time of Temp.,

Test, hr. °F -Comme‘nts

Tested in ’sight- glass. No fappare'nt corrosion.

56 460
97 500 Tested in autoclave. No apparent corrosmn.
137 500 No apparent corrosmn. '
88 500 - Slight swelling above hole. T
66 . 500 Jagged split through hole extendmg about 1/4 in. upward :
and 1/4 in. downward with a sllght sp1ra111ng Approx1- o
mate. Wldth of. spht 1/8 in, ; . :

444 Total

The as-rolled sample ruptured in about 5 hr, at 460F, Swelling was
noticeable about 20 minutes before the rupture occurred. Thus, it is seen
that proper heat treatment is an important factor in achieving maximum
corrosion resistance for the uranium-3% niobium allgy, :
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.'temperatures of SOOF or above

In Experiment 5, a uranium alloy containing 1-1/2% niobium and 5%

- zirconium was tested after quenching from 1470F.

The results of the tests were as follows:

Time of " Temp., .

Test, hr. ' o, - Comments
28 460 " No apparent corrosion,
163 - 500 Sample split.

This alloy exhibited corrosion resistance superior to normal uranium,
but inferior to quenched uranium-3% niobium alloy.

’ Other experiments showed that capsuled samples of the non-heat
treated uranium 1-1/2% niobium - 5% zirconium failed in less than 7 hours.

BONDED PLATE: PIN—HOLE»EXPERIMENTS 7

Sample Description

Several small roll" bonded plates wh1ch were welded on the sides
were corrosion tested after the protective clad had been pierced to produce
a known defect. The results of these tests are d1_scussed below.

Equipment

High pressure autoclaves were used for these tests,

. Discussion\ and Experimental .

Some of the: long t1me water corrosmn tests of uranium or uranium
alloys clad in zirconium. or Z1rcaloy ‘have used the p1n-hole techmque,(l)
where-a hole approx1mately 1/32 m “in dlameter is dr1lled through the bonded
clad protect1ve layer thereby expoﬁsmg the uramum to the act1on of water at

In general corrosion effects were not l1m1ted to the 1mmed1ate ne1gh-
borhood of ‘the fdrilled hole’: Bl1sters were qu1te common on the surface of the
plates and occasxonally a rupture was found ‘in’ the: claddmg, almost always
along an edge: - By the use of the hel1um mass.:spectrometer: type leak detector,
the presence- of passages 1n the plate between breaks 1n the z1rcon1urn was
confirmed. - < - Ul oG ' g

F1gures 1 and 2 show.one such spec1men with the cladding completely "
machined from one face The dimensions of this spec1men are about
2 x'.l/Z .x‘l/8 in.' It is to be noted that the hole was’ not greatly enlarged by
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rconium-Clad With

Zi
Small Hole in Cladding, Corroded in
Water, With Top Cladding Removed.

3% Nb-U Alloy,

igure 1.

F
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Figure 2, 3% Nb-U Alloy, Zirconium-Clad With Small
Hole in Cladding, Corroded in Water, With
Top Cladding Removed, (Note that Core is
Completely Unbonded)
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© corrosion ant that’thére was no bond between the clad and base metal at the

"tlme of machmmg The core alloy of the plate was completely covered by a
loose oxide coatmg Figure 3 shows a large size plate (approximately

1/8 x 1-3/4 x 7 in: ).that had an’ ‘initial closure defect. After subsequent
corrosion test, m’any"‘hlisters and breaks occurred; one of which may be
seen near the center of the: upper.edge. Again all the defects had common
communicating passages in the plate. Cladding was removed from one face

in two steps: As withthe smaller plate, the entire core surface was covered
by a powdery oxide and adherence was limited to a few widely scattered points.

This behavior closely parallels that observed by others(1,5,6,7,8) in the
corrosion of alummurn clad uramum specxmens

Artificial Crevice Spe‘c‘imen‘, SleeVe-Cap:

Wy

.)

Oy

g

Water at 260°C, the temperature of then current interest, is capable
of dissolving relatively large amounts of hvdrbgen under moderate pressures. ?2)
The following experimeént was.designed to differentiate between the effects of
gaseous hydrogen -and hydrogen in solution on the water corrosion of uranium.
Essentially this is a high temper ature extension of the work of Hoxeng and
Rebol. (3) a strong cap of zirconium was fitted closely over a uranium cyllnder
so as to leave about half of the uranium exposed to the water. The cap was de-
signed to be strong so. that the expand1ng corrosion products would be com-
pressed tightly. Since the presence of water is: 1ncompat1ble with hydride
formatmn,(l) a hydrogen reaction-would 1mp1y that it was under a total pres- -
sure of about 600 psi.: It: would further imply that the water in the immediate
neighborhood would conta1n 200 cc of hydrogen: per kg. At this temperature
the equilibrium pressure of. hydrogen over UH, is approximately 0.15 psi, (

Uranium specimens .and zirconium caps were made according to Fig-
ure 4. In test, the zirconium. ¢ap was placed over the longer end of the ura-
nium spec1men, and the assembly placed intd.an- autoclave of 320 ml capacity,
 with the capped end up. About 105 ml of dxstllled water was added on the
assurnptlon that 100 ml would rema1n after corros1on was complete, . In some
cases.other materlals -were added to the water A spec1a1 autoclave cover was
made with a 1/4 in. 'steel tube welded into it.: - This commumcated with a
3000 psi gauge. Both gauge and: tube were f111ed with: distilled water prior to
assembly, to prevent dlst1llat1on of l1qu1d from the autoclave durmg test. The
autoclave was put into-a heater and heated rap1d1y to 260°C This required
slightly less. ‘than an hour on the average Temperature was ‘maintained for
a predetermmed per1od 1/2 1= 1/2 hours o" ,longer, ‘then the sample was
taken out of the heater and cooled rapldly (lO?m1nutes or 1ess) to room tem-
perature Temperatures and pressures weré ead at frequent 1ntervals as
well as the final pressure after codling. ‘This" flnal pressure was assumed to
be exerted.by uncombined hydrogen. ‘
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(Note Bond Failure)
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Figures 5 to 9 show time pressure curves for two 1/2-~hour periods.
a.l-hour period, a 2-hour and a 3-1/2-hour period at temperature. It is to
be noted that pressures are about those to be expected with water at 260°C,
until about 1-1/2 hours at temperature have elapsed, when the pressure rises
sharply. In the long time test the pressure oscillated at a higher level, due to
water temperature changes, after the sharp rise at 1<1/2 hours. It is also to
be noted that final pressures were approximately 50 psi for experiments that
did not show the sudden pressure increase and greater than 250 psi after such

rise occurred.

Figure 10 shows the appearance of two zirconium cups after pressure
release (rlght and left) and a dissembled uranium specimen and cap prior to

“test (center). Figure 11 shows an assembled specimen before testing, and

three specimens where the testing was interrupted prior to pressure release.
The bulging of the cap can be seen in all tested specimens. At the right of
Figure 10, a bulge can be seen on the bottom of a cap.

Figure 12 shows the uranium specimens after the postulated hydrogen

release. It is to be noted that the enclosed end is much more severely corroded

than the end directly exposed to water. All pictures show a series of cavities

rather deeply etched into the exposed end, characteristic of the corrosion of

rolled uranium.

A mechanxsm of corrosion can be written:’
4 HY + U—~U*" + 4 H

However, in the ab,sence of a strong acid the oxide UO, would be formed as
soon as the solubility product was exceeded. This would imply that uranium

corrosion might be sensitive to changes in pH at the high end of the range

and might be deterred by high alkalinity. At 260°C, the ionic dissociation
constant of water is about 2 x 10~ as compared to 107 at room temper -
ature; 11) Changes in pH with temperatures are shown in Figure 13, as de-
rived from Dorseys’ -data. - !

Under these cons1deratxons, a sample was tested in N/lOO LiOH which
had a pH of 11.8 at room temperature This should become pH 9.1 at 260°C.
The specimen was held at 260°C, w1th1n apparatus limitations, for 140 minutes.
As shown in Fxgure 14, pressure was suddenly released after about 100 min-
utes, and the pressure was 330 p51 when cold ‘

Ajj.llongathy/nalao would seent” tme Mmount of
a‘lk‘a‘hm~ty.,£~_;_pot~en,t1al—peae—te-r-use, a series of tests was made using
3 grams of LiOH added-as.a solid to the usual 105 ml of water used in an
experiment. Periods of tests were- 1/2 hour, 1 and 2 hours at temperature.
Bulging of the can was less than usual in the two shorter periods, and the
uranium suffered less than usual amount of attack during the two-hour
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Figure 11,

Three Zirconlum Caps Distorted by Uraﬁium Corrosion
Interrupted Prior to Pressure Release and One Assembled
Specimen Prior to Test, (Left)
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‘corrosion test. This is the specimen shown at the right of Figure 11.

Pressure-temperatures curves are shown in Figures 15, 16, and 17. Refer-

~ence to the record of the two-hour test shows a relatively low pressure, which

should accompany less corrosion.

A final experiment of this series was made with a stainless steel cup
conta1n1ng 0.65 gm of lithium metal suspended in the vapor phase, and the
air 1mperfectly purged with welding grade argon to determine whether or
not hydrogen d1ssolved in the water would -accelerate uranium corrosion at
this temperature. Figure 18 shows the results of a 1/2-hour test. The pres-
sure was less than calculated, rather than h1gher as expected. However, a
very small kernel of.unreacted lithium was found inside of the dense oxide
formed, so exact calculations cannot be made. ’

The sudden release of pressure can be interpreted as water gaining
access to the UH, previously formed, as postulated by earlier experimenters.(3)
Dissolved hydrogen as such plays a lesser role than gaseous hydrogen. Alka-
linity seems to deter uranium corrosion, but only in large amounts is the effect
noteworthy. :

Gaseous Hydriding Experiments

Primarily, these experiments were made to compare the rates of
reaction with hydrogen of the niobium-zirconium-uranium-alloys of current in-
terest withthat of unalloyed uranium which has been studied earlier.(2,12-17) Fur-
ther, with crevice corrosion of uraniurn or its alloys in high temperature water
it seems likely that hydrogen at very high pressure can come in contact with '
the metal, so the effect of pressure on the reaction rate was the subject of one

"set of experiments.

Specimens were made according to Flgure 19. They were suspended
near the bottom of a quartz tube. attached to a- vacuurn line by an iron- _
constantan’ thermocouple inserted mto the. hole A cylmdr1ca1 heating coil

‘was . placed outside of" the quartz tube near the spec1men The temperature

was ra1sed and held at 260°, 316° and 371°C (500°' 600°; 700°F) it a vacuum

of 5'x.107% or better. ‘In.the meantime, the system storage bulb was filled
»w1th hydrogen purified by d1ffusmn through palladlurn The' storage bulb was -

of about 1000 ml capac1ty, and opened into a: manlfold which connected directly
to a manometer In these’ experlments the storage bulb and its mamfold sys=-
tem were filled to a pressuré of. about 70 cm of mercury After the system -
was pumped to a-good vacuum, the purnp valves ‘were closed and the ‘hydrogen
contained in the storage system was released to the spec1men -Pressure and
temperature were read. per1od1cally., The 1n1t1a1 pressure w1th the entire sys-
tern open to the hydrogen was about 45 cm. -
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Results,yo'f experiments on unalloyed uraniurn-at the three tempera-

C e

. tures are su:nmarized in 'Figure 20. It is to be noted ‘that rates of reaction

are slowest at 371°C and most rapxd at 260°C. This isin agreement w1th the

' work of Burke and Smith. (12)

"Figure 21 shows the mfluence of pressure. - In this set one of the ex-
periments was made at a pressure very nearly half of the usual 45-cm pres-
sure., In this graph the ordinate is the ratio of. pressure to original pressure,
The curve indicatesthat doubling the pressure almost doubles the rate of re-
action. This is somewhat at variance with. the relation obtained by Johnson and

Newton.(l6)_ ‘ : L

-%? K (p - Po )*"/z

for the initial rate of the Teaction of powdered uranium at 357°C, In this’
equat1on Pois the decomp051t10n pressure of UH; at the temperature of the
experiment, In the present series of, experlments pp would be less than 1cm.
Certainly cond1t1ons are markedly d1fferent in"the amount of surface exposed
to the hydrogen in the two cases.

_The induction periods in the reaction of hydrogen with the niobium-
zirconium-uranium alloys were similar to those found with niobium - uranium
specimens. (2) Figure 22 shows the results with a 4% zirconium;. 2% niobium
alloy, water quenched from.800°C, It is to be noted that after-an induction
period of about 80 minutes, the reaction-rates were very similar to those of .
unalloyed uranium. F1gure 23 is a curve of the reaction with 5% zirconium -
1-1/2% niobium - uranium alloy, not heat treated. Here the induction period

~was about 225 minutes and the shape of the curve- differed somewhat from
"that of unalloyed uranium. Figure 24 shows the results with the same alloy

quenched from 800°C on the scale of the other experiments, and F1gure 25 with
a changed time scale 50 as to include the induction period. Here the induction
perxod is very long and the hydrldlng rate has been slowed down.

LIt is ev1dent that both compos1t1ons tested react w1th hydrogen at

260°C, quenched or- unquenched Fxgure 26 shows the general appearance of '

the resultant hydr1des Unalloyed uramurn produces a dull ‘black powder, _
quenched 4% zirconium 2% n1ob1um - uranium. alloy has the appearance of ‘
flake graph1te, the. non-heat treat d mater1al produces 1rregular scales, ‘as

- was: the case w1th the 5% z1rcon1um l 1/2% moblurn alloy, heat treated.,

seesee -
; e @
L ]

.

Pl
ceveve
(XY Y]

\
cesees

sses

vose

cses
smcese v .
esemes ' . .
ssoene
°

°

600 o




-
-
=
=
=]
)
-
N
-
-
5
-

P (cm)

3L
48" | I l I l l I |
4 -
~ t =371°C
40 —
7.3 gm Undlloyed Uranium
36 | Effect of Temperature —
A on Hydriding Rate
(volume -constant)
32
28
24
20
16 .
| oo .- Wy =9600C
3] S N I L S T C—— l ~
. -20° 40 .60 - 80 100" 120 140 160 180
. R 'Tl;«ME mlnu'res '

FIGURE 20

EFFECT OF TEMPERATURE ON REACTION
' OF HYDROGEN WITH URANIUM '

32




LI

i 1.00
0.80 |-
0.60
g
<~
‘Q.
0.40 |-
|
.

‘\ . , _ é).'ZO |

l L

f

13

7.3gm Uranium
Effect of Pressure at
~260 °C ‘

22.27em
'44.65¢cm -

° Po
.0 Po

1 N

Po=44.65cm

Po = 22.27 cm

20 - 40

i :
Fil

.
| b
60 |
‘. 3

s,

80 100 120 140
TEME, minutes
} N .

GURE 2I.

" EFFECT. OF ' DOUBLING PRESSURE
ON UH3; FORMATION AT 260 °C.

160

33

180 .



r 48 T T T T T T T
s 44 - —
40 #A4|28',‘4%2r-2%Nb —_
' - Specimen —-Quenched
from 800 °C .
Note that time starts
36 - "at ‘40 min. All pressures
i were identical up to and
R including 40 min.
- : 32 -
€
4 24
) 20 -
16 -
b . 12
: [ N Y SO S L N S B
- _ 40 60 80 100 120 I4‘Or I60 180 200 220
. ) ‘\ TIM.E : mmufes e
- , , FIGURE 22 .
. ‘TIME PRESSURE CURVE FOR HYDROGEN
s . - AND QUENCHED 2% Nb=-4%Zr-uU
_ ' ALLOY AT 260 °C

- 34 -




- | 35 L
4o T | | E— | | |
. 36 _ —
o Hydriding Behavior
: o 5% Zr—1¥2% Cb Alloy
T 32 (not heat treated) ‘ =
_ . © ~A.260°C
e ‘ " Note that. time shown.
o8 |- . ~ begins- at 220 minutes. -
- ' No noticeable drop to
- — ’ 105 minutes. - Total drop
g , 0.13 cm for initial
- 24 220 minutes.
a ‘ :
. 20
. 16 -
12
_ i 1 TRRRE N A | N ISR I | |
220 240 260 _280 - 300 320 340 360 380 400
: o TIME mlnutes
: o S T
- GURE 23 !
. TIME PRESSURE CURVE - FOR HYDROGEN
- AND UNQUENCHED |'/2°/o Nb- 5% Zr-u
2T ALLOX AT 260 °C oo

-----
---------

'35




e N

w

s
¥

s\}_‘ Y

P (cm)

36

48

TIME, minutes

FIGURE

TIME PRESSURE? CURVE FOR HYDROGEN

24

_ AND 800 °C - QUENCHED
5% Zr—U: ALLOY AT 260°C

i -
i
I

e o o .
o & s - o . L.
00 0 @ ‘e

[ SRR 3

. o O . L3

et 60 o ooo de o o

l'/a% Nb—vix

' v(hme scale same os others for fhls senes)

I | | | R ] | |
44 |- —
——
40 -
36 I~
260.'°Cg|-.‘ly_dride Pressure-time Curve
32 5% Zr— %% Nb=U Alloy. —
Quenched from 800 °C
Note that time begins at 500 minutes
o8 |- on this curve -
24 IR RN R I & | |
500 520 540 560 . 580 600 620 640 660 680



Ay b

1

o | | 1 | ] | |
44 |~
40
36 Conipleié Piressure#ip\e
_ Curve of Hydrogen— 260 °C .
- 5% 2Zr- 1% 9 Nb-U Alloy
. 30 |- " Quenched. from 800 °C
-~ T Note change of scale
Z ‘ from other -hydriding curves
€ 28 —
s
a 24}
. 20«4
16 |- |
12 ~
. | N B

0

400 800 1200 " 1600 2000 2400 2800 3200 3600

TIME mmu'res

FIGURE 25

TIME = PRESSURE CURVE FOR. HYDROGENQ
AND 800 °C QUENCHED |'/2°/Nb 5°/°Zr-U

ALLOY . AT - 260 °C.

(time scole not same as in ofhers of thns senes)

2 ° e e s .
¢’ Q00 0 & 88 co, o ¢ & eoo oo

37



S

3% 38

2% Nb=L% Zr - U Alloy
Quenched 800°C

2% No-h% Zr - U Alloy
Not Heat Treated

Unalloyed Uranium

Figure 26, Appearance of Uranium Hydride Made From Uranium
And Some Alloys as Shown.

oseeece
°
°




e
AN

T wiy) .

R

O vy )W

€

K2

ghe iw

1.

2

3,

4.

- »’p 5

6

19,

10,

C11,

12,

13.°

.14,
15,

EUS

17

'REFERE.NCES SR o SR
Bensen, N., R. P Straetz: and J' E. Draley, Metallurg1cal Laboratory
Report CT-3043 (.Tune '4, 1945).

Straetz, R P.. and 7. E Draley, Metallurg1cal Laboratory Report
CT- 3044 (June 20 1945) _ N =

¢

Draley, J E. and G C Enghsh Metallurg1cal Laboratory Report
CT- 1943 (Julyl 1945) : :

N

English, G. C. and J' E Draley, Metallurg1ca1 Laboratory Report
CT 3047 (J'anuary 30 1945) .

Kelman, L. et al Neutron Producer (CP- 6) Reactor Program Quarterly,
ANL-4618, p. 1054, Apr1l 30, 1954.

Draley, JI. E. and w. E Ruther Neutron Producer (CP-6) Reactor
Program Quarterly, ANL-= 4664 P. 97ff, July- 19 1951

Kelman, L. R. andD W Hackett 1b1d.p 991f

Plott, R. F., F. G Foote and T. O. Jones, Coatmgs and Corrosion,
NNES-IV-6A, P: lélff 1951 : -

Pray, H. A., C. E. Schwe1ckert and B. H. M1nmch Battelle Memorial
Institute Report BMI T-25; May 15, 1950

Hurd D.T., Chemlstry of Hydrldes, J'ohn Wlley and Sons, 1952.

Dorsey, N. E, Propert1es of the Ordlnary Water Substance, Reinhold,
1940 S :

Burke J E andC S Sm1th Los Alamos Report LA-37, Nov 13 1943

Warf, J' C., A S. »Newton, T, A Butler .T A Ayres andl B Johns, -
Ames Report cc 580 Apr11 15 1943, ' s

P

Hubble H H and F C McCullough Chnton Repo-rt CN 1025 Nov. 8‘ 1943
Johnson, o.; Ames Rep0rt cc’ 1059 October 9 1943, |
J'ohnson, _O and A "S. Newton, Arnes Report<CC 1063 Nov 6 1943

Katz, S and W F. Carlson, Metallurg1cal Laboratory Report CT—3034
June 5, 1945.

- ®
.
gooeos L T -
¢ e -
L8
s
oueseeh
o e,
[X YY)
.

2%
Q

fesass
XYY
(TY Y]
seee
Gevess
Ooeses
ooeees .
Hoseses

e ‘000 o






