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Prett & Whitney Aircraft, CANEL is currently engaged in the development of
& high performance, lithium-cooled reactor experiment umder contract with the
Atomic Energy Commission. The materials cmzxz:a’cibility regquirements for the
primary coolant system ere essentially the same as those for the terminated
Afrcraft Nuclear Propulsion program with the added requirement for long life-
time. Therefore, the selection of the contaimment material has besn made on
the basis of corrosion evaluations and other properties testing performed under
the previous program. To validate the selection of materismls and extend our
knowledge concerning the limits of cempatibnity, progrens ere in progress ine
volving (1) long lifetime forced-convection corrosion loop testing, {2) corrosion
mechanism studies and (3) chemicel snalyses of alkali metals, The status of
these programs is summarized in this report :

Corrosion étﬁﬁies

For several years, the corrosion behaviar of columbium and its alloys in
iithium has been under investigation by PeWA-CANEL using forced-convection
loops to determine the effect of important engineering parsmeters. A total of
46,918 hours of forced-convection loop testing with more than 16,263 hours at
2000F and ebove has shovn that Cb-l Zr alloy is an excellent contaimment ma-
terial for high tempersture liths.un. When enviromental conditions during
fabrication and testing were controlled to minimize oxygen contamination of the
alloy, no evidence of solution or intergranular corrosion effects were observed
cver the follwing ranges of conditionw
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Maximum temperstiure
Thermal gradient

Lithium velocity 9 to 21 fps

Cocler to heeter erea ratio 3/1 and 6/1 .

Heat flux in cooler 5.5 to 52.5 x 10* Btu/hreft®
Test duration 250 to 2000 hours

Linmited corrosion tests have been performed as part of a program to determine
the maximum temperature for accepteble compatibility between Cb-l Zr alloy and
lithium. Results suggested that the threshold for solution corrosion occurs at
approximately 2400F slthough no evidence of mass transfer deposits was observed
in test times up to 500 hours.

A program has been initiated to verify the compatibility of Cb-l Zr elloy
with lithiun for long lifetime applications. A forced-convection loop has
eccumulated more than 4000 hougs in a continuing test operating at 2000F and
a hest flux of 0.2 to 0.3 x Btu/hr-ft2, No evidence of & time-dependent
corrosion process ie apperent from the loop performance to date.

The compatibility of a lithium-Cb-l Zr alloy primary coolant circuit com=-
bined with a NaK-type 316 stainless steel secondary coolant circuit is being
evaluated in a test unit which simalstes the bimetallic system and shrouding
design of the proposed reactor experiment. %The test unit has been run s short
time preliminary to a scheduled operation in air at 2000-1600F in the lithium
system and 1600 to 1200F in the NaK system.

. Much valuable corrosion data are s8lso to be collected from component de-
velopment tests during the next year. These tests will include full size heat
exchangers and centrifugal pumps which aere in advanced steges of febrication
from Cb-l Zr alloy.

In supporting capsule corrosion tests, the correlation between oxygen
impurity content in Cbel Zr alloy and lithium corrosion was determined gquan=-
titatively. Results indicated that the tolerance of Cb~l Zr alloy for oxygen
impurity has been greatly increased as regards corrosion resistance when comw
pared to that of unalloyed colurbium. Purther tolerance for oxygen is gained
by heat treatment of welded material or by incressing the concentration of
girconium or other reactive metal alloying additions. The tolerance of Cb-5 Ti
alloy for oxygen impurity is to be determined in future work.

Mechanical relsxation measurements performed on Cbel Zr alloy torsion wire
specimens provided information on the role of zirconium in improving the lithium
corrosion resistance of columbium. Results indicated that the position and
movement of oxygen atoms were primarily limited to the vieinity of zirconium
atoms when the oxygen concentration did not exceed 0.10 percent. At greater
oxygen concentrations, the additional o:qrgen atoms were located predominantly



in the vicinity of columbium atoms and exhibited an spparent diffusivity similar
to that in unsalloyed columbium. Thus, the excellent corrosion resistance of
Cb-l Zr alloy at low oxygen levels has been attributed to the immobility of
oxygen atoms as & result of the comperatively high binding energy associated with
oxygen-zirconium atom interactions. When the interstitial oxygen concentration
in the alloy exceeds the quantity which can be associated with zirconium atoms,
corrosion typical of unalloyed columbium is to be expected. Future work is to

be concerned with oxygen impurity behavior in the columbium-titeniwu system.

Chemical Analysis Studies

The problem of determining the purity of an alkali metal has been under study
from the following aspects: (1) development of methods for determination of
impurities, (2) sampling procedures for alkali metals to assure that anslytical
results are representative of the contents of the system and (3) correlation of
results of chemical analyses with those from monitoring devices integral with
engineering loops. Methods for the determination of the principle impurities
other than oxygen in lithium have been described previously. Recent activitiles
have been aimed at the development of a method for the determinetion of oxygen in
lithiun which would be simpler than our modification of the Sax and Steimmetz
method. The feasibility of using liguid anhydrous ammonis &s a solvent to separate
8lkall metals from their oxides has been established in experiments principally
with lithiun. Work is to be continued with the object of completing a statistical
validation of the method. ‘

Sampling methods and plugging plate correlation with chemistry are to be
studied in s NaK-stainless steel forced convection loop. Oxygen concentrations
vwill be varied by suitable additions of impurities and by change in cold trap
temperatures t0 permit evaluations of the performance of several types of plugging
plate, the reliability of sampling devices and the agreement between plugging
plate and chemical results.



