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REVIEW OF LITHIUM IRON-BASE ALLOY CORROSION STUDIES 

J. H. DeVan, J• E. Selle, and A. E. Morris* 

ABSTRACT 

An extensive literature search was conducted on the 
cotnpitibility of ferrous alloys with lithium, with the 
emphasis on austenitic stainless steels. This report 
summarizes the information available and is divided Into 
two sections. The first section gives a brief sunmary and 
the second is an annotated bibliography. 

Comparisons between various workers are complicated 
by differences in lithium purity, alloy composition, alloy 
treatment, flow rates, and lithium handling procedures. For 
long-term application, austenitic stainless steels appear 
to be limited to about 500°C. While corrosion can probably 
not be decreased to zero, a considerable reduction to 
tolerable and predictable amounts appears possible. 

INTRODUCTION 

Various conceptual designs for first-generation Controlled 
Thermonuclear Reactors (CTRs) have specified metallic lithium as the 
tritium breeding blanket. In two of these designs type 316 stainless 
steel was selected as the primary containment material, while in 
others a niobium-base alloy was selected. 

Thermal gradient mass transfer of austenitic stainless steels in 
flowing lithium has been observed and could seriously limit the useful-
ness of these steels for CTR application. However, the data suggest 
that with a temperature limit of 500°C austenitic stainless steels 
could be used. 

To obtain more definitive data on the mechanisms and kinetics of 
austenitic stainless steel corrosion by lithium, a liquid-metal corrosion 
program has been initiated. As part of this effort a literature search 
was undertaken on the available data on the corrosion by lithium of 
iron-base alloys, with the emphasis on austenitic stainless steels. This 
report summarizes the information available and is divided into two 
sections. The first section gives a brief summary of the data, and the 
second is an annotated bibliography„ 

*Summer visitor (1974) from the University of Missouri at Rolla. 
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The first section is meant to provide an overview of the previous 
work, and no attempt is made at providing the details of each paper. This 
is rp=erved for the second section. When detailed information is required 
the reader is referred to the second section or, ult innately, to the paper 
itself. The references are presented roughly in chronological order. 

OVERVIEW OF LITERATURE 

Work Before 1950 

Before 1950, knowledge of the corrosion benavior of lithium was 
peripherally obtained by chemists preparing various lithium compounds. 
Thev were interested in finding suitable containers or crucibles in 
which to make lithium alloys and compounds without contaminating the 
sample. Much of this early work was summarized by Osborg (1)*, by 
Burton et al. (2), and in the first edition of the Liquid Metals 
Handbook (3). Most of the alkali metal corrosion information up to 
1950 was summarized in a comprehensive report by Kelman et al. (4), 
which contains a number of references on ferrous metal corrosion by 
lithium. 

Reports During 1950-1954 

Begir-ing about 1950 there was great interest in the use of lithium 
for cooling a proposed nuclear reactor to power an airplane. Under 
this Aircraft Nuclear Propulsion (ANP) Program, many static and dynamic 
tests were conducted on the corrosion of ferrous and nonferrous metals 
and alloys. Tne unique thermal properties of lithium made it a heat 
transfer candidate for other types of reactors, so that laboratories not 
associated with the ANP project also conducted research on lithium corrosion. 

The earlier workers did not fully appreciate the need for careful 
handling of lithium to prevent contamination from air or other foreign 
contaminants, so that their work is often contradictory and the results 
ave difficult to evaluate. Nevertheless, certain fundamentals were 
recognized: 

1. Iron and iron-base alloys could be used to contain lithium 
for short durations to temperatures above 800°C (5, 6, 8, 9). 

2. The presence of carbides in low-alloy steels could be a source 
of intergranular corrosion and penetration (5, 7). 

3. Dissimilar metals would transfer when immersed in lithium 
(10, 11, 12). 

4. The higher nickel stainless alloys were less resistant to 
general corrosion (10, 11, 12). 

5. Radiation did not appear to influence the corrosion of iron (14). 

*Numbers in parentheses are keyed to the annotated bibliography 
later in this report. 
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The first extensive examination of corrosion by flowing lithium was 
done by Elrod et al. (13). They found that metal dissolved in the hot 
part of the loop would deposit in the cool part a"d eventually plug the 
loop with a mass of metallic crystals. Even when the temperature differ-
ence across the loop was less than 10°C (called an "isothermal" loop), 
enough material transferred at 870°C to plug the loop in less than 400 hr. 
A similar loop with a 240°C temperature difference plugged in 230 hr. The 
relatively minor effect of temperature difference on thermal gradient 
mass transport in thermal-convection loops was confirmed by later workers, 
as was intergranular attack in the vicinity of sigma-phase particles and 
carbide precipitate particles. This intergranular attack was greatly 
accelerated by stress in the steel. 

Further investigations into lithium corrosion of austenitic stainless 
steel in forced-convection loops were conducted (15, 16, 17) and, in 
general, confirmed the findings of Elrod et al. (13). This work was 
summarized by Miller (18). The important contributions of these works are: 
1. the first measurements of weight loss at different temperatures (15), 
2. much greater mass transport at the start of a run than after the 

loop had been operating for some time (16), 
3. fairly accurate measurements of weight loss of samples suspended in 

the loop and of composition of metal deposited in the cold end of 
the loop (17). 
Dana et al. (17) also observed that the inside of the hot leg after 

test consisted of a layer of ferrite, which they presumed to be caused 
by selective leaching of the nickel from the stain1 °ss steel. The wire 
weight-loss samples were also magnetic after test. 

The extensive alkali metal work by Brasunas (19) contained some 
results on static and dynamic lithium corrosion of various steels. He 
also observed concentration-gradient mass transfer when the sample and 
container were dissimilar metals, which illustrates the need to eliminate 
dissimilar metals if corrosion tests on one metal are desired. He also 
tried to inhibit corrosion by use of molybdenum and chromium coatings on 
stainless steels. Failure of the molybdenum coatings can be attributed to 
the dissimilar-metal problem. He found chromium coatings to be of some 
help. 

Brush (20) was the first worker to extensively compare the chromium, 
nickel, and carbon contents of steel with the amount of corrosion in 
lithium. He also compared the corrosion rate as a function of sample 
movement in his rotating sample experiments. In general he found that 
the steels with higher nickel content were less corrosion resistant, and 
the presence of high carbon and high chromium was detrimental to corrosion 
resistance in the ferritic stainless steels. 

Reports During 1955-1957 

By the mid-fifties, it was quite clear that lithium was much more 
corrosive toward stainless steels than sodium (.21) . Enough work had been 
done by then that it was possible to classify the different corrosion 
mechanisms in liquid metal systems and identify those variables that were 
important in lithium ferrous-alloy systems (22). 
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The types of liquid metal attack discussed are: 
1. simple solution, 
2. alloying between liquid metal and solid metal, 
3. intergranular penetration, 
A. impurity reactions, 
5. temperature gradient mass transfer, 
6. concentration gradient mass transfer or dissimilar-metal mass transfer. 

Variables that affect liquid metal corrosion are: 
1. temperature, 
2. temperature gradient, 
3. cyclic temperature fluctuation, 
4. surface-area-to-volume ratio, 
5. purity of liquid metal, 
6. flow velocity or Reynolds number, 
7. surface condition of container material, 
8. number of materials in contact with the same liquid metal, 
9. condition of the container material. 

These review articles recognized the probable importance of impurities 
in the lithium as an important variable in corrosion resistance. However, 
not until the work of McKee (23) was quantitative data on the effect of 
nitrogen obtained. Two important findings of this work were: 
1. increased nitrogen resulted in Increased mass transport in a type 

316 stainless steel loop; 
2. steel contributes nitrogen to the lithium during the test. 
Regardless of how pure the lithium is before the test, at 800°C or above 
it rapidly dissolves nitrogen from the steel. Additional nitrogen 
probably diffuses from the air through the steel into the lithium as the 
test progresses. Only the presence of a getter keeps the nitrogen 
content in the lithium below 20 ppm. However, the presence of a getter 
raises the possibility that weight loss measurements are affected by 
dissimilar-metal mass transport. McKee also noted that the layers of 
material may accumulate on the inside of the tube wall during the Lest, 
but can be lost when the lithium is dissolved out of the tube because of 
the loose adherence of this layer. This work certainly illustrated the 
need for extremely careful experimental work if meaningful measurements 
are to be obtained on convection loop tests. 

Beginning in the mid-fifties, work was initiated to understand some 
of the basic phenomena of lithium corrosion and to establish a bank of 
information to explain the observed results. Kolodney and Minushkin (24) 
developed a method to determine solution rates of various materials so 
that the relative effects of addition and impurities could be studied. 
This technique was then used (31) to determine effects of oxygen and 
nitrogen, the beneficial effects of aluminum, and the possible benefits 
of Misch metal and tantalum. Further work by other workers reported on 
the solubility of various components of iron-base alloys in lithium 
(33, 39, 42, 43, 46, and 57). Solubility data were reviewed (61). 
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Work Since 1957 

In 1958, the results of Russian work on lithium corrosion began to 
appear. The first such paper (34) discussed the mechanisms of corrosion 
of carbon steels, chromium steels, and nickel-chromium steels. An 
attempt was made to alter the corrosion resistance of chromium steels by 
additions of niobium and tungsten to the steels. Some success was achieved. 

During this period, loop tests were done primarily on type 316 stain-
less steel at Pratt and Whitney (26—30, 36). Other loops were run on 
type 304 stainless steal (35). Much inconsistent data were accumulated, 
presumably because of the number of variables in loop systems. 

Probably the most extensive survey of materials corrosion by lithium 
was done by Hoffman (37). This elaborate work included two-component 
static tests, three-component static tests, seesaw furnace tests, and 
convection loop tests. This work not only served as screening tests but 
attempted to sort out the various operating mechanisms. 

Forced-convection loops were studied by Gill et al. (38), who then 
attempted to explain their results in terms of transport and flow equations. 
Mass transfer from the solid to the liquid stream is controlled by solid-
phase diffusion and cannot be predicted from correlations based on 
liquid-phase diffusion. The precipitation process is rapid relative to 
the solutic process, so that mass transfer is limited only by the concen-
tration or activity potential available. Other forced-convection loop 
studies (48, 49) suggested that iron-., nickel-, and cobalt-base alloys are 
limited to temperatures below 593°C (1100°F). Work by Seebold et al. (40) 
and in Russia by Bychkov et al. (41) found that oxygen and nitrogen in 
lithium can magnify the severity of lithium corrosion of stainless steels. 

From 1962 to the present most of the available lithium work has come 
from Russia. The approach seems to be that mass transfer will result from 
temperature gradients, which in turn complicates the analyses. Thus, in 
order to understand the basic mechanisms and their effects on the materials 
under study, isothermal tests were used. Most of the work falls into 
three categories: 
1. understanding the basic mechanisms of corrosion by lithium, 
2. determining the exact effects of lithium on the properties of the 

candidate material, 
3. finding means of preventing or inhibiting corrosion by lithium. 

In general, these works can be summarized as follows: 
1. Lithium reacts with iron carbide to form Li2C2, which has 

a lower density. This promotes cracking in carbon.steels (58, 59, 64). 
2. In stainless steels, chromium depletion by formation of sigma 

phase or Cr2sC6 will result in attack in which nickel is dissolved (65, 76). 
3. Carbon, nitrogen, and oxygen accelerate corrosion of iron-base 

alloys by lithium (60, 67, 81). 
4. Corrosion under stress is greater than corrosion in the 

unstressed material (68, 69, 78). 
5. Flowing lithium is somewhat more corrosive than static lithium 

(67, 68). 
6. Lithium causes a reduction in mechanical properties (63, 66, 

67, 68). 
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7. Impurities in the steels promote reactions (54, 62). 
8. Only extra-low-carbon steels or coatings are useful in inhibiting 

corrosion by lithium (65, 76). 
9. Molybdenum and aluminum are useful in reducing attack on stainless 

steel, while chromium is useful for low-carbon steel (73, 75). 
10. Beryllium on stainless steel was useful in reducing short-term 

corrosion, but was not expected to be useful for long-term exposure (79, 82). 

Austenitic Stainless Steels — Summary 

Examination of the data in the reports reviewed reveals som, conflicts. 
Much of the problem is the result of the fact that much of the work was 
done before more sophisticated techniques were available, such as electron 
microprobe analysis, scanning electron microscopy, and reliable analyses 
of lithium for nitrogen, oxygen, and carbon. Other factors contributing 
to the differences are: 
1. lack of appreciation of the need for controlling the impurity 

content of lithium, 
2. inconsistent thermal treatment of the steel before testing, 
3. dissimilar-metal mass transport due to presence of several different 

metals in the system. 
Even when there is general agreement, there is considerable scatter 

in the data. This is shown in Fig. 1, which summarizes available loop 
data. The scatter in the data is such thac the results show data bands 
rather than lines. This scatter can be the result of several effects: 
1. differences in flow rate; 
2. differences in nitrogen, oxygen, and carbon contents of both the 

lithium and the stainless steels; 
3. time of the test; 
4. differences in thermal treatment of the stainless steels before 

test; and 
5. compositional variations in the stainless steel. 

Even with the scatter in the data, some information can be gleaned 
from such a plot. There is an indication of some positive effect of the 
use of a titanium getter in the system. The data bands indicate an 
activation energy of about 60 kcal/mole (250 kJ/mole) with a getter 
compared with about 20 kcal/mole (85 kJ/mole) without a getter. At temper-
atures below 700°C, gettered systems should yield lower corrosion rates 
than ungettered systems. 

Efforts to determine the solubility of alloying constituents Fe, Cr, 
and Ni in lithium have met with mixed success. The solubility of these 
elements seems to depend critically on the purity of the lithium, partic-
ularly with respect to nitrogen, which increases the solubility. The 
results rbtained with the highest purity lithium seem to be those of 
Leavenworth, Cleary, and Bratton (46) and are summarized as follows: 
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Element Eauation 
I ron log .¥f = -2.3492 - 3.0343 x lO'/.T" 

Chromium log X =-2.1364 - 3.2193 x io3/T ur 
Nickel log * = -0.2679 - 3.3642 * 10 3 /7 

Nitrogen in the lithium has been found to accelerate corrosion by 
lithium, presumably because of the increased solubility of alloy 
constituents with higher nitrogen contents. Nitrogen in the alloy can 
form chromium nitrides, which can be reduced by lithium. There is also 
reason to believe that some of the corrosion of ausi-^icic rtainless steels 
at long times is the result of the diffusion of nitrogen from the air 
into the stainless steel and subsequent reduction of thromium or iron 
nitrides. 

Carbon also results in accelerated attack of staii less steels. 
Carbon present in the steel can form chromium carbides, which will deplete 

900 800 *0C n*c> 60C SOO «OG 
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Fig. 1. Comparison of Corrosiou Rates of Type 316 Stainless Steel 
in Thermal and Forced-Convection Loof Systems Operated with Molten Lithium, 
Temperatures and corrosion rates were measured at the heater exits. 
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the surrounding areas in chromium so that the resulting nickel-rich areas 
are preferentially dissolved. If the carbon is stabilized by titanium 
or niobium (types 321 or 347 stainless steel), this problem can be mini-
mized. However, carbon present In the lithium can also diffuse along the 
grain boundaries and form chromium carbides. Solution attack on the 
resulting nickel-rich areas may result. 

Significance 

For long-term application, austenitic stainless steels appear to be 
limited to about 500°C. However, enough understanding of the problem 
has been achieved that solutions appear feasible. While corrosion can 
probably not be decreased to zero, some reduction in the corrosion rate 
in lithium appears possible and corrosion can probably be reduced to 
more tolerable and predictable amounts. 

The work of Gill et al. (38) showed that the rate of dissolution is 
controlled by solid-state diffusion at the surface followed by more rapid 
solution in the liquid. One means for reducing the rate of diffusion of 
alloying constituents would be a diffusion barrier at the surface 
effected by coatings or alloying additions such as tungsten or molybdenum. 
Alternatively, if the rate of solution of the alloying constituents in 
the lithium could be reduced enough so that this would be the rate 
controlling step, the corrosion rate would decrease, and the extent of 
preferential depletion of chromium and nickel would be reduced. An under-
standing of the role of interstitial impurities, with systematic 
elimination of those that accelerate solution attack, offers one possible 
approach. Further reduction of solubility might also be possible by 
means of additives to the lithium that are preferentially sorbed on the 
stainless steel surface. 

Grain boundary attack has been found to increase as the result of 
carbon in the system. Therefore elimination of carbon or stabilization 
of the carbon to reduce reactivity with lithium are necessary to prevent 
grain boundary attack. Another source of grain boundary attack is from 
nitrogen in the alloy, which forms chromium nitride, which in turn can 
be reduced by lithium. Therefore, a reduction of the impurity content 
of the steel and/or prevention of nitrogen diffusion through the steel 
may become necessary. 

Finally, it is evident that it is necessary to develop a complete 
understanding of the kinetics of all reactions contributing to the 
corrosion mechanisms. This includes nitrogen, carbon, and oxygen diffusion 
rates in stainless steel, rate of second phase formation, rates of solution 
of alloy constituents, and the effects of coatings, diffusion barriers, 
and lithium additives on these solution rates. 
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ANNOTATED BIBLIOGRAPHY 

1. H. Osborg, Monograph on Lithium. Theoretical Studies and Practical 
Applications, The Electrochemical Society, New York, 1935, p. 68. 

A monograph covering the literature on lithium up to date of publication. 

2. W. N. Burton, S. W. Coffman, and C. L. Randolph, A Compendium of 
Information Concerning Lithium} RTM-57, Aerojet Engineering Corp. 
(Sept. 16, 1949) (CLASSIFIED). 

A comprehensive review of lithium, with a qualitative evaluation of 
container materials based on observations during physical property 
studies. Pure iron was reported to be preferable to stainless steels• 
Most evaluations were below 600°C. 

3. R. N. Lyon, Liquid Metals Handbook. 1st ed.3 NAVEXOS P-733 
(June 1, 1950). 

A comprehensive summary of liquid metal corrosion data available to 
date, with appropriate sections on alkali metals, including lithium. 
Topics covered include: physical properties, chemical properties, 
handling techniques, availability, heat transfer, and corrosion. 

4. L. R. Kelman, W. D. Wilkinson, and F. L. Yagee, Resistance of Materials 
to Attack by Liquid Metals> ANL-4417 (July 1950). 

A more detailed version of Chapter 4 of the Liquid Metals Handbook 
with the same title. 

5. R. Anderson and H. Stephen, Progress Report on Materials Tested in 
Lithium, NEPA-1652 (August 1950). 

A large number of ferrous and nonferrous metals and alloys and 
refractory compounds were tested in agitated and unagitated capsules 
containing lithium. The lithium was air-contaminated to a variable 
degree. Temperatures ranged from 482 to 1204°C for time periods 
of 4, 24, and 100 hr. Iron appeared to be attacked at the grain 
boundaries at 482°C, but at higher temperatures the attack was more 
of a general nature. Types 304, 309, 310, 316, 321, 347, and 446 
stainless steel showed increased attack at precipitates at the grain 
boundaries at 732°C as opposed to 482 or 816°C. This was attributed 
to the nature and amount of carbide precipitate at the grain boundaries 
at 732°C. Intergranular corrosion occurred at 732°C, but not at 816°C 
or above, where most of the carbide was dissolved. Coarse-grained 
material was more resistant to attack than fine-grained. 
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6. W. D. Wilkinson and F. L. Yagee, Attack on Metals by Lithium, 
ANL-4990 (Oct. 13, 1950). 

A variety of ferrous and nonferrous metals and alloys were tested in 
static lithium for 6 days at 300 or 600°C. After changes in weight 
and dimensions were noted, the specimens were examined metallographically. 
At 600°C, low-carbon iron and steel (including type 347 stainless 
steel) had the best resistance to attack, followed closely by low-
carbon, high-chromium steel (type 430 stainless steel). Ordinary 
type 304 ari high-carbon, high-chromium (type 440 stainless steel) 
had intermediate resistance. 

7. H. G. Edler, The Corrosion of Metals in Molten Lithium 3 RTM-69, 
Aerojet Engineering Corp. (Oct. 11, 1950) (CLASSIFIED). 

Three ferrous alloys were tested in static lithium at 450 °C for 
100 hr in the stressed and unstressed conditions. AISI 4130 steel 
was penetrated by lithium, with apparent leaching of the carbide 
phases. The weight loss was about 2 mg/ir-2 (0.31 mg/cm2). AISI 1019 
steel was similarly penetrated by lithium. Multimet N-155 was 
relatively unaffected. Other nonferrous alloys were also tested. 

8. D. S. Jesseman et al., Prelimi-nary Investigation of Metallic Elements 
in Molten Lithium, NEPA-1465 (June 1950). 

The solubilities of Be, Cr, Nb, Fe, Mo, Ni, Si, Ta, Ti, W, V, and Zr 
in Li were investigated in the temperature range 482—1010°C for 
periods of 4, 24, and 100 hr. The experiments were carried out in 
iron containers. The lithium had been exposed to air before the 
test, and some oil may have been left on the lithium. The Ni, Si, 
and W were completely degraded, while Mo showed the least solubility. 

9. G. DeVries, 0. T. Pfefferkorn, and W. 0. Wetmore, The Corrosion of 
Metals by Molten Lithium, Navord Report 1295 (NOTS-365) (Mar. 10, 1951). 
See also NP-3120 (Mar. 21, 1950) (CLASSIFIED). 

Types 302, 303, 304, 316, and 347 stainless steel were exposed to 
lithium at 316°C for 7 days, and at 482°C for 3 days. All samples had 
good corrosion resistance, and the tensile properties were unchanged. 
Sulfides were removed from the surface of type 303 stainless steel. 

10. J. E. Cunningham, Resistance of Metallic Materials to Corrosion 
Attack by High-Temperature lithium3 CF-51-7-135 (1951). Declassified 
with deletions Mar. 6, 1957. 

Static corrosion tests were performed at 600, 800, and 1000°C at 
times of 4, 40, and 400 hr on Armco Fe, Nb, Ta, Zr, U, Ti, W, Co, V, 
Mo, Be, Cr, Ni, Mn, and Si. Alloys tested were austenitic and 
ferritic stainless steel, nickel- and cobalt-base alloys, and 
refractory metal alloys. Various ceramics were also tested. All tests 
were conducted in iron containers. Considerable concentration gradient 
mass transfer was observed between the iron and the specimens. Several 
suggestions were made for future materials testing work. 
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11. R. B. Day and A. DeS. Brasunas, Testing and Examination of Thermal 
Convection Loops Operated with Lithium and Lead, Y-F31-4 (Aug. 20, 1951). 
Three convection loops were run with lithium. One of these was a 
ferrous alloy loop made of AISI 1010 steel. Failure occurred after 
operation for 35 hr at 593°C by intergranular attack. No deposits 
were found in the cold leg. The attack occurred in both hot and 
cold legs. 

12. M. H. Bover, Information on the Resistance of Materials to Attack by 
Molten Lithium, CRD-T2C-33 (June 29, 1951). 

A summary and discussion of results on lithium corrosion of various 
steels based on earlier tests at ORNL and ANL (see Refs. 4 and 8). 
The data show that for the 300 series stainless steels lithium 
corrodes the high-nickel steels the most. The 400 series stainless 
steels are corroded less than the 300 series; the most attack on the 
400 series occurs on the high-chromium4 high-carbon steels. 

13. H. G. Elrod, Jr., R. R. Fouse, and P. B. Richards, Erosion and Heat 
Transfer with Molten Lithiumi Final Report, Jan. 1, 1950 to April 30, 
1951, NEPA-1837, B & W Rep. 5217 (April 30, 1951). 

Type 310 stainless steel corrosion in flowing lithium was examined 
in seven isothermal and one thermal gradient loops, at temperatures 
up to 871°Cj, and times up to 1000 hr. The pumped loops had flow 
rates of 20 to 60 fps (6—18 m/'sec) . The "isothermal" loops had 
temperature differences of about 10°C, while the thermal gradient 
loop operated between 871 and 643°C. The "isothermal" loop plugged 
in 369 and 550 hr at 871°C, but did not plug in 1000 hr at lower 
temperatures. The thermal gradient loop plugged in 230 hr. Stress 
corrosion was found to be a serious problem. The slight reduction in 
wall thickness did not lower the tensile strength (in the absence of 
stress-corrosion cracks), and no appreciable erosion effects were 
noted. Local attack near sigma-phase particles was noted. Small 
particles of metal crystals remained after lithium dissolution, which 
the authors attribute to material swept from the plug by flowing 
lithium. The authors believe that the temperature coefficient of 
solubility is more important in mass transport than actual solubility. 
They recommend basic studies on solution and precipitation of metals 
in thermal gradients, further studies on stress effects, alloy 
development, and elevated-temperature mechanical tests during 
lithium exposure. 

14. W. W. Parkinson, Jr., Stability of Iron Toward Lithium at Elevated 
Temperature Under Cyclotron Radiation, NAA-SR-73 (1952). 
The corrosion rate of iron in lithium did not appear to be different 
when tested with or without the presence of a radiation field. Tests 
were conducted at 625 and 910°C. 
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15. A. W. Dana, Jr., et al., Erosion and Corrosion Studies of Liquid 
Metal Systems. Investigation of Constant Temperature, Forced 
Circulation Liquid Lithium Systems, Tech. Rep. Ill, B & W Rep. 5228, 
DC-52-5-19 (April 21, 1952). 

Several convection loops of type 310 stainless steel (25 Cr, 20 Ni) 
were run at nearly isothermal conditions at 524, 760, 816, 871, and 
874°C. The flow rate was 25 to 55 fps (7.5-15 m/sec), and the AT 
varied from 5 to 25°C. Little mass transfer was observed at the 
lowest temperature in 1022 hr, while at the highest temperature the 
loops plugged in 370 to 560 hr. The weight change of the 816°C 
samples was —8.2%., the 871°C sample changed —0.7%, and the 87/-i3C 
sample changed —8.6%. Analysis of the lithium showed great variability. 

16. A. W. Dana, Jr., 0. H. Baker, and M. Ferguson, Investigation of Large 
Scale Dynamic Liquid Lithium Corrosion Apparatus,, Tech. Rep. IV, 
B & W Rep. 5229, DC-52-25-66 (April 30, 1952). 

Type 310 stainless steel loop was run at a hot leg temperature of 
671—688°C for 112 hr, the samples were examined, and the loop was run 
again for 1040 hr at a hot leg temperature of 649°C. The flow rate 
was 9.5 to 12 fps (2.9—3.7 m/sec). The first part of the test gave 
2 to 3 times as much metal deposition in the cold zone as the second 
part. The corrosion rate measured during the second part was 
0.11 mm/1000 hr. There was a thick layer of porous ferrite on the 
surface of the hot leg, where metal loss occurred. 

17. A. W. Dana, Jr., 0. H. Baker, and M. Ferguson, Investigation of Metal 
Transport by Liquid Lithium, Tech. Rep. V, B & W-5230, DC-52-27-45 
(May 15, 1952). 

Four loops of type 310 stainless steel were operated at a hot leg 
temperature of 732°C, with a AT of 280° overall. On the heating side 
of the loop, the velocity was about 7 fps (2.1 m/sec) at the start 
of the test. The loops became plugged with crystals of metal in the 
cold end in time periods of 19 to 98 hr. Small-diameter wires placed 
in the hot leg of the loop showed a corrosion rate of from 0.002 to 
0.006 in./lOO hr (0.5—1.5 ym/hr). The wires were highly magnetic 
after test; metallurgical examination showed the attack to be of the 
general solution type with preferential attack in the regions where 
sigma phase had precipitated. Some attack was also noted near 
precipitated carbide. Nickel appeared to be preferentially leached 
out. Lithium analyses are given for 0, N, C, Fe, Cr, and Ni, and 
the metal deposits in the cold end are also analyzed. 

18. E. C. Miller, "Corrosion of Materials by Liquid Metals," Chap. 4, 
pp. 144—83, of Liquid Metals Handbook, 2nd ed., R. N. Lyon, ed. 
NAVEXOS P-733 (Rev.) (June 1952). 

Part of chapter suiranarizes resv.lts of lithium corrosion on metals up 
to 1952. Good summary of liquid metal corrosion phenomena and 
proposed mechanism. 
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19. A. DeS. Brasunas, Interim Report on Static Liquid-Metal Corrosion} 
ORNL-1647 (May 11, 1954). 

Samples of Be, Ti, Co, Mo, Ta, Nb, W, types 304, 316, 310, 347, 405, 
410, 430, and 446 stainless steel, Inconel, Inconel X, L-605, N-155, 
X-ite, S-590, Hastelloy C, Vitallium, V-36, 1040 steel, and 
Metallic LT-1 were tested in Na, Li, Pb, Bi, and several U alloys. 
Most of the tests were conducted at 1000°C. Most tests were static, 
but some thermal gradient tests were also run. The effects of 
molybdenum and chromium coatings on type 304 stainless steel were 
studied in lithium. The ceramics alumina, boron carbide, chromite, 
clay-graphite, cordierite, magnesia, quartz, silicon carbide, zirconia, 
and beryllia were tested in Li at 1000°C for 4 hr. Dissimilar-metal 
mass transport was noted when the sample and the capsule were of 
different metals. Some limited tests were made between various low-
melting alloys and vanadium, 300 and 400 series stainless steels, 
and Inconel at 815°C for 100 hr. The results showed that the ferritic 
steels were more resistant to lithium attack than the austenitic 
steels, and that Ta, Mo, and Nb had sufficient resistance to be 
considered as container materials for the liquid metals at 800 to 
1000°C. 

20. E. G. Brush, Corrosion Resistance of Ferritic and Austenitic Steels 
in Lithium at 500°C, KAPL-M-EGB-17 (April 8, 1954). 

Static and rotating sample tests were carried out at 500°C in lithium 
that had previously been filtered at 200°C through a 5-pm filter. The 
samples were weighed after test, the visual appearance was noted, and 
metallographic analyses were performed. All tests were carried out in 
austenitic stainless steel containers for one-month time periods. The 
steels tested were 1/2 Cr-1/2 Mo; 5 Cr, 1 1/2 Si, 1/2 Mo; 7 Cr-1/2 Mo; 
9 Cr-1/2 Mo-12 Cr (type 410); 12 Cr (type 405); 18 Cr (type 430); 
28 Cr (type 446), type 304, type 316, type 321, and type 347 stainless 
steel. In static tests the first five steels listed lost 1 mg cm-2 month-1 

or less, while the other three high-Cr steels lost up to 3 mg cm-2 month-1. 
The 300 series stainless steels lost from 0.15 to 0.7 mg cm month-1. 
Various microstructural attack features were listed for each steel, but 
in general none of the steels showed penetration of the lithium past 
about 1 mil (25 pm). In dynamic tests, where tubular samples were 
rotated at a surface velocity of 14 fps (4.3 m/sec) in a closely baffled 
cell, the type 410 stainless steel lost over 4 mg cm-2 month-1, while 
the type 347 showed less than 0.1 mg cm-2 month" loss. The results 
were compared with similar weight loss tests in sodium and showed that 
all steels corroded more in lithium than in sodium. 

21. E. E. Hoffman and W. D. Manly, "Comparison of Sodium, Lithium, and Lead 
as Heat Transfer Media from a Corrosion Standpoint," Preprint 74, 
presented at the Nuclear Engineering and Science Congress, Cleveland, 
Ohio, Dec. 12-16, 1955. 

Summarizes known corrosion behavior of lithium toward ferrous metals 
and refractory metals. Effect of nitrogen on corrosion behavior 
described for austenitic stainless steel. 
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22. W. D. Manly, "Fundamentals of Liquid-Metal Corrosion," Corrosion 
12(7): 46-52 (July 1956). 

The types of liquid metal attack on solid metals are identified and 
discussed. The important variables that affect the amount and type 
of attack are also identified and discussed. Many examples of 
different corrosion systems are given, and methods for corrosion 
studies are described. 

23. J. M. McKee, Effect of Nitrogen on Corrosion by Lithium, NDA-40 
(June 14, 1957). 

Lithium was circulated in type 316 stainless steel convection loops 
between 593 and 871°C with the object of establishing the effect (if 
any) on nitrogen in the lithium. The first tests in static capsules 
showed that the stainless steel readily transfers nitrogen to the 
lithium after heating for 50 to 100 hr at 871°C. Data are given on 
the nitrogen content of lithium that had been heated in contact with 
stainless steel after different heat treatments in contact with 
Ferrovac and Nivac. Convection loops were run to determine the 
weight loss of a tab insert and the effecL on mass transport of 
nitrogen-gettered loops versus ungettered loops. The lithium flowed 
at about 7 fpm (35 mm/sec). The results showed that an increase in 
the nitrogen content of the lithium from 125 to 370 ppm increased 
the rate of mass transfer 42%. Titanium or zirconium sponge can 
reduce the nitrogen content to 20 ppm by hot trapping; cold trapping 
reduced it to 30 ppm. This reduction of nitrogen decreases the mass 
transport from the tab by 28% over that observed for the 125 ppm N 
level. Hot trapping and cold trapping at the same time are not more 
effective in nitrogen removal than hot trapping alone; in the former 
case, no nitrogen was present in the cold trap. A variety of metallo-
graphic effects was noted. The nitrogen content of the lithium cut 
from the center of the tube was less than that near the inside tube 
wall, which led to the suspicion that maybe a loose layer of some 
double metal nitride had formed next to the tube wall. Other inter-
esting observations are made, with suggestions as to the influence of 
other impurities and other variables. 

24. M. Kolodney and B. Minuskin, A Method for Determining the Solution 
Rate of Container Metals in Lithium, NDA-41 (June 14, 1957). 
The dissolution process of a solid metal in a liquid metal is 
described, and mathematical formulation of the specific solution rate 
constant is given. A method is developed for measuring the rate at 
which container metals dissolve in liquid lithium; it co^ists of 
i.:vnersing a tab of the metal in a large volume of liquid lithium and 
measuring the weight loss. Preliminary data on solution rate of 
type 304 stainless steel are presented, and effect of inhibitors and 
impurities on rate of solution are discussed and described. See 
Ref. 3 l. 
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25. W. E. Bost, Thermal and Corrosive Properties of Solid and Liquid 
Lithium, TID-3605 (August 1957). 

Contains a list of classified and unclassified references to the 
physical, chemical, and engineering properties of lithium. Data on 
vapor pressure, density, viscosity, thermal conductivity, surface 
tension, enthalpy, and other properties are referenced, as well as 
information on the corrosion of various structural materials by 
lithium. 

26. C. E. Bunker, Test Results of Lithium Mass Transfer Loop LPL-1, 
TIM-405 (1957). 

Type 316 stainless steel was tested in a 760—538°C loop with titanium 
as a getter in the loop for 380 hr. Lithium flow rate was 1 fps 
(0.3 m/sec) at the heater, and the nitrogen content was 1000 ppm 
pretest, 4000 ppm post-test. The hot wall was attacked to a depth 
of up to 3 mils (76 ym), and the deposit in the cold end analyzed 
54% Fe, 7% Ni, 11'.% Cr, and 1.5% C. Iron-chromium carbides were 
found attached to the cold leg wall. 

27. R. C. Shaw and G. E. Coyle, Type 316 Stainless Steel Forced Convection 
Lithium Corrosion Loop Test LSSA-1A1, TIM-434 (1958). 
The above steel was tested in a 760-538°C loop for 129 hr. The flow 
rate was about 5.3 fps (1.6 m/sec) in the heater leg. There was about 
0.4 mil (10 ym) intergranular attack at the hot leg. The cold leg 
deposit was 57% Fe, 20.2% Ni, 5.3% Mn, and 2% Cr; manganese nitrides 
were also found. The lithium was about 400 ppm N pretest and about 
4500 ppm N post-test. The steel had 0.063% N at start and 0.054% N 
post-test. 

28. R. C. Shaw, Type 316 Stainless Steel Forced Convection Lithium 
Corrosion Loop Test LSSA-ZB1, TIM-465 (1958). 
The above steel was tested in a 760-538°C loop for 250 hr. The flow 
rate was 6—10 fps (1.8—3 m/sec) in the heater, and the lithium was 
gettered by t xtanium. There was a 3 to 6 mil (80—150 ym) decrease 
in the hot leg wall thickness plus 1.5 mils (38 ym) intergranular 
attack. The deposit analyzed 84% Fe, 5.- . Ni, 4.5% Cr, and 1.1% Mn. 
The nitrogen was 2000-3000 ppm pretest and 85̂ -135 ppm post-test in 
the lithium. The titanium getter was coated with TiN. 

29. R. C. Shaw, Type 316 Stainless Steel Forced Convection Lithium 
Corrosion Loop Test LSSA-4A2, TIM-466 (1958). 
The above steel was tested in a 760-538°C loop for 250 hr. The flow 
rate was 12 to 60 fps (3.7—18 m/sec). There was 1 to 5 mil 
(25—130 ym) solution attack in the hot leg. The deposit analyzed 
67.3% Fe, 17.7% Ni, 13.4% Cr, and 0.6% Ho. The nitrogen was 
6800 ppm pretest and 10 ppm post-test. 
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30. R. C. Shaw, Forced Convection Lithvm Corrosion Loop Test LCSA-1D1, 
TIM-467 (1958). 

A loop of type 316 stainless steel was constructed but with a Nb-0.6% Zi 
alloy heated leg. It was operated at 760—649°C for 120 hr. The flow 
rate was 5 to 8 fps (1.5—2.4 m/sec), and the loop was operated iso-
thermally for 15 hr before the temperature gradient was imposed. 
There was no apparent corrosion in the niobium leg, but there was 
28 mils (0.71 mm) of attack [22 mils (0.56 mm) was the depth of the 
intergranular subsurface void formation] on the stainless steel next 
to the heater. The deposit analyzed 66-68% Fc, 10-18% Ni, 10-17% Cr, 
and 0.02% Nb. The lithium was 10,000 ppm N pretest, 55,000 ppm N in the 
lithium close to the cooler exit. However, it is uncertain whether 
this vas dissolved in the lithium or present as particles of chromium/ 
manganese nitrides. There was an A1N film on the niobium. 

31. B. Minuskin, Determination of the Solution Rate of Metals in Lithium, 
Nuclear Development Corp., NDA-44 (June 30, 1958). 

Solution rate experiments were performed on types 304 and 316 stainless 
steel, molybdenum, and aiobium at 871°C. Samples were dipped into the 
lithium and held for various time periods. The crucible was eitfer 
stainless steel or molybdenum, and the weight loss was used as a 
measure of the amount of sample dissolved. The effect of additives 
to the lithium was investigated on the solution rate of type 304 stain-
less steel; these additives were Ti, Misch Metal, Ba, Al, Ta, N, 0, P, 
and CI. One test was made on the solution rate of type 304 at 593°C. 
Initially, the stainless steel dissolves at a rate of about 
3 mg in. hr-1 (5 g m - 2 hr-1), but the dissolution drops to about 
one-tenth of this rate after a few hours. It is postulated i/uat 
nickel is rapidly and preferentially leached from a thin layer near 
the surface, after which the iron and chromium-rich surface, being 
less soluble in lithium, dissolved more slowly. Metallographic and 
x-ray fluorescence examination showed a nickel-depleted layer on the 
surface of samples after test. The N, 0, and Ti additives significantly 
increased the initial solution rate, while P, CI, and Ba had no 
noticeable effect. Misch metal, aluminum, and possibly tantalum 
significantly decreased the intial solution rate. Molybdenum dissolves 
extremely slowly, and the niobium data are conflicting. The stainless 
steel solution rate data are correlated with thermal-convection loop 
mass transport data. See Ref. 21. 

32. E. E. Hoffman and D. H. Jansen, Lithium Symposium — Analytical Procedures 
and High-Temperature Corrosion - Reading List,, CF-57-10-6 (Jan. 20, 1958). 

A list of 222 references pertaining to corrosion by molten lithium 
and related s u b j e c t s is compiled in connection with a symposium held 
at Oak Ridge National Laboratory on Aug. 7—8, 1957. 



17 

33. J. J. Sand and C. S. Grove, Solubility of Iron in Liquid Lithium3 
OMCC-HEF-166 (Aug. 22 1958). 

The solubility of iron in lithium was measured in the temperature 
range 250-1200°C. Pieces of iron tubing containing 0.04% C were 
deoxidized in hydrogen, filled with lithium, and welded shut. The 
lithium was cleaned of oil and loaded into the iron in an argon-
filled dry box. After equilibration the samples were quenched in 
oil at —30°C, and the lithium was analyzed for iron. The results 
below 600°C were inconsistent. The results above 600°C could be 
fitted to a log(solubility) versus 1IT plot. The solubility results 
were generally higher than those found by Leavenworth and Cleary and 
could be expressed by: Fe^ ^ = 0.178£ — 17.5, where t = °C. 

34. V. S. Lyashenko et al. , "On the Corrosion Resistan.-a of Some Materials 
in Sodium and Lithium," Vol. 7, pp. 111—18 in Proa. U.N. Intern. Conf. 
Peaceful Uses At. Energy, 2nd3 Geneva3 19S83 United Nations, New York, 
1958. 

The corrosion resistance of certain steels and pure metals was 
measured. Mechanical•properties of the steels were determined after 
exposure to Li and compared with those properties before exposure 
and with those properties of steels held without Li exposure. After 
230 hr at 830°C, plain C steels showed a considerable loss of C and 
penetration by Li, which was greater for the higher C steels. The 
strength and ductility of these steels also decreased, particularly 
at the higher C levels. Various Ni-Cr steels were exposed at 800°C 
for 230 hr in low-C steel containers; their C content increased by 
about a factor of 10 by transfer from the C steel container. The 
ductility decreased substantially, and the strength decreased by about 
10%. Lithium penetration corrosion was estimated to proceed at a rate 
of about 2.8 mm/year. Various Cr steels containing 12 to 17% Cr plus 
various other alloying elements up to a few per cent had less corrosion 
and loss of mechanical properties than did the Cr-Ni steels when tested 
under the same conditions; Nb- and W-containing Cr steels changed the 
least on exposure to Li. Chromium steel containing 2% Ni was the 
least resistant to Li corrosion. 

35. W. N. Gill and E. J. Walker, Mass Transfer in Liquid Lithium Forced 
Convection Systemss OMCC-HEF-169 (Dec. 16, 1958). 

Corrosion in a type 304 stainless steel loop was studied at 275, 335, 
and 440°C for time periods of 6 to 200 hr. The temperature drop ranged 
from 5 to 12°C, and the lithium flow was 4.4 to 5.2 fps (1.34—1.58 m/sec). 
About 100 specimens were tested. At the lowest two temperatures, the 
weight changes were irregular and inconsistent, which indicated that 
the samples were gaining weight by absorption of something from the 
lithium, while losing a small amount of weight by thermal gradient mass 
transfer. The 440cC samples lost weight in a more consistent and 
regular manner at a net rate of about 0.36 mg cm-2 year-1. Changes in 
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the microstructure of the steel after lithium contact were noted, and 
the amount of ferrite on the surface measured by x-ray diffraction. 
Ferrite was barely detectable after 200 hr at 275°C or 100 hr at 
335°C, but was present in significant amounts (10-20% after 100 hr 
at 440°C. The iron content of the lithium was measured, at each 
temperature. See Ref. 38. 

36. W. W. Parkinson and 0. Sisman, Liquid Metal Loops Irradiated in the 
ORNL Graphite Reactor and the LITR, ORNL-2630 (May 15, 1959). 
Lithium-type 316 stainless steel and sodium-Inconel loops were run 
under reactor radiation at high temperature. The lithium loop was 
operated at 538°C for 160 hr at a flow rate of 2 fps (0.6 m/sec). 
Corrosion was less ti an 0.0005 in. (13 ym) , if any, and no corrosion 
effects attributable to radiation were found. 

37. E. E. Hoffman, Corrosion of Materials by Lithium at Elevated 
Temperatures3 0RNL-2674 (Mar. 9, 1959). 

The corrosion resistance of various materials to lithium was deter-
mined in the temperature range 538 to 1000°C. Pure metals, alloys, 
cermets, and ceramics were studied in static tests in the range 816 to 
1038°C for times of 100 to 400 hr. Good corrosion resistance was 
exhibited by Be, Cr, Co, Nb, Fe, Mo, Re, Ta, Ti, W, V, Zr; Co-, Fe-, 
and Zr-base alloys; Co-bonded WC cermets, and the ceramic carbides of 
Cr, Ti, and Zr. Thermal gradient systems were investigated by both 
seesaw furnace and convection loop systems. Inconel, stainless steels, 
Nb, Mo, V, and Zr were studied with lithium flow velocities from 
1 to 8 fpm (5—41 mm/sec), AT between 56 and 333°C, and hot-zone 
temperatures of 538 to 1038°C for time periods between 100 and 3000 hr. 
Niobium and the stainless steels were studied most extensively. Lithium 
sampling and purification techniques were developed, and solubilities 
of nitrogen and oxygen in lithium were measured. Extensive metallo-
graphic investigation of the hot and cold legs of thermal-convection 
loops was conducted, and the deposits and corroded samples were 
analyzed to determine composition of metal transported. The effects 
of impurities in the metals and lithium were studied. The mechanical 
properties of type 316 stainless steel were studied after exposure to 
lithium of varying purity. Appreciable mass transport in stainless 
steel loops occurred when the hot leg temperature was 704°C or higher; 
type 347 stainless steel had the least mass transport at 538°C. The 
amount of mass transport at higher temperatures often gave inconsistent 
results. The transported material in the stainless steel tests contained 
particles of metal that were generally richer in nickel than the alloy 
and generally leaner in chromium. However, Cr2 3C6 crystals were often 
found adhering to the cold leg and sometimes the hot leg. Since the 
variation in analyses of the transported material and the inside layers 
of the hot and cold leg was large, the general observation was that 
only moderate preferential leaching of chromium and nickel occurred, 
and mass transport of chromium seemed associated with carbon. Grain 
boundary attack varied widely from loop to loop but appeared slightly 
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less for the types 321 and 347 stainless steel than for 316, and 
the attack seemed greater when the lithium contained more than 
500 ppm N after test. Type 446 stainless steel, which contained 
more carbon than the qther types, exhibited more grain boundary 
attack than the other types, especially in the cold leg. A thin 
layer of ferrite was found in the hot leg of all-austenite alloy 
loops. The. rate of metal removal from the hot leg section of a 
type 316 stainless steel loop is almost exactly described by an 
equation of the type: log(weight removal) = A + 3/T. The elimination 
of a diffusion cold trap from a loop increased the rate of mass 
transfer by 5 times. Addition of oxygen or nitrogen did not seem to 
significantly increase the mass transport, but nitrogen did increase 
the grain boundary penetration. An increase in flow velocity 
increased the mass transfer rate, but great differences in local 
variations in flow rate were noted, so that attack was not uniform. 
The results are extensively discussed. 

38. W. N. Gill, R. P. Vanek, R. V. Jelinek, and C. S. Grove, Jr., 
"Mass Transfer in Liquid-Lithium Systems," AlChE J. 6(1): 139-44 
(March 1960). 

The mass transport in a type 304 stainless steel system was investi-
gated under forced-convection conditions over a temperature range of 
421 to 6126C and lithium flow rates of 0.155 to 0.85 m/sec. Samples 
were in the form of flat plates of different lengths, fixed rigidly 
along the hot end tube. The AT ranged from 10 to 212°C. There is 
practically a straight line relationship between the rate of solution 
and the Reynolds' number raised to the 0.8 power. The solution 
rate appears to be independent of the A!T or the flow velocity and, 
thus, was governed by solid-state diffusion and/or interfacial 
resistance. Log of solution rate is essentially linear in 1/T. 
The deposit seemed to be higher in nickel than the original stainless 
steel, and the surface of the plates after test was ferritic. The 
deposition rate was exactly linear with NRe

0,e. The results are 
analyzed by mathematical treatment of the mass transport and flow 
equations. See Ref. 35. 

39. W. N. Crofford, T. A. Kovacina, and R. R. Miller, Isothenml Study o ' 
Concentration and Transport of Radioactive Stainless Steel Components 
in Liquid Lithium, U.S. Naval Research Laboratory, NRL-5572 (Dec. 29, 
1960). 

A radioactive type 347 stainless steel source was sealed in a type 347 
stainless steel pot with lithium and held at constant temperature for 
30 days. The radioactivity deposited on the container walls and in 
the lithium was measured. Temperatures were 825, 625, and 425°C. It 
was impossible to monitor chromium transfer. The iron transfer at 
825°C was about 27 times that of nickel or manganese, but at 625°C 
the transfer of these was about the same. At 425°C the transport of 
iron was about 10 times that of nickel or manganese. The rate of 
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attack was almost identical to the rate of transport. The concen-
tration of iron found in the lithium after test was much lower than 
the nickel or manganese concentration at 825 or 625cC but was about 
double the nickel or manganese concentration at 425aC. The nickel 
and phosphorus concentrations in the lithium increased noticeably 
during test. Results are compared with sodium-stainless steel 
transport data. 

40. R. E. Seebold, L. S. Birks, and E. J. Brooks, "Selective Removal of 
Chromium from Type 304 Stainless Steel by Air-Contaminated Lithium," 
Corrosion 16: 140-42 (468t-470t) (September 1960). 

Stainless steel tubes were filled with pure and air-contaminated 
lithium and placed in a temperature gradient to allow convection of 
lithium. Hot zone was 815°C and cold zone was 427°C. Only slight 
mass transfer was noted for pure lithium. However, when 0.36% air 
was added, the amount of material transported at 72 hr was almost 
enough to plug the cold zone. Highly air-contaminated lithium 
plugged the cold zone in 48 hr. The deposit was ferromagnetic and 
in the most air-contaminated case consisted of 85—86% Fe, 7—10% Ni, 
0.02-2% Cr, 4-7% Mn, and 1-1 1/2% Co. Microprobe analysis of the 
corroded section of the tube showed chromium depletion to a depth of 
about 5 pm below the surface. The lithium had from 12 to 25% Cr 
dissolved in it. Air-contaminated lithium is said to preferentially 
leach chromium out of stainless steel and to mass transfer the iron 
and nickel. 

41. Yu. F. Bychkov et al., "Corrosion Resistance of YA-l-T (Cr-Ni Stainless) 
Steel in Lithium with Oxygen and Nitrogen Impurities," Metallurgy 
and Metallography of Pure Metals (V. S. Yemel'yanov and A. I. 
Yevstyukhin, eds.), No. 2, Atomizdat, Moscow, 1960; English trans-
lation by Gordon and Breach, New York, 1962, pp. 76-90. 

Chromium-nickel steel, Armco iron, and electrolytic nickel were 
contacted with static lithium to determine the effects of added 
nitrogen and oxygen on the corrosion. The samples and the container 
were made of the same material. Times ranged from 110 to 240 hr, and 
the temperature was about 970°C for the stainless steel and 800°C 
for the nickel. The data indicate that added oxygen and nitrogen 
increase the solubility of nickel and chromium and the corrosion of 
the stainless steel but have little effect on the solubility of iron. 
Subtantial changes occur in the structure and properties of the 
stainless steel when nitrogen is added. 

42. Y. F. Bychkov, A. N. Rozanov, and V. B. Razanova, "Determining 
Solubility of Metals in Lithium," Metallurgy and Metallography of 
Pure Metals (V. S. Yetnel'yan°v and A. I. Yevstyukhin, eds.), No. 2, 
Atomizdat, Moscow, 1960; English translation by Gordon and Breach, 
New York, 1962, pp. 179-89. 

The solubilities of Fe, Ni, Ti, Mo, Nb, and Be were determined in 
the range 700—1200°C in crucibles of undisclosed composition. The 
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isothermal mass transfer of dissimilar metals was also investigated, 
aud the physical and mechanical property changes of the different 
metals were determined. 

43. N. M. Beskorovaynyy and Ye. I. Yakovlev, "Study of Corrosion of Iron 
and Chromium Steels in Liquid Lithium," Metallurgy and Metallography 
of Pure Metals (V. S. Yemal'yanov and A. I. Yevstyukhin, eds.), No. 2, 
Atomizdat, Moscow, 1960; English translation by Gordon and Breach, 
New York, 1962, pp. 190-210. 

The solubility of iron in lithium was measured in stainless steel 
containers from 400 to 1000°C. The solubility of chromium in 
lithium was measured in Armco iron containers over the same temper-
ature range. The transfer of carbon between lithium and Armco iron 
was studied, and the effect of chromium in iron on reducing the 
decarburization of iron by lithium was studied. The transfer of 
carbon from Armco iron to chromium steels was also examined. Iron 
and iron-chromium alloys containing sulfur and phosphorus were investi-
gated in contact with lithium; the sulfur and phosphorus impurities 
intensified the corrosion of the steels. 

44. B. Minushkin, Solution Rates and Equilibrium Solubility of Nickel and 
Iron in Liquid Lithium3 NDA-2141-1 (June 30, 1961). 
The equilibrium solubility and solution rates of nickel and iron in 
lithium were measured in the temperature ranges 540—&Z5 and 
662—760°C, respectively, using a liquid sampling technique. Lithium 
dissolved 27 ppm Fe at 662 and 85 ppm at 760°C. Saturation of the 
lithium occurred in less than 0.5 to 1.5 hr. Solution rate constants 
were determined as a function of stirring rate of the metal samples. 
Increasing the stirring rate from a linear velocity of 0.22 to 2 fps 
(0.07—0.7 m/sec) increased the solution rate constant for nickel by 
20 to 25%. The solution rate constant for iron in nominally static 
lithium was estimated to be 2.5 to 3 cm/hr at 662°C. 

45. K. E. Woodcock, "The Effect of Lithium on Stainless and Low Alloy 
Steels in the Temperature Range of 250-500°C," Diss. Abstr. 21: 
Abstr. 3726 (June 1961). 

Types 304, 316, 321, 347, 446, and 410 stainless steel and type 1008 
low carbon steel were tested for compatibility with lithium to 
determine corrosion changes and to identify the processes of corrosion. 
Specimens were placed in capsules of the same material with lithium 
and sealed. The samples were held at the selected temperature for 
different times up to 1429 hr. The weight and strength changes were 
measured, photomicrographs were taken, and the amount of lithium 
contained in the sample was measured. Thesis done at Syracuse 
University in 1960. 
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46. H. W. Leavenworth and R. E. Cleary, "The Solubility of Ni, Cr, Fe, 
Ti, and Mo in Liquid Lithium," Acta Metall. 9(5): 519-520 (May 1961). 
See also: H. W. Leavenworth, R. E. Cleary, and W. D. Bratton, 
Solubility of Structural Metals in LithiumPWAC-356 (June 30, 1961). 

The solubility of the above metals was measured from about 950 to 
650°C by a dipping bucket technique. Atomic size factor correlations 
permit straight lines to be drawn through the data. The rate of 
solution 6f iron in lithium was determined at 843°C. The effect of 
nitrogen contamination was shown to cause higher solubilities of 
Ni, Cr, Nb, and Ti than in the as-received lithium. 

47. P. Spsuedi and U. Beruabai, "Behavior of Carbon Steel in Melted 
Lithium at Different Temperatures," Metall. Ital. 53: 505-508 (1961). 

The microstructure of carbon steel was studied after contact with 
liquid lithium at 700 to 1000°C. The effect of temperature and 
lithium was studied on crystal structure, grain size, ductility, and 
corrosion resistance. 

48. M. S. Freed and K. J. Kelly (eds.) , Corrosion of Columbium-Base 
and Other Structural Alloys in High-Temperature Lithium, PWAC-355 
(June 30, 1961). 

Summary of several previous progress reports on the testing of several 
metals and alloys in forced-convection lithium loops. Iron and 
several austenitic stainless steels were tested for 50 to 200 hr in 
an 816-704°C thermal gradient forced-convection loop; extensive 
attack and thermal gradient mass transfer were observed. Type 316 
stainless steel was tested to determine the effect of hot leg 
temperature and AT on rate of mass transport at flow rates of 5 to 
25 fps (1.5—7.6 m/sec). Additions of aluminum and silicon to the 
lithium did not appear to inhibit the .oass transport when the lithium 
was pure (i.e., low in nitrogen). Nickel-base alloys in lithium showed 
much more transport than did stainless steel. Ti, Zr, Nb, Ta, V, 
and Mo showed negligible mass transport for hot leg temperatures up 
to 1093°C. Several niobium alloys containing small amounts of 
zirconium were given further extensive loop tests. 

49. H. W. Leavenworth and D. P. Gregory, "Mass Transfer of Type 316 
Stainless Steel by Lithium," Corrosion 18(2): 43t—44t (February 1962). 

Forced- and natural-convection loops were used to study mass trans-
port of the above steel at hot zone temperatures of 593 to 871°C. 
Four different types of hot zone attack were found: transgranular 
up to 760°C, intergranular penetration in the vicinity of sigma-
phase particles from 760 to 870°C, grain boundary precipitation if 
the lithium contained more than 100 ppm N, and carbide phase depletion 
if the lithium contained less than 100 ppm N. In the first type, a 
layer of a-iron was found on the surface of the hot zone. The depth 
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of the ferrite layer corresponded to that produced by diffusion of 
nickel. For the second type of attack, the removal of material is 
suggested to occur by dissolution of the nickel-rich layer around 
the sigma particles and mechanical transport of the sigma to the 
cold part of the system. 

50. J. R. Weeks and C. J. Klamut, "Liquid Metal Corrosion Mechanisms," 
pp. 106—129 in Corrosion of Reaotor Materials* Vol. 1, International 
Atomic Energy Agency, Vienna, 1962. 

General discussion of mechanisms and factors influencing them with 
some references to lithium corrosion. Many examples. In discussion 
at the end of the chapter, the role of nitrogen in lithium is 
explained in terms of increasing the solubility of a metal until the 
metal has removed nitrogen from solution. 

51. M. F. Amateau, The Effect of Molten Alkali Metals on Containment 
Metals and Alloys at High Temperatures3 DMIC-169 (May 28, 1962). 

A review of the nature of liquid metal corrosion, and a summary of 
previously reported results on alkali metal corrosion of metals, 
alloys, and ceramics. 

52. H. J. Chick, Bibliography on Corrosion by Liquid Metals3 LAMS-2779 
(October-November 1962). 

A bibliography covering the period 1957 to September 1962 was 
prepared from Nuclear Science Abstracts3 Abstracts of Classified 
Reports3 and the LASL Report Library Catalog. Some entries contain 
a notation of the content of the report. 

53. 14. M. Beskorovaynyy, M. T. Zuyev, and V. S. Yeremeyev, "Reaction of 
Austenitic Chromium-Nickel Steel with Liquid Lithium," Soviet Research 
in Production and Physical Metallurgy of Pure Metals3 No. 4 (May 31, 
1963), Gosatomizdat, Moscow; JPRS Translation 22697, pp. 97—105. 

Static tests of chromium-nickel austenitic steels in iron crucibles 
and in crucibles of the same material. Carbon was transferred 
from the iron crucible to the specimens. In case of identical 
specimen and crucible, no significant property changes were observed 
after tests at 1000 and 1200°C, as compared with tests in argon at 
the same temperature. No significant difference on welds. The lithium 
penetration into the stainless steel was measured. Some effort was 
made to correlate weight loss with solubility of Cr, Ni, and Fe in 
lithium. 

54. N. M. Beskorovaynyy et al., "Corrosion Resistance of Iron in Lithium," 
Soviet Research in Production and Physical Metallurgy of Pure Metals3 
No. 4 (May 31, 1963), Gosatomizdat, Moscow; JPRS Translation 22697, 
pp. 106-107. 
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The surface and impurity content of iron were studied after immersion 
in static lithium at temperatures up to 1000°C. Diffusion of lithium 
into iron (especially along grain boundaries) depends on impurity 
content of iron. At higher temperatures impurities are dissolved in 
the iron, and penetration of lithium is less. 

55. B. A. Nevsorov et al., "Corrosion Resistance of Constructional 
Materials in Alkali Metals," Vol. 9, pp. 561-78 in Proa. Intern. 
Conf. Peaceful Uses At. Energy, 3rd, Geneva, 1964, United Nations, 
New York, 1965. 

Review of corrosion behavior of chromium and chromium-nickel stainless 
steel in static lithium. Effect of carbon. Review of tests of iron 
containing carbon in lithium. Stability of various chromium carbides 
in lithium. Stability of Mo, Nb, and Ti carbides in lithium. 
Stability of oxide and sulfide phases in chromium steel exposed to 
lithium. Chromium and chromium-nickel steels were tested in natural 
convection tests with hot zone at 650°C and cold zone at 520°C. 
Chromium steels were corroded less than the austenitic steels, and 
added oxygen accelerated the corrosion rate 2 to 3 times. The chromium 
steels corroded much faster in austenitic barrels. Mechanical prop-
erties were studied after test. The rate of corrosion of austenitic 
steels (18-8 and 20-14) in a "mixer"-type system was studied at 700°C 
up to 1000 hr at 6 m/sec speed of sample relative to lithium. A 100 
to 300 ym diameter decrease was noted. Zirconium gettering of the 
lithium decreased the aforementioned corrosion rate by an order of 
magnitude. 

56. L. Rosenblum (ed.), Proceedings of %he NASA-AEC Liquid Metals Corrosion 
Meeting, Vol. I, NASA-SP-41 and Vol. II, NASA-SP-42 (CLASSIFIED), 1964. 

Extensive discussion of all facets of liquil metal corrosion phenomena, 
including theory as well as practical results and suggestions for 
further work. Contains only scattered references to lithium corrosion 
of ferrous alloys in Vol. I, however. 

57. R. L. McKisson et al., Solubility Studies of Ultra Pure Transition 
Elements in Ultra Pure Alkali Metals, NASA-CR-610 (October 1966). 

Experimental work consisted of solubility measurements in potassium. 
Tables are presented on solubility measurements of iron and other 
elements in lithium drawn from the work of others. The authors discuss 
the problems involved in making accurate solubility measurements in 
alkali metals. 

58. N. M. Beskorovainyi, V. K. Ivanov, and M. T. Zuev, "Behavior of Carbon 
in Systems of the Metal — Molten Lithium — Carbon Type," High Purity 
Metals and Alloys — Fabrication, Properties, and Testing (V. S. 
Emel'yanov and A. I. Evstyukhin, eds.), No. 5, Atomizdat, Moscow, 
1966; English translation by Consultants Bureau, New York, 1967, 
pp. 107-20. 
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The relative stability of LizCz is compared with several metal 
cartidest and the comparison used to explain the reactions in 
various Li-M-C systems. The Fe-Li-C, Cr-Li-C, Nb-Li-C, and Ta-Li-C 
systems were studied experimentally, with the result that in every 
case i:he metal became carburized when contacted with lithium that 
had dissolved carbon in it. Armco iron was used as the source of 
carbon. 

59. N. M. Beskorovainyi and V. K. Ivanov, "Mechanism Underlying the 
Corrosion of Carbon Steels in Lithium," High Purity Metals and 
Alloys —Fabrication, Properties, and Testing (V. S. Emel'yanov and 
A. I. Evstyukhin, eds.), No. 5, Atomizdat, Moscow, 1966; English 
translation by Consultants Bureau, New York, 1967, pp. 121—30. 

The reactions between carbon in iron and lithium are reviewed, and 
the mechanism of lithium attack on carbon steels is explained as the 
reaction of lithium with carbon in the steel to form carbon-lithium 
liquid solutions until the lithium is saturated with carbon, then 
the formation of Li2C2. Lithium penetrates into the steel, especially 
where pearlite is found; the resultant reaction products have a much 
larger volume than the cementite, and the result is cracking of the 
steel. Above 725°C the carbon tends to be present in solution in 
•y-xron, and carbon simply diffuses to the surface of the iron, where 
it dissolves in the lithium. 

60. N. M. Beskorovainyi, V. K. Ivanov, and V. V.. Petrashko, "Corrosion of 
Stainless Chromium-Nickel Steel in Molten Lithium," High Purity Metals 
end Alloys — Fabrication, Properties, and Testing (V. S. Emel'yanov 
and A. I. Evstyukhin, eds.), No. 5, Atomizdat, Moscow, 1966; English 
translation by Consultants Bureau, New York, 1967, pp. 131—38. 

Chromium-nickel stainless steel corrosion was studied in lithium 
containing various amounts of carbon. Reaction vessels were made of 
Armco iron and of the stainless steel (18-9 type containing titanium 
stabilizer). Tests were conducted under static conditions at 700°C 
for 10 and 200 hr. The surface and subsurface concentrations of Cr, 
Ni, and C were determined for each test condition. The concentration 
of chromium decreased regularly from the interior toward the surface, 
while the nickel showed pronounced minima and maxima before decreasing 
at the surface. The carbon content was high in regions of lower 
nickel content and vice versa. The concentration changes were inten-
sified when Armco iron was used as the container. 

61. D. F. Anthrop, The Solubilities of Transition Metals in Liquid Alkali 
and Alkaline Earth Metals, Lanthanum, and Cerium: A Critical Review 
of the Literature, UCRL-50315 (Sept. 20, 1967). 

The work of previous investigators on solubility is given as plots 
of log(solubility) versus 1/21, and, where warranted, heats of solution 
are calculated. Data are given for solubility of Fe, Cr, Ni, and 
other metals in lithium. Effects of impurities are discussed and 
conclusions presented. Areas of most needed research are outlined. 



26 

62. V. V. Popovich et al., "Corrosion Resistance of Armco Iron in Liquid 
Lithium," Sov. Mater. Soi. (English translation) 3(1): 17-23 (1967). 

Specimens of Armco iron were placed in Armco iron crucibles and 
exposed to lithium and held 100 hr at temperatures from 165 to 
1000°C. The attack and penetration of lithium were measured after 
test. The maximum depth of penetration occurred at 600cC, as did the 
maximum weight gain. Above 680°C, the specimen lost weight instead 
of gaining. The lithium apparently reacted with the FesC and diffuses 
along the grain boundaries and cementite plates. At higher temper?.cures 
the impurities tend to dissolve in the iron, and thus, decrease th? 
paths along which lithium can diffuse. Thus, Annco iron heated to 
925°C and then dipped in lithium showed little lithium penetration. 
The penetration at 600°C is about the same in 2 hr as in 100 hr (very 
rapid). 

63. V. V. Popovich, I. G. Shtykalo, and M. I. Chaevski, "Effect of Lithium 
on the Mechanical Properties of Armco Iron," Sov. Mater. Soi. (English 
translation) 3(2): 88-93 (1967). 

Armco iron was given long- and short-term tests in vacuum and in 
contact with lithium at temperatures up to 800°C. The strength and 
ductility of lithium-tested specimens are lower than those of 
vacuum-tested ones. The difference depends on temperature and strain 
rate. The ductility is lowered by as much as 85% at 400°C, but the 
UTS is only 15% lower. The amount of lithium penetrating along the 
grain boundaries is larger at the slow strain rates. The effect of 
prior thermal history is studied, as well as mechanical properties 
of the iron after holding at temperature in argon. Even when lithium 
has completely penetrated the iron, the iron shows definite strength, 
perhaps by formation of a secondary grain boundary skeleton. When 
aluminum is added to the lithium, the effect of lithium on the strength 
of the iron is decreased, especially if the sample is held in the 
lithium-aluminum alloy for over 15 hr. 

64. G. V. Samsonov, "Electron Mechanism of Adsorption-Induced Weakening 
of Solids Under the Influence of Melts," Sov. Mater. Set. (English 
translation) 3(3): 177-83 (1967). 

The mechanism of accelerated crack propagation is analyzed in the 
case of the iron-lithium system. The role of dislocations, stresses, 
and surface energy is discussed. Parallel cracks interact to intensify 
the propagation of each other. The role of lithium is discussed in 
terms of reactive diffusion along grain boundaries and resultant 
effects on the previously mentioned variables. Fine grained quenched 
Armco iron should have the greatest resistance to penetration by 
lithium. 
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65. Ya. K. Bebkovich, V. F. Shatinsky, and M. I. Chaevsky, "Strength 
and Ductility of Welded Joints Working in Contact with Liquid 
Lithium," Sou. Mater. Sci. (English translation) 4(1): 1-7 (1968). 

Samples of titanium-stabilized chromium-nickel stainless steel and 
a 13% Cr steel were electric-arc welded with n nonconsumable tungsten 
electrode in spectrographically pure argon or welded in standard 
argon. Welded tubes were filled with lithium, and control tubes 
were unfilled. The tubes were then held for 500 hr at various 
temperatures and then tested in tension at these temperatures. All 
welds vere resistant to effects of lithium; the strength showed 
little change, and most fracture occurred in the base metal, although 
suitable heat treatments are needed for the chromium steel after 
welding. Some effects of lithium containing N, 0, or N plus 0 are 
shown. 

66. G. G. Maksimovich, V. S. Frenchko, and F. P. Yanchisin, "Investigation 
of the Variation in the Hardness of lKhl8N9T Steel After Long-Time 
Loading in Argon and Liquid Lithium," Sov. Mater. Sci. (English 
translation) 4(6): 495-498 (1968). 

Specimens of titanium-stabilized 18 Cr-9 Ni stainless steel were 
loaded to various stresses and exposed to liquid lithium and argon 
at 500 and 650°C for holding times of 1, 10, 100, and 1000 hr. 
After test the hardness of the lithium-exposed specimens was compared 
with the hardness of the argon-exposed specimens. The effect of 
lithium on hardness is more pronounced at 650°C than at 500°C, and a 
sharp reduction in hardness is noted after about 100 hr for stress 
levels over about 15 kg/mm2 (150 MPa). An explanation is offered for 
the different curves of hardness, time, temperature, and stress. 

67. M. S. Goikhman et al., "Corrosion Failure of lKhl8N9T in Liquid 
Lithium," Sov. Mater. Sci. (English translation) 4(6): 491-94 (1968). 

Isothermal and convection tests were made on the above steel in 
lithium at 700 and 800°C. The effect of added oxygen and nitrogen 
was also studied. In the static tests, nitrogen was shown to accel-
erate the penetration of lithium into the steel more than oxygen did, 
and the maximum penetration occurs when both are present. In con-
vection tests, the presence of oxygen and nitrogen together in the 
lithium increased the specimen weight loss. The latter specimen, 
tested after removal from lithium, had a 14% decrease in UTS. 

68. V. V. Popovich et al., "The Effect of Lithium on the Mechanical 
Characteristics of Austenitic Stainless Stetls," Sov. Mater. Sci. 
(English translation) 5(4): 345-51 (1969). 

The effect of stagnant lithium on the UTS and creep strength of 
Crl7Nil0Ti austenitic stainless steel was studied at temperatures 
up to 1000°C. The long-term strength of Crl8NilCTi steel is 
considerably less in flowing lithium than in static lithium or argon. 
The corrosion of the steel held under stress in flowing lithium was 
also greater than if held in static lithium. 
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69. F, P. Yanchishin, G. G, Maksimovi.h, and B. N. Borshch, "Changes in 
the structure of lCr 18Ni 9Ti Steel Held Under Load at Elevated 
Tenroeratures in Liquid Medium," Sov. Mater. Sci. (English translation) 
5(4): 340—44 (1969). 

Changes in the structure and certain mechanical properties of the 
above steel were studied in specimens held under load in liquid 
lithium at 650°C. The specimens were held for 100 and 1000 hr under 
a variety of stresses from 0 to 15.3 kg/mm" (150 MPa) and then tested 
at room temperature. The amount of various precipitate phases was 
greater in stressed steel than in the unstressed steel. No specimens 
were carried along under the same time, temperature, and load conditions 
without lithium present. 

70. J. 0. Cowles and A. D. Pasternak, Lithium Properties Related to Use 
as a Nuclear Reactor Coolant, UCRL-50647 (April 18, 1969). 

Summary of chemical and physical properties of lithium, safety 
considerations, purification, analysis, heat transfer, and chemical 
compatibility with reactor materials. Contains brief summary of 
solubility measurements of metals in lithium and ability of various 
metals to act as container materials for lithium. 

71. J. E. Drale;, and J. R. Weeks (eds.), Corrosion by Liquid Metals 
(Proceedings of the Sessions on Corrosion by Liquid Metals of the 
1969 Fall Meeting of the Metallurgical Society of AIME, Philadelphia, 
Oct. 13-16, 1969), Plenum Press, New York, 1970. 

Chapter 7 of Session II is entitled, "The Corrosion of Metals by 
Molten Lithium," by Gerrit DeVries. Lithium covered by a layer of 
oil was heated to 316°C, and small samples and tensile-test samples 
were immersed (the lithium had previously been melted in air). 
Some tests were made at 482°C under helium at 100 psi (0.7 MPa). 
Materials tested were very low-, low-, medium, and high-carbon steels; 
alloy steels, tool and valve steels, stainless steels, nickel- and 
cobalt-base alloys, Kentanium, Ti, Mo, W, and Cr. The samples were 
subjected to a constant tensile stress during the period of immersion 
in the lithium and afterwards tested in a standard tensile testing 
machine. The length of immersion in lithium was not always clearly 
specified. The results are presented in a table as being "attacked" 
or "not attacked" under headings of "microstructure," "tensile," and 
"stress corrosion." The austenitic stainless steel and the unhardened 
ferritic stainless steel seemed most resistant at 316°C. Of the very 
low-carbon steels, TiNamel (a very low-carbon steel containing a 
little titanium used for enameling purposes) performed best. 
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72. D. De L. Slatter and D. D. Hovat, "Mass Transfer Effects in a 
Stainless Steel-Liquid Lithium Uranium Carbide System," J. Iron Steel 
Inst, (London) 208: 282-88 (March 1970). 

Compatibility tests were carried out with molten lithium and uranium 
carbide pellets of various carbon contents in type 304 stainless 
steel capsules. Tests were at 500, 700, and 900°C for times up to 
400 hr. The steel was attacked by the lithium, resulting initially 
in intergranular penetration. At 900°C general dissolution of the 
steel occurred, and chrome-iron crystals grew on the uranium carbide 
surface. A mass transfer mechanism is proposed involving LisN as the 
promoting agent by releasing carbon from uranium monocarbide by 
forming U(C,N) mixtures. The carbon was transferred to the steel, 
aggravating the attack. Elimination of nitrogen from the system 
could probably reduce or eliminate the mass transfer and attack. 

73. G. N. Dubinin et al., "Coating with Molybdenum to Increase the 
Resistance of Steel Khl8N9T to Liquid Lithium," Met. Soi. Heat 
Treat. 12(10): 864-66 (1970). 

Titanium-stabilized 18 Cr-9 Ni stainless steel samples were coated 
with molybdenum by contact with powdered molybdenum in vacuum for 
6 hr at 1100"C. As compared with uncoated steel, the molybdenum-
coated steel took almost twice as long to fail in tension when tested 
in lithium at 900°C. The molybdenum-coated steel had greater 
resistance to lithium penetration, and the depletion of nickel was less. 

74. M. S. Goikman, "Changes in the Microgeometry, Microhardness, and 
Structure of the Surface of Certain Alloys Under the Influence of 
Lithium," Sov. Mater. Soi. (English translation) 6(3): 389-91 (1970). 

Titanium-stabilized 18 Cr-9 Ni stainless steel samples were tested 
in convection capsules with and without sprayed Stellite coatings. 
The temperatures inve3tigated were 500-210, 600-225, and 700-265°C 
(first listed temperature is the hot zone temperature). After 
1000 hr the surface hardness of both types of stainless steel had 
decreased considerably, along with a loss in weight of the samples. 
The surface showed heavy erosion, which was attributed to dissolution 
of alloy components by lithium, followed by lithium penetration along 
grain boundaries. The amount of attack •as higher at the higher 
temperatures and increased with time. The Stellite-coated samples 
were attacked as much as or more than the uncoated samples. 

75. V. F. Shatinskii et al., "Protection of Structural Steels by Diffusion 
Coatings Against Corrosion in Lithium," Sov. Mater. Sci. (English 
translation) 6(6): 537-40 (1970). 

Samples of titanium-stabilized 18 Cr-9 Ni stainless steel and a 
constructional quality carbon steel ("steel 20," presumably containing 
0.2% C) were tested in flowing lithium at temperatures around 700°C. 
Before testing, some of the specimens of the stainless steel were 
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coated with aluminum and some of the steel 20 samples were chromium 
plated. The aluminum was deposited by contact with liquid aluminum 
or with a sodium-aluminum alloy. The weight loss and stress-rupture 
properties of the stainless steel were measured after up to 1000 hr 
exposure to flowing lithium. Only the microstructure of the steel 20 
was examined. The aluminum coatings were effective in considerably 
decreasing the amount of weight loss (by a factor of 5 to 6) and 
increased the stress-rupture strength. Various nickel aluminides 
formed on the surface of the stainless steel were believed respon-
sible for the greater resistance to attack. The chromium-plated 
steel 20 showed less visible attack than in the anplated condition, 
which was attributed to the formation of chromium carbides at the 
surface. 

76. V. F. Shatinskii and M. S. Goikhman, "Mechanism of Corrosion of Steel 
lKhl8N9T in Lithium Involving the Precipitation of Second Phases," 
Sov. Mater. Soi. (English translation) 7(5): 71&-21 (1971). 

Corrosion tests on titanium-stabilized 18 Cr-9 Ni stainless steel 
samples were carried out in static and flowing lithium in the range 
500-800°C in order to further elucidate the mechanism of lithium 
attack on austenitic stainless steel. The particles of sigma phase 
present were removed on exposure to lithium. The weight loss measure-
ments were found to obey the relationship log(weight loss) = A — B/T; 
this expression was analgous to one found for the rate of dissolution 
of nickel in earlier work. Factors determining the rate of corrosion 
are reviewed (based on earlier work) and discussed. The precipitation 
of carbides intensifies the corrosion process, and no heat treatment 
can improve the situation if lithium is to be used in the range 
500—700°C. Thus, only protective coatings are useful, or extra-low-
carbon grades of stainless steel must be used. 

77. W. E. Berry, Corrosion in Nuclear Applicationss Wiley, New York, 1971. 

Chapter IV of this book is entitled, "Corrosion by Liquid Metals," 
and is a review of behavior of various metals, alloys, and refractories 
when exposed to various liquid metals. Lithium corrosion is covered. 
Chapter contains 288 references. 

78. G. G. Maksimovich et al., "Study of the Mechanical Properties and 
Structure of Khl8NlOT Steel After Preliminary Loading in Argon and 
Lithium," Sov. Mater. Sci. (English translation) 8(3): ^67-69 (1972). 

Specimens of titanium-stabilized 18 Cr-10 Ni stainless steel were 
loaded in tension and exposed at 800°C for 100 hr to either argon or 
lithium. The structure and short-term strength of the specimens 
were then studied at 20, 500, 800, and 950°C. The strength and 
relative yield stress are lower for the lithium-exposed specimens 
than for the argon-exposed ones, but the ductility did not show much 
change. The microstructure of the lithium-exposed specimens is 
compared with that of the argon-exposed ones. 
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79. V. F. Shatinskii and 0. M. Zbcizhnaya, "Saturation of ikhl8N9T Steel 
with Beryllium and Corrosion Rate of the Coating in a Lithium Melt," 
Sov. Mater. Sci. (English translation) 8(5): 59-61 (1972). 

Samples of titanium-stabilized 18 Cr-9 Ni stainless steel were coated 
with beryllium by being insnersed in a calcium-beryllium bath containing 
1.5, 14.5, or 33% Be. Optimum conditions for beryllium coating were 
found to be at 900°C for 10 hr in a 332 Be bath. The coating 
consisted of an alpha solid solution of beryllium in iron plus FeBez 
and was about 80—100 pra thick. The coating offered some protection, 
but it was not adequate for long-term protection. After 500 hr in 
lithium the FeBe2 had disappeared, and beryllium and nickel had been 
leached out from the solid solution of the diffusion layer. Calcium 
is the preferred medium for beryllium plating, since it cleans the 
surface of the steel. 

80. V. A. Maroni, E. J. Cairns, and F. A. Cafasso, A Review of the 
Chemical, Physical, and Thermal Properties of Lithium that are Related 
to its Use in Fusion Reactors, ANL-8001 (March 1973). 

Various properties of lithium are reviewed, including the solubility 
of metals and nonmetals in lithium and the compatibility of materials 
with lithium. 

81. Isao Nihei et al., Corrosion of Austenitic Stainless Steels in Liquid 
Lithium, JAERI Report M-5683 (April 10, 1974). 

Samples of types 304 and 316 stainless steel were tested in flowing 
lithium at temperatures up to 600°C for a time of 1100 hr with a 
AT of 100°C. The thermal convection apparatus was made of type 304 
stainless steel with a lithium flow of about 0.14 fpm (71 mm/sec). 
The corrosion rate at 400 and 500°C was too low to measure, and the 
rate at 600°C was about 1.2 mil/year (30 ym/year), after corrections 
for carbon absorption were made. No significant difference between 
the corrosion rate of types 304 and 316 stainless steel was noted. 
Scanning electron micrographs of the. surface of specimers after test 
showed it to be uniformly coated with tiny projections, which were 
identified by x rays as chromium carbide. Microprobe analysis of 
specimens after test at 600°C showed that just behind the chromium 
carbide projections the nickel content was 25% and the chromium 
content was 8%. The iron content dropped sharply just behind the 
projections. There was no change in alloy content 5 ym or more 
below the surface. Results were somewhat difficult to interpret 
because of possible impurity content of the lithium; some 
paraffin may have ^ .:an into the loop. 
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82. C. M. Zbozhnaya and E. V. Borisov, "On the Redistribution of Main 
Components in lKhl8N9T Steel After Beryllium Plating and Testing in 
I "thium Flow," Sov. Mater. Sci. (English translation) 10(3): 64—67 
,1974). 

Samples of titanium-stabilized 18 Cr-9 Ni stainless steel were 
beryllium coated by immersion in a Ca—15% Be bath at 900°C for 
10 hr. The sample formed a 70-ym diffusion layer, which was examined 
metallographically and with a microprobe. The beryllium-plated 
samples were then immersed in lithium at 700°C for times of 100, 
500, and 1000 hr, after which the diffusion layer and the sample 
next to it were again examined. The results show that after beryllium 
coacing, the base metal is depleted in iron and that nickel-rich 
inclusions are formed below the beryl.lium-rich layer. After immersion 
in lithium the chromium and iron redistribute to higher concentrations 
at the surface, while the nickel content decrease near the surface. 
The beryllium layer partially protects the stainless steel from effects 
of lithium, even though the beryllium coating is unstable during the 
exposure. 


