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U’VCLASS/HED

ABSTRACT

Under operating conditions where-in the meta.l is protected
from excessive reaction with the atmosphere, it has been found
prectical to roll, extrude, cast, and weld lithium. The work has
been narrow in scope in that small quantities (in the order of a few
pounds) of metal were used in the several experiments.

The fundamental purpose of the work was to investigate
means of fabricating lithium in view of possible later requirements.
No exhaustive study was made of process varisbles. Only sufficient

work was dome to indicate that the proposed forming of the metal

could be done.
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General Discussion

Lithium is the lighteat of all alkali metals. At room
temperature it reacts slowly with moisture and oxygen of the air (1)=.
Differing from the other alkali metals, however, lithium combines with
nitrogen of :bhe air at ordinary temperatures. This reaction, forming
LizN, is accompenied by a rise in temperature. At temperatures near
its melting point (186°C) lithium may ignite in air and burn with an
intense white flams. The principal product of this reaction is
lithium oxide which forms an extremely caustic end irritating white
cloud. Lithium reacts with hydrogen to form a very stable hydride,
and with carbon dioxide to form lithium oxide, lithium carbide and
carbon, Solid lithium reacts with water; the lithium hydroxide
formed has a comparatively low solubility in water (1).

Lithium has been found to attack stainless steel and to
dissolve nickel; sintered quartz is suggested for use as a lithium
container up to 285°C (1).

PHYSICAL PROPERTIES OF LITHIUM (5)

Atomic Number 3
Atomic Weight 64940
Density at 20°C-g/ou cm 0.53
Atomic Volume, Cu Cm/g-atom 13
Melting Poimt °C 186t s

* All references refer to the Bibliography at the end of this report.




PHYSICAL PROPERTIES OF LITHIOM (Cont'd)

Boiling Point °C 1370

Specific Heat at 20°C 0,79
ca.l/g/°c

Hoat of Fusiom, ca.l/g 169

Specific Gravity 0.654

Heat of Fusion, Bt u/ib 286

Coefficient of Linear

Thermal Expansion Near 20°C 656

Micro-in.?éc

Thermal Conductivity mear 20°C 0.17

oal/sq om/om/0C/sec

Electrical Resistivity, microhm-om 8.66 (0C)

Hardness Moh's Soale 0,06

Volums Change in Fusion 1,6

Metallurgy and Fabrication

Lithium metal can be extruded, rolled inte sheet, pressed
into wire snd welded. The primcipal diffioculties encountered in its
febrication is 1ts susceptibility to cerrosiom during the fabricating
operations, Protection of the surface by immersion in a bath ef
kerosene before and immediately after rolling helps te limit this
corrosive action te a minimum, Varaish, paraffin or some other
erganis oovering may be applied o the finished shape to step oxida-
tions In an imrt. atmosphere, as for example argon or paraffin vapor,
1ithiun can be handled up to 200°C. This permits melting and ocasting

of the metal.
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Lithium emd magnesium readily form a solid solution at the
lithium-rich end of the system. %This alloy is body centered cubic
and should work as readily as does lithium. The solidus curve rises
gradually from the melting point at 100 percent lithium to about 200°C
at 80 atomic percent lithium or about 93 weight percemt (1) A
satisfactory casting method for preparing the high lithium alloys of
magnesium was obtained by packing the alloys in a low carbon steel
tube so that the atmosphere in the unit was predeminently lithium
and magnesium. Other alloys of lithium have beem investigated such
as alloying with beryllium., An alloy of 66% lithium and 35 beryllium
is as light as water but corrodes easily. By adding small quantities
of aluminum or zirc to lithium the hardness, strength, and resistance
to corrosion are increased (2).

Purpose of Lithium Investigation:

Te determine the feasibility of producing & cylindrical
shape having the following dimensions.

Outside diameter Wall thiockness Lensf.h

Approx. onme meter 1/4 inch te 1/2 inch Approx. 6 feet
The shape is to be a self-contained unit which must elso allow for
enclosure of each end of the oylinder.

Proposed Methods of Fabrication:

1, Direct extrusion of eoylindrical shape and subsequent

welding of eircular plates at each end,
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2. Rolling sheet to desired thickness and forming a
cylindrical shape, joining of sheet and erds either by hot-iron weld-
ing or spot welding.

Procedures and Methods Tried:

Extrusion seemed to be the most direct approech te producing
a cylindrical shape. Drawings, Figure 1, and tools, Figure 2, were
made to extrude a scale size tube having & ome inch outside.diameter
and 0.010 inch thiock well. A cylindrical billet of lithium 3 inches
in dia:ﬁeter and 1/2 inch in thickness was cut from a flattened piece
of lithium, and inserted into the lower recess of the die holder,
Figure 2. The die was placed in the die holder and the remainder of
the parts assembled. The extrusion die and ram assembly were placed
on top of the kerosene well, Figure 1, ready for extruding. Eguipment
used was & Hannifin press, cepacity 756 tons. Maximum pressure exerted
to extrude the 1 inch 0.Ds x 0,010 inch wall cylind'er was approximately v
260 psi. Figure 3 shows two views of extruded lithium tubes.

The results obtained from the preliminmaery extrusion work
were favorable and tools were designed and constructed to cast and
extrude a cylimder 13 inches O.D¢ x 0,100 inch wall; a size approxi-
mately 1/3 of the contemplated final shape.

Cagting Techmigue:

A casting mold was designed, Figure 4, to cast a ring 13%

inches outside diameter by 12% inches inside diameter amd 4 inches in
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Figure 1 « Drawing and schematic diagram showing

tools and assembly required to extrude
a 1,00" 0.D. x 0,010" wall cylinder

from lithium.
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Figure 2 - PARTS LIST

A.
B.
Ce
D.

E.

Die Holder
Die

Dummy Block
Ram guide

Extrusion Ram . '
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Figure 3 - Two views of 1" outside diameter

x 0.010" wall extruded lithium tubing.
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Figure 4 ~ Detail mold drawimg for oasting a
lithium ring 13%" O.D. x 123" I.D.
x 4" high.
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height. A survey of the literature indicated that the association of
lithium with iron had the least amount of solubility at elevated
temperature (1). Upon this basis, iron was used as the mold material.
The design of the mold was made to include a small lip around the
inner portion of the mold wall, the purpose being to stack the lithium
metal on this surfece and as the temperature rose the metal would flow
into the mold cavity, thus leaving any oxides formed on this surface.
This line of reasoning was well founded from the results obtained
after the casting was formed and inspected.

The mold was designed to fit in a resistance type pre-<heat
furnace. A charge of approximately two pounds of lithium was pleced
in the mold and the mold placed in the furnace. Temperature comtrol
was maintaiﬁed by one thermocouple from the furnace recorder end a
check control by a portable temperature recorder. Time required teo
bring the lithium nietal up to temperature was approximately ome hour.
The metal was held at temperature (2689C) for one hour and then
cooled to room temperature.

Considerable trouble wes encountered in trying Yo remove
the cast lithium ring from the steel mold. Apparently the surface
of the mold was not properly cleesned as a reference had indicated
thet mild steel, thoroughly cleaned, was recommended for handling
molten lithium (1). At elevated temperature, welded seams and joints

are likely to suffer penetration. Steel equipment, in contact with
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molten lithium, is rapidly decarburized. The stainless steels have
been considered unsuitable for handling liquid lithium at high tempera-
tures, but the trouble encountered in the past is now believed to have
been caused by the presgence of lithium chloride, or other contamina-
tion of the lithium,

In order to remove the lithium from the mold, it was
necessary to cut the lithium and peel it from the steel surface. The
two ends of the lithium slab were then cut on a 45 degree bias,
butted together and the ring thus fermed inserted in the metal spacé
of the emtrusion cylinder, Figure 5.

Figures 6 through 10 describe the equipment used to extrude
the 13 imch 0O.D. oylinder.

The extrusion and ram assembly is shown in Figure 1ll.
Extrusion was performed on a 75 ton Hannifin Press. The meaximum
pressure required to extrude the cylinder was 450 psi. Figure 12
shows the extruded cylinder. Figure 13 shows a photograph of the
1iquid wax well useds |

When the maximum stroke of the ram had been secured, the
extruded lithium cylinder was cut off from the lower extremity of the
die orfice using a knife and immediately put in the wax well te obtain
a protective covering.

The second extrusion runm did not use a cast lithium ring.
Lithium metal was relled to approximately 1/2 inch in thickmess by

4 inches wide, It required four lengths of the rolled metal to fill
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Figure § = Schematic drawing of extrusion die

and ram assembly.
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Figure 6 - Extrusion die and ram assembly.
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Figure 7 - Detail drawing of pressure plate (A)

and die support (H).
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Figure 8 - Detail drawing of liquid wax well.
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Figure 9 - Photograph of ccmponent parts for
extrusion and ram assembly. See
Figure 5 for detail description of

each part.
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Figure 10 - Photograph lhowing (B) ram,
(D) Dummy Block, (E) Inner die

ring, (F) Outer die ring.
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Figure 11 - Photograph showing extrusion and ram

assembly in press prior to extruding.
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Figure 12 - Photograph of extruded cylinder 13.5

inches in O0.D. by 0.100 inch wall.
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Figure 13 - Photograph of liquid wax well (Figure 5-J).
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the metal space in the extrusion cylinder, Each end of the several
lengths was cut on a 45° angle and assembled into one continuous ring,
Before assembly, each end was thoroughly cleaned to remove surface
oxidation and provide metal.to metal contacte. After extrusion,
approximately fifty percent of the extrvded length showed good pressure
welding of the individual pieces. The first portion of the extrusion
showed no bonding between the several sections. From the results
obtained later in the welding of lithium, it is felt that the welding
of rolled sheet into circular billets for extruding would be more
advantageous than casting a ring,.
Rolling

The rolling of lithium offered no particular difficulties.
The use of kerosene as a surface coating is highly recommended as it
affords the personnel working with the lithium both protection and
safety (1)s The rolls should be covered with sufficient keroseme so
as to allew free passage of the.lithium being rolled and to keep the
lithium from sticking to the rolls. Heavy or light reductions can be
made depending on the required thickmess needed.
Welding

l. Spot welding.

A technique for spot welding lithium was used whereby

copper sheet (0,020 inch thick) enclosed the lith;um sheet (0.100 inch

thick). The copper provided good thermel and electrical conductance
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and acted as a protection against the spattering of liquid lithium.
Pictures were taken showing samples of spot welded strips, weld test
and tensile spot-weld test and are shown in Figures 14 to 17. Spot
welding was performed on a Taylor Winfield, type ERB-12-75 spot welder.
Recommended settings using 0.006 inch copper sheefing as a covering

are as follows:

DATA
Electrode Pressure T lbs.
Welding Ferce 3% 1bs.
No. 1 Trensformer high setting
No, 2 Transformer low setting
squeeze time 3075 sec.

2. Hot~Iron Welding.

Rolled sections of lithium approximately 3/@ inch in
thickness were cut and welded together using a heavy solder iron at
approximately 287°C. A stream of argon was directed en the freshly
cut surface to minimize oxidation during the welding operation.
Figure 17 shows samples of welded sections and Figure 18 a circular
ring mede by welding strip together.

Physical Tests

Test strips were cut from extruded sheet 0,100 inch in
thickness and pull tests made, results of which are presented in the

table below,.
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Figure 18 - Photograph showing oiroular ring of

lithium sheet formed by iren welding.
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TABLE I

Pull Tests on Lithium Sheet.

Sample Temperature Tensile Elong. 2"
__No. of Test Strength gage length
1 (25°C) Room Temperature 150 psi (a) 45.0%
2 " " 166 psi (a) 58.0%
3 " " 185 psi (a) 50.0%
4 " " 134 psi (a) 50.0%
4 -116°C 225 psi (o)
5 -113°¢ 227 psi (e)
6 -200°C 655 psi ’(b), (o)
7 -200°¢C 650 psi (v), (e)
8 -200°C 760 psi (v), (e)
9 -200°C 790 psi (b)), (e)
(a) Average values at RT (25°C), 159 1bs/sq.in., 50.7% elong.

(v)
(e)

Average values at -200°C, 688 lbs/sq.in.

Broke outside of gage length, no visible elongation,

The point at which elongation will start after the sample

has been cooled down to sub zero temperatures is shown by the

following experiment. A test strip (0.100 inch thick) was cooled

down to minus 1229C and & weight equal to 310 psi was applied to the

sample, No elongation was apparent. The sample was allowed to warm

up slowly with temperature readings being teken continuously. At




minus 50°C the sample began to elongate. Elongation continued until
failure of the sample took place at 209C., An elongation value of 35
percent was recorded.

Corrosion of Lithium and its Protection

This is covered in detail in the Appendix,

Safety and Handling Precautions

Procedures followed in the handling of lithium metal con-
sisted of protective clothing, safety glasses, gloves and keeping the -
g80lid metal submerged in kerosene prior to working. Use of kerosene
during rolling and extruding was mentioned earlier in the discussion.

Personnel working with lithium should prevent access of air
to lithium on account of the formation of the black nitride which is
believed to increase materially the viscosity of liquid lithium. In
the case of fire, the fire may be smothered with dry sand or a mixture
of dry sand and iron filings.

Conclusions

Results show that lithium metal can be readily fabricated
by rolling, ﬁelding and extrusion. Necessary precautions must be
maintained by the personnel in handling the metal at all times.

Recommendations

In the event that additional work is performed on lithium
metal, the following procedures should be considered.
l, If it is required that the cylinder be extruded,

direct casting into the die using e mold plug on the lower die orfice
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would eliminate casting a ring and the difficulties arising from
removing the as-cast metal from a casting mold. Use of a paraffin
vapor in the casting of liquid lithium would eliminate the formation
of oxides.

2; Rolling lithium sheet to the‘desired thickness and
length, and utilizing a welding technique to form & ring which can be
extruded.

3. Eliminating extrusion altogether and forming the

cylinder by Jjoining rolled sheet either by spot welding or with iron

welding.




APPENDIX I

Preliminary Report on the Cerrosion of Lithium
and its Protection*

The protection of lithium from corrosion is normally
carried out by immersing the lithium in kerosene; however, the
application of lithium in the weapon program will not allow storage
under kerosene. Therefore a coating of some sort, either metallic
or non-metallic would be required.

The actual conditions to which the finished lithium shape
would be exposed has not been definitely set., This leaves the range
for teating wide open as far as temperature and humidty are concerned.

Preliminary investigations show that lithium can not be
plated directly in sn equeous solution since lithium reacts very
readily with water., Hopkins (1) has a vague reference to the pro-
tection of lithium by electroplating. The reference could not bé
found.

The use of non-aqueous plating media suggested a possible
substitute bath fér plating on lithium, however, a large number of
orgenic baths contain water and the remaining organic baths (no water)

which were investigated reacted with the lithium,

*This work was done by the Electrochemistry Section of Group CMR-6,
J. Gore, Section Leader, R. Seegmiller, A. Fox and A. Pinkerton.




Attempts to coat the lithium samples with a thin film which
would make a water tight envelope around the sample were tried.
Figure 19 shows the corrosion results of these various coats when
tested at 22°C and 20% relative humidity. The samples which were
painted with (1) silver conducting paint, and (2) plastic spray,
corroded at a faster rate than bare lithium. Two samples which were
painted with commercial semi-gless blue paint and aluminum paint
corroded at a lesser rate than bare lithium. ‘

In the interpetation of corrosion data, the work of McKay (2)
has been used as a standard. A corrosion rate of 10 mdd. (10 milli-
grams weight grain per square decimeter per day) has been chosen as
the failure limit. The curves of Figure 19 give a corrosion rate
greater than 600 mdd., which represent excessive corrosion,

The Plastics Section was asked to coat a sample of lithium
with any organic material, Several samples were submitted to this
section for corrosion testinge.

The lithium was dip coated with a paraffin base mixture 10%
Alathon "E", 90% Paraffin, developed by the Plastic Section of CMR-6
and discussed in Appendix II of this report.

The curves as shown in Figures 20 and 21 give the rate of
corrosion at 22°C and 20% relative humidity. Each curve shows a loss
in weight in the first ten days which may possibly be ettributed te
the release of absorbed moisture in the paraffin. Although there is

a ten fold difference in area between samples the slopes of the two
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