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Fabrication cf IJ-A1 Alloys

Abstract

Fuel elements of uran •.<.••• red both by extrusion

and by casting. Fuel elements for the CP-3 Heavy Water Reactor at Argonne National

Laboratory and some P-10 slugs for use at the Kanfon . by

the extrusion process. It wen found that with relatively small changes in composi

tion, different extrusion conditions were required to produce satisfactory results,

The optimum conditions have been determined for aluminum alloys containing 2%, 6%

and 7.5$ uranium.

A number of P-10 size slugs were prepared for use in the development of repro

cessing procedures. Cast slugs and extruded slugs were made, thus permitting a

direct comparison of the two types of slugs. The cost of reprocessing P-10 slugs

be greatly reduced by the use of extruded slugs in preference to the cast slugs

since the extruded slugs may be dissolved much more readily. The initial cost of

producing P-10 slugs also may be isaterlally less when done by extrusion methods

er than by casting and machining to final size, A preliminary cost estimate,

u >n the known production rate of the equipment used to make theao slugs,

places the cost at about $0.9? per slug.
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Introduction

The Metallurgy Division of ORKL has been requested on several occasions to pre

pare rods and slugs of U-Al alloys by various methods. This necessitated a certain

amount of development work in each case in order to be reasonably certain of per

forming satisfactory work. The specific alleys used in this work were 2% 0-98? &

6% U-9/$ Al and 7.5* U-92.52 Al.

The fuel elements for the CP-3 Heavy Water Reactor at Argonn< I] Lional Laboratory

(25? TJ-A1) were mace by extruding a red oversize, followed by a roll Lin

bring them to the required size. The P-10 slugs for Hanford (7,5% U-Al) were pre

pared by extruding oversize and drawing to size on a 20,000 lb, draw bench. About

['-10 typo slugs were prepared for Chemical Technology Division both by extrusion

and by casting. This work permits a comparison of production costs and relative

quality of slugs produced by the two different processes.

Summary

Fuel elements have been manufactured successfully both by extrusion ond by cast

ing. The most expedient method is the extrusion process since a large number of rods

or slugs may be made very rapidly. It v/as found that satisfactory extrusions could

be made from billets of a 2% U-9*# Al alloy under the following conditions:

(1) Flat face die at 200°C,
(2) Container temperature of 205°C.
(3) Billet of U-Al 3-1/8 inches in diameter, 6 inches long.
(4.) Temperature of 3C0°C.
(5) Extrusion pressure of 300 - 390 tons and speed of 38 ft./rcin.
(6) Dummy blocks of steel 3.K5 inches in diameter by 2 inches

long at a temperature of 75°C.

The 6% and 7.5% U-Al alloys required progressively higher temperatures to yield

satisfactory extrusions. The identical dies and extrusion conditions were used but

it was necessary to increase the billet temperature to 360°C in the case of the 6%

U-Al alloy and to 4-80°C for the 7.5$ alloy.



Extruded and cast slugs of 7.5$ U-Al alloy were prepared for the Chemical

Technology Division of ORNL who found that the extruded slugs dissolved much more

readily than did the cast slugs. This is thought to be due to the difference in

distribution of the UA1, compound in the alloy. The cost of producing a slug by

extrusion and drawing is considerably less than the cost of the same size slug made

by casting and machining to the final size.

Conclusions

1. The satisfactory extrusion of U-Al alloys is highly dependent upon the billet

temperature and die design. The most satisfactory die design is one having a flat

face with a very small radius. The following extrusion temperatures were found to

be satisfactory:

2% U - 98$ Al - 3COcC

6$ U - 94$ Al - 360°C

7.5$ U - 92.5$ Al - 4S0°C

2. The observed, differences in rate of dissolution of cast slugs and extruded

slues is probably due to the distribution of UA1, in the alloy.

3. The cost of producing an extruded slug is approximately 00.97 whereas a cast

slug is more expensive because of the increased machining operations required,

U> Extruded rods may be drawn to size and held within tolerance limits of <+ G.COl"

c - 0,002" on the diameter.

Experimental Procedvire and Discussion

A• Melting and Casting

The method of producing U-Al slugs consists of a melting and casting operation

followed by fabrication. The melting and casting procedure is constant regardless

of the subsequent fabrication and is summarized below.

Aluminum of 99.9$ purity was melted in a graphite crucible in a high frequency



induction furnace. When the aluminum was completely melted, the metallic uranium

wrapped in aluminum foil was added to the molten bath. The power was turned off

when the temperature of the metal reached 850 C and the bath stirred with a graph

ite rod for 10 minutes. In addition to this stirring, the melt was violently agi

tated by induced currents and the uranium appeared to go into solution very rapidly.

A continuous record of the melting cycle ?ra.s obtained with a strip chart, recorder
Q

and when the temperature of the alloy dropped to 725 C, the metal was sampled for

a control analysis and cast into graphite molds of the proper size. If extrusion

billets were desired, the metal was cast into a mold 3 to 4 inches in diameter and

8 to 14 inches long. If cast slugs were needed, the molds were 1.5 inches in dia

meter and 9 inches long. The usual size melt will make one extrusion billet to

produce ten extruded slugs or eight cast ingots for machining into eight slugs.

The structure of the cast ingot is dependent upon the cooling rate, A very

rapid cooling of the melt results in a very fine grain size and consequently very

small particle size giving a more uniform distribution of the UA1, compound parti

cles. The molds used in the majority of this work were made from high purity graphite

whose high thermal conductivity produces a relatively rapid rate of cooling. Other

molds which have been used include iron, water cooled iron, copper, water cooled

copper and stainless steel. A brine solution has also been used around metal molds

to give a still faster rate of cooling. Samples which have been given a macro etch

to show the grain size are shown in Figure 1. The initial grain size seems to have

a very little effect on the final structure of an extruded slug. However, the grain

size is important in the case of slugs which are used in the as cast condition since

different properties are encountered with alloys having different distribution of

UA1, compound particles.
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B• Final Fabrication

(1) Cast Slugs

When slugs with an as cast structure are needed, the casr, ingot is

machined to the final size. The cast ingot and the machined slug are

shown in Figure 2, The machining operation consists of cutting off the

shrink head, facing both ends and. machining about 0..140 inches off of the

diameter of the slug. The usual tolerance is+O.OCl11 and —.002" on the

diameter.

(2) Extruded Slugs

An extrusion ingot four inches in diameter and 12 inches long is

shown in Figure 3. Portions of an extruded rod both in its original

condition and. after drawing to size are shown also in Figure 3. The to]

of the ingot is cut off to give an extrusion billet which is heated to the

proper temperature in an electric resistance furnace, The billet is ex

truded into rod of any desired diameter with a 700 ton Lake Erie extrusion

press. The optimum extrusion conditions for 2$ U-Al alloy which were

determined from the fabrication of fuel elements 0,850 inches in diameter

were was follows?

A. Die

(1) Flat face with a throat diameter of 0,861 inch,

l/32 inch radius at entrance and l/8 inch bearing

surface with 0°30' relief through bearing,

(2) Temperature 200°C.

(3) Throat cleaned by hand with a steel scraper after

each extrusion to remove excess alloy.

(/•) Cleaned after A - 7 extrusions with NaOH solution,

B. Container

(l) Temperature 205""C.
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As Cast Ingot Machined Slug

l\% U-AL ALLOY

Ingot and Slug of 7(/2% U-AI Alloy
Fig. 2
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C. Ram

(1) Initial Pressure - 390 tons,

(2) Running pressure - 390 - 300 tons,

(3) Speed - 38 feet per minute,

D. Billet

(1) Size 3-1/8 inches in diameter x 6 inches long,

(2) Temperature 300°C.

E. Dummy Block

(1) Steel block 3,145 inches in diameter x two inches

long.

(2) Temperature - approximately 75 C.

(3) Cleaned after each extrusion with NaOH solution.

It was found that with increasing uranium content in the alloy, higher tempera

tures were required to produce a satisfactory extrusion. A 6$ U-94$ Al alloy re

quired an extrusion temperature of 350 C while 7,5$ alloys needed a minimum tempera

ture of 480°c. Since the finished slug has little dimensional tolerance, it is not

feasible to attempt to extrude to the final size. The die having a 0,861 inch dia

meter throat produced rods 0.854 inches in diameter, while the 1.4 inch die yielded

rode 1,390 inches in diameter. Therefore, the red is extruded oversize and finished

to size by another operation such as rolling or drawing. The fastest and most satis

factory method of finishing to size is by drawing through a die on a draw bench.

The extruded rod. measuring 1.390 inches in diameter was drawn to 1,360 inches in

diameter. Alloys containing 7.5$ U have been drawn to the desired size consistently

within a tolerance of + 0.001 inch. To summarize, the optimum conditions for ex

trusion and drawing of 7.5$ U-Al alloy are given below.



13 -

Extrusion

A. Die - hardened steel

Throat diameter - 1.400 inches.

Radius of entrance - 1/64 inch.
Bearing Surface - l/S - 3/l6 inch.
Bearing Relief - 0.5.
Temperature - 200°C.

Diameter of extrrdcd red - 1,390 inches,

B. Container Temperature - 400 C.

C. Ram

Speed - 25 - 30 ft./min.
Pressure - 800 - 2100 psi (defending upon length of Lillet).

D. Billet

Size - 4-l/l6 inch diameter x 6 to 12 inches long.

E. Dummy Block
Material - Steel.

Size - 4.045 inches diameter
Terperature - Warm.

Drawing

A. Die

Design - 2 inch radius en bearing.
Size - 1.361 inches diameter.
Lubricant - Sulybonated. oil.

E. Speed - 40 ft./min.

C. Finished size of rod - 1.360 inches diameter.

therefore, no machining of the surface is necessary and the drawn rod. ray be

cut into slugs by simply cutting off to the proper lengths. Since the extrusion

and drawing operations are rapid, they are capable of very high production rates.

The melting and. casting procedures are identical for the preparation of cast

slugs to be machined and for billets to be extruded and dseawn to size, so that re

lative costs of production may be obtained by comparing only the machining and ex

trusion operations. The machining operations necessary to finish the slug to the

required dimension is estimated to be about $2.00 per slug for labor alone when us

ing conventional shop equipment. However, a preliminary estimate of a complete



plant to produce P-10 slugs from start to finish yields a cost of $0,97 per slug.

This estimate was based upon production equipment similar to that actually used to

manufacture the P-10 type slugs for the Chemical Technology Division. Since this

cost is about one half of the cost of labor for machining a slugfrom a cast ingot,

it is obvious that if the manufacture of P-10 type slugs were to be undertaken on

a large scale, the most economical and practicable method would be by extrusion.

The results of an investigation of the dissolving rates of both cast and extrud

ed slugs are given in a docuraent by Mr. A. T, Gresky and E. 0, Nurmi (ORNL Central

Files No. 50-10-44). It was found that extruded slugs dissolved much more rapidly

than did the cast slugs. A metallurgical approach to the problem siiggests that this

is probably due to the distribution of the UA1, particles and is treated in detail

in a companion memo. (ORNL Central Files No, 50-12-23).


	image0001
	image0002
	image0015

