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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Report No. 5
FLAT BONDED FUEL ELEMENTS

Period February 11 - April 10, 1954

SUMMARY

A second rolling of conditioned uranium slabs to approximately
183 mils thick strip was carried out at Superior Steel
employing conditions expected to avoid the difficulties,
particularly surface oxidation and overheating; encountered

in the initial August, 1953, rolling. The rolling was largely
successful. It reduced the slab to strip under closely
controlled, high alpha temperatures with a reduced amount of
surface oxidation. In the shearing of the strip, to provide
the widths desired for machining to 3-inch wide plate, shear
cracking again occurred. Tests with pre-heated strip indicate
that shear cracking should be avoidable by carrying out the
operation with metal heated to a temperature of at least 100°C.
At Atlas Steel Corporation, beta-transformation of long lengths
of flats was carried out successfully without significant warp
or other adverse dimensional change.

Aluminum components were again delayed. Expected delivery of
some of the sheath designs and of the "B" and "C" process tubes
dld not take place. Results with the long-ordered mandrel
extruded smooth sheath continued to prove sufficiently unsatis-
factory with respect to surface obtained and dimensional accuracy
that it will probably be necessary to abandon the hope of
obtaining mandrel-extruded sheaths. Accordingly, particular
attention is being pald to obtalning the highest possible quality
of aluminum billets to be used in the porthole extrusion of
sheaths. Aluminum that is free of oxide and other segregated
impurities would be required to avoid inclusions which might
penetrate through the sheath, particularly where the metal flows
together after leaving the porthole die.

Favorable results obtained in bonding by mechanical hot-pressing
and particularly the success with step-pressing have established
this as the preferred method for initial use in making long,
bonded uranium plates.
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1. URANIUM COMPONENTS

A. Metal Supply

A second rolling of uranium slab to flat strips of

183 mils nominal thickness was made at Superior Steel
Corporation on February 22 and 23. Conditions were----
planned to obtain rolling in the high alpha, avoiding
the varicus troubles, such as surface oxide formation
‘and surface cracks, experienced in the first rolling.
In general, improvement was experienced . and the
difficulties of the first rolling were largely avoided.

Fifty-two slabe 1" X 7-15/16" X 72" were heated to

- approximately 1140°F by average immersion times of 82
minutes in a lithium carbonate-potassium carbonate salt
bath held at a temperature of 1150°F. Thirty-five of
the slabs were surface conditioned in order to be
satisfactory for making strip of the required surface
characteristics. The remaining slabs were used to
establish operating conditions. Temperatures were
closely maintained during the rolling operation in the
high alpha with finishing temperatures averaging 1195°F.
The average mill through-time from salt bath through the
finishing stands was approximately 140 seconds.
Reduction from slab to strip was obtained by 5 rough

. basses and 3 finishing reductions.

Camber for most of the strips was less than 6 inches

for the total strip length of 40 - 45 feet. Extreme.
variation in the thickness of the finished strips was
from 182 to 191 mils with most of the strip held within
3 mils of the nominal 183-mil desired thickness.

Through eliminating contact with the strip of most of
the water from the water-cooled bearings, washing of the
lithium-potassium carbonate salt layer from the strip
was largely reduced. As a consequence, the uranium oxide
layer was decreased and general surface appearance was
much better than in the first rolling.

On March 2, thirty-one of the uranium strips rolled at
Superior were successfully sheared lengthwise to the

3 plus inch width required for final edge machining.
Shearing was performed on a hydraulic shear with a
l2-foot blade. Twenty-five of the strips were satis-
factory for shearing to obtain the planned two widths
per strip. The major defect in the remainder was_camber
of such magnitude that only one 3-inch width could be
secured in the shearing operation. Visual examination

-3- - ik
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of the pieces after shearing showed shear cracks
extending up 7o 1,/32-inch rCrom the edge on all pieces
examined. A surficienv allowance had been made in the
width orf the sheared sections to permit machining off
the craciks. Shearing of the above pieces was carried
out at rocom temperature. Later shearing experiments
carried out at approximately 100°C showed that use of
This temperature eilminaved the cracks. Employment of
this elevated temperature for the shearing operation
seems to he.entirely practical.

Beta-transformation of 16-foot.lengths of strip was
carried out av Atlas Steel in a vertical furnace.

This procedure for beta transforming long lengths

appears entirely satisractory. The amount of warp or
bending was not siznificant, except in the very ends of
the piece. TImmersion times invoived were of the order of
2 minutes at the longest. CJonrfirmaction of the apparently
satisfactery transformation will be sought by
metallograpnic examination of sections from the ends of
the transiocrmed strips.

Uraniumn Characteristics

As previcusly repcrted, metallographic studies have
revealed surface layers c¢f large grains, about 0.030 to
0.050 inches ceep, 1in some specimens of as-alpha-rolled
uranium plate from the August 3, 1953 Superior rolling.
Further study of the 1" X 7" transverse strips in which
this ancmaly was cetected has established that the large
grain size laye>s occur in definitely localized areas or
spots of a few inches in dlameter. In no case was the
whole sample strip covered with the large surface grain
layer. The localized nature of the effect lndicates

that surface oxidation or increased roll friction at spots
where the salt coating of the metal was washed off by
water on the rolls during rolling may have produced

"hot spots" of beta-transformed metal. Lack of cracking
in these areas indicates that the over-heating may have
occurred just after the plate emerged from the last pass.

II. ALUMINUM COMPONENTS

A.

Procurement of Fuel Element Sheaﬁhs and of Process Tubes

Deiay continues to be experienced with the procurement

of the aluminum fuel element sheaths and process tubes.
Delivery dates fcrecast in the previous report would- have
provided delivery of all items- during this report

period. However, cnly the two sizes of ribbed sheaths
required for the "B" process tube design were actually
delivered. Initizl lots of the "B" process tube and

of both designs of the "C" process tube are expected to
be delivered in the next report pericd.
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Difficulties ccntinue to be experienced in producing

by mandrel extrusion the unribbed piain sheatq,chosen
for evaluation of quality of the sheaths obtainable by man-
drel, as against those made %y porthole extrusion. The
difficultlies experienced in obtaining satisfactory
surfaces and dimensional tolerances on this item,

which has been crdered for more than a year, lead ¢to
the present bellef that relliance will have to be placed
on porthole extrusicns. As a consequence, greater
attenticn is being given So the quality of aluminum
from which extrusions are made in order to minimize

any defecta, such as oxide inclusions, at the closures
when the metal zomes together after going through the
porthole die.

Attacnhment ¢of Hiba =o Sheathed Fuel Elements

1. Corrcsicn cf T_trasonically Soldered Aluminum

Aercprojectz i testz of aluminum solders showed

that tensile-shear specimens soldered with ternary
alloys {approximately 73 Sn-23 Zn-4 Al) consistently
retain one-third of their initial tensile  strength
after 1400 hours exposure to water. Similar

specimens failed in iess than 500 hours during
corrosicn tests at the Savannah River Laboratory.
Corrosion tests of Aeroprojects'! folded-over ultra-
sonizally soldered rib gave poor results at Savannah.
Aeroprojects requested the return of all remaining
specimens of this type. By contrast with the

Savannah results, Battelle experienced no failure in

a gix-months’ %test period with similar samples. ' In
view of this evidence that exact corrosion test
conditions appear highly important and that various
obscure factors may be causing ultrasonically soldered
aluminum corrosion failures, attention to this method
of attaching ridbs “o aluminum sheaths is being greatly

" decreased. . ,

2. Ultrasonic Welding of Aluminum

In contrast with the corrosion results on aluminum
pleces fastened by ultrasonic soldering, all -corrosion
results on pieces fastened by ultrasonic welding

have been excellent. The initial difficulties
experienced by Aeroprojects in making satisfactory

and reprcducible weids with the high-power uitrasonic
unit required for metal thicknesses and dimensions

of the ribs and sheaths have been largely overcome.
initial samples indicate that the welding of ribs to
relatively thick gauge composites, such as the clad

fueli elements, is feasible.

-5 -
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ITTI. BONDING

The success to date of hot-press honding and, particularly,
the favorable results in step-pressing making poseible the
bonding ¢f <ong plates without unwieldy, impractical

dies and presses cause this methcd to be prererred for
initial fabricatico of *he full lengtn pieces for pile use.
Although the securing ¢f equipment nas prevented attainment
of further results on the extrusion {'"cable cladding”

process of uranium cladding at Bacttelle during this report
period, they will make tests cn actual widths and thicknesses
of plate in the next month. The method continues to appear
attractive as a long-range economical means of providing
ribbed and unribbed aiuminum claddings for uranium plate.

Quantitactive bond =t”engtb tezts ar2 neing run on wrought
uranium hot-press clad plates 431n 2 sxud welder to
attach tensile grips to the clad specimen |see Development
of Testing Methods). Preliminary results indicate that
bond strengths vary widely from O to 25,000 psi. The
average value for the J-Ni-Al bonds is about 10,000 psi.

Preilminary evaluation of hot-pressing tests indicate that
the use of methanol or simila» drying agents in the cleaning
procedure for aluminum components is not necessary for
obtaining gocd bonding.

The step-pressing die has been installed with a temporary
power source, and has besen operated. A preiiminary
temperature survey using an aluminum blank indicated
temperature gradients as high as 100°C from the end to
center of the die. The die was dismantled and reassembled
to eliminate cam galling.

IV. DEVELOPMENT OF TESTING METHCDS

A. Bond Strength Test by Stud Welder Technigue.

Deveiopment of quantitative bonding strength tensile
test 1s proceeding. A stud welder for attaching a
pulling stud to a clad surface has been installed, and
reproducible welding technigue has nearly been achieved.
The test results are adequate to start preliminary
studies {see Bonding).

B. Grain Size Determination of Wrought Uranium -

A pulse-echo type ultrasonic test was developed to
determine grain size of wrought uranium. The test,
based upon a count of the number of back reflections
obtained with 10 megacycle sound using & Sperry
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Reflectoscope, 1s 2 semi-quantitative cne. Although

it is influenced by test variables such as temperature,
specimen thicknegs, 2cupiing medium, and the pressure .
with which the transducer is applied Yo the metal
surrace, the 528t allcws one %c distinguish easily
wrought metal which has been aipha-rolled from the same
metal after beta-treatment. This precisicn is not

great snough, hcwever, to allow detecticn of the surface
layers cf large grains 1in as-roiled piate, mentioned
eariier.

V. FLAT FUEL FLEMENTS EY POWDER METALITRGY TECHI&QUES

A group of twenty powder metali

Sylvania Eiectric Productsz, Inc.,

powder uranium "preforma? 3 -indergoinz 5 schedules of non-
-~ 4w

g
destruztive ana dzstrugstive tegting.

ilurgy plates, prepared by
2 ty hov-prees cladding of

A. Non-Destractivre Tzs4s

Radiography cf the platzs in the 2s3-received condition
indicates the plaves are more uniform than the first
group ¢f Sylvania plates tested in December and January.
The =zdges cf the ccres have some small irregularitles,

up to .0-15 mils in =ize. The ends of the cores are
deformed slightly, and nearly half exhibited corners
which were somewhat chipped. ZIn five cases there was

a slight non-uniformity in ccre width. Only three plates
had "fish-tail" or icg-bone" ends, measuring as much as
1/32". While none cf the cores was completely straight,
only three showed as much as 10 mils camber. Edge
cladding “hickness varied somewnat, and five plates have

inclusions at the end plug-sneath interface.

B. Destructive Testing

A program of destructive testing including metallographic
examination of control bonding regions, tenslile and

fatigue testing of plate assembly complete with welded

end fittings, bond strength determination, and determination
of core metal density, chemistry, and mechanical properties
is under way. Only the results of metallographic
examination of a single plate are available, reveallng

the following features: :

1. Porous end-fitting welds (these are Savannah River
Laboratcry welds).

2. Negligible bonding between sheath and end plug. -

3. Core-end plug interface broken and ragged, with
Jagged edges nearly penetrating the sheath at this
point. ‘
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4. Core uranium grains are randomly oriented and
of 10-15 microns in size.

5. Within the core uranium are large inclusions of
foreign material - possibly uranium-nickel or
uranium-iron compounds. Spot tests did not
indicate the presence of nickel or iron in these
places, however, and their true composition is
uncertain.

6. Bonding layers of nickel and nickel-uranium
between core and sheath vary markedly in thickness,
suggesting imprecise temperature control during
pressing.

7. Cracks at the uranium-nickel interface are observed.

8. The nickel layer is ruptured in spots, especlally
at the ragged core-end plug interface, permitting
the formation of uranium-aluminum compounds.

C. MTR Irradiation Test

Further irradiation at MTR of the single Sylvania powder
metallurgy uranium plate, previously reported as having
been discharged after an integrated exposure of 750
MWD/ton, has been deferred until it can be inserted with
some of the above pleces to provide a full charge of
five plates.

VI. FLAT ELEMENTS PRODUCED FROM WROUGHT URANIUM CORES

A. Fabrication

The fabrication of a group of flat fuel elements with
as-alpha-rolled uranium cores was completed and the
plates are being tested preliminary to selection of
candidates for MTR irradiation.

The plates were fabricated from as-alpha-rolled uranium
cores of good quallity metal. Eighteen plates of grain
size nominally less than 100 microns were selected using
the pulse-echo grain size test (see Development of Testing
Methods). This test was, however, not sensitive enough

to detect thHe "hot spots" of large size surface layer
grains, which have been observed metallographically in
as-rolled uranium, and the possibility of the presence

of such large grain size regions could not be excluded.

Following nickel plating and detailed dimensional and

surface inspection the uranium plates were clad by hot-
pressing according to standard procedure previousl
described, using a pressing schedule
psi and- and
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Diffizulity was experie a in welding cthe end fittings
to the clad prlates ceceuse Toor thermal ccntact cetween
the zneath and the =nd rlug resulted in the sheath
"rolling rack" during welding.

Detailed resulits of the testing of the fabricated plates
are not yet available. In general. however, radiography
and ultrasonic tests indaicate the plates are of quality
comparavle to previcus MTR plates fabricated at the
Savannah River Laboratory.

MIR Trradiation of Beta-Traznsfcormed Wrocught Uranium

Three ceta-transformed wrougnt uraniun clates (so-called
Group I tlates) had accumuizted a2 $otal 3Xposure of

00 MAD/ton early in Marcn withour -vidensz o7 change in
dimensizn cr sther camazs. Irradiatics o7 the plates

- g emry 4
S coniinuing.

~
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