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SPECIFICATIONS AND PROCEDURES USED IN MANUFACTURING
U30g-ALUMINUM DISPERSION FUEL ELEMENTS FOR CORE I
OF THE PUERTO RICO RESEARCH REACTOR

W. J. Kucera,1 C. F. Leitten, Jr., and R. J. Beaver

ABSTRACT

The specifications and fabrication procedures developed
at the Oak Ridge National Laboratory for incorporating heavy
investments of nonweapon-grade enriched fuel into aluminum-
base elements for use in research reactors are described. A
thin plate-type element containing a dispersion of 20% en-
riched U30g was developed specifically for and successfully
used in the 5-Mw pool-type research reactor at the Puerto Rico
Nuclear Center.

The essential features of the component engineered for
radioactive service at 60°C in relatively quiescent water are
described. The underlying criteria that guided the design are
presented. The technological factors, such as compatibility,
corrosion resistance, and irradiation behavior, which led to
the selection of U30g as the fissile compound and aluminum as
the cladding and matrix material, are reviewed.

. The fabrication procedures developed and adopted for
manufacturing the component are presented in detail. The
general scheme involves incorporation of 65 wt % U;0g into
aluminum compacts by powder metallurgy techniques, prepara-
tion of composite fuel plates by roll cladding, assembly of
fuel plates into an integral unit by either the roll-swaging
or pinning techniques, and corrosion protection of the ele-
ment by an alodizing treatment to increase service life.
Quality control measures that were adopted to ensure consist-
ent production of components within dimensional tolerances
on a pilot-plant basis are described.

The described procedures were demonstrated by the success-
ful manufacture of 76 fuel elements within the established
specifications. The powder-metallurgical approach to fabricat-
ing high uranium investment fuels consistently ylielded fuel
plates of high quality with accurate control of fuel loading
and homogeneity. Mechanical Jjoining of the fuel elements
proved to be an economical method for assembling the pool-
type fuel elements within dimensional specifications, there-
by eliminating the need for brazing.

lPresently with D. A. Stuart 0Oil Company, Chicago, Illinois.



I. INTRODUCTION

Under the Atoms-for-Peace Program of the U. S. Atomic Energy
Commission, the Metals and Ceramics Division of the Oak Ridge National
Laboratory (ORNL) embarked upon the development of aluminum-base fuel
elements containing heavy fuel investments of nonweapon-grade enriched
uranium. This work was culminated with the development of thin-plate,
aluminum-base elements containing a dispersion of 20% enriched U30g and
successful employment of this element in the operation of the 5-Mw pool-
type research reactor at the Puerto Rico Nuclear Center (PRNC).

It is the purpose of this report tb present the various aspects of
materials technology advanced for incorporating heavy fuel investments
into aluminum-base fuel components in an accurate and uniform manner for
application in the PRNC reactor. The report describes the fuel element
specifications and fabrication procedures developed and adopted for the
first core loading of this reactor. The information is presented in
sufficient detail to enable an industrial manufacturer to undertake the
task of processing additional core loadings with only a minimum of
development work. Although the procedures described in this report are
specific for manufacturing only the standard fuel element employed in
the PRNC reactor, the general processing scheme is also applicable to
the manufécture of the control rod fuel elements and the partially loaded
fuel elements.

The PRNC reactor, which was designed and engineered by AMF Atomics
(a division of American Machine and Foundry ), employs thin-plate-type
aluminum-base fuel elements and is cooled and moderated with light water
circulating through the elements at the relatively low velocity of
1.3 fps. The overall geometry of the individual plates and elements is
approximately the same as normally specified for pool-type elements
containing highly enriched uranium. As a result, the nonweapon-grade
restriction in the enrichment of the U?>° isotope (< 20%) dictated that
each fuel plate contain a large quantity (approximately 53 g) of uranium.

Experimental studies at ORNL have shown that severe fabrication and
material-control problems are encountered with the use of uranium-

aluminum alloys containing such high uranium concentrations (approximately
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48 wt %).%2?2 These problems were circumvented by powder-metallurgical
dispersions of a fissile~bearing compound in aluminum. The material
compatibility problems associated with dispersions in aluminum of high
uranium density compounds, such as UOz (ref 4) and UC (ref 5), can be
minimized by the selection of U30g as the fissile dispersoid for this

6 of U30g~bearing alumi-

application. The superior corrosion resistance
num dispersions in pool-type reactor water conditions as compared to a
similar dispersion of UCz and the 48 wt % U-Al alloy also motivated the
selection. Irradiation tests have demonstrated that no significant
dimensional changes occur in U30g-~Al dispersions during exposures as
high as 7.7 x 10%C fissions/cc at a fuel plate temperature of 90°C (ref 7).
A dispersion of 65 wbt % U3Og in aluminum was therefore selected as the
material for the fuel-bearing portion of the PRNC fuel plate.

In the past, the service lifetime of pool-type reactor fuel elements

8 Modifications were made in the

has been primarily limited by corrosion.
manufacturing technology of conventional pool-type fuel elements, aimed
at extending the life of the elements to the point where performance is
limited by loss of nuclear reactivity rather than by corrosion. These

modifications were the incorporation of an improved alodizing treatment

for protection of the fuel plate surface and the selection of mechanical

°W. C. Thurber and R. J. Beaver, Development of Silicon-Modified
48 wt P U-A1l Alloys for Aluminum Plate-Type Fuel Elements, ORNL-2602
(Mar. 9, 1959).

W. C. Thurber and R. J. Beaver, Segregation in Uranium-Aluminum
Alloys and Its Effect on the Fuel Loading of Aluminum-Base Fuel Elements,
ORNL-2476 (Sept. 5, 1958).

“R. C. Waugh, The Reaction and Growth of Uranium Dioxlide-Aluminum
Fuel Plates and Compacts, ORNL-2701 (Mar. 9, 1959).

°W. C. Thurber and R. J. Beaver, Digpersion of Uranium Carbides in
Aluminum Plate-Type Research Reactor Fuel Elements, ORNL-2618 (Nov. 5, 1959).

5W. J. Kucera, Met. Div. Ann. Progr. Rept. Sept. 1, 1959, ORNL-2839,
pp 26265,

7A. E. Richt, C. F. Leitten, Jr., and R. J. Beaver, "Radiation
Performance and Induced Transformations in Aluminum-Base Fuels," pp 46988
in Regearch Reactor Fuel Element Conference, September 17—19, 1962
Gatlinburg, Tennessee, TID-7642, Book 2 (1963).

8R. J. Beaver and J. E. Cunningham, "Recent Development in Aluminum-=
Base Fuel Elements for Research Reactors,'" pp 40-51 in Fuel Element
Conference, Held at Gatlinburg, Tennessee, May 14—16, 1958, TID-7559
(Part 1) (1959).




tecﬁniques for joining the fuel elements in preference to the previously
accepted brazing method.

Two methods for mechanically joining the fuel plates into the 18-
plate array were investigated. One method used a roll-swaging technique
in which the fuel plates were securely locked into the grooves of the
side plates for forcing the guide lands immediately adjacent to each fuel
plate into the edges of the plates. Approximately 30 elements were suc-
cessfully assembled in this manner by the Atomic Power Equipment Depart-
ment of the General Electric Company, San Jose, California, on a
subcontract to ORNL., The other technique was based on jolning the fuel
plates to the side plates by a series of pins drawn through 1/16—in.-diam
holes previously drilled through the edges of the side plates and‘the in-
active sides of the fuel plates. The pins were spaced on 3-in. centers
along the length of the side plates. The selection of two markedly dif-
ferent methods affords a good opportunity for comparison of performance
of different types of mechanically joined fuel elements under reactor
operating conditions. Since the roll-swaging methods used by the
. General Electric Company were proprletary, only the pinning technique
employed by ORNL is described.

II. DETAILED DESCRIPTICN OF FUEL ELEMENT

The active core of the PRNC pool-type reactor is composed of stand-
ard fuel elements, partially loaded fuel components, and éontrol rod
assemblies. As previously mentioned, the subject of this report is
concerned only with the specifications and fabrication procedures devel-
oped for the manufacturing of the standard fuel element.

The basic segment of the standard fuel element (illustrated in
Figs. 1 and 2) consists of 18 curved composite-type fuel plates joined
to a pair of side plates by pinning or roll swaging to form an integral
assembly with a nominal water-channel spacing of 0.117 + 0,012 in. The
curved plate is a composite of a 0.024-in.-thick core section containing
65 wt % U30g dispersed in a matrix of aluminum with 0.018-in.-thick
cladding of wrought type 1100 aluminum on each side. A representative
cross section of the composite plate is shown in Fig. 3. These compos-
ites were prepared by roll bonding to promote good heat transfer across

the clad-core interface and to hermetically seal fuel and fission
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products from the water coolant. From-the design and operational data
presented in Table 1, it can be shown that each element contains approxi-
mately 1150 g of Uz0g. It should be noted in this table that the data
given for makeup of the fuel-bearing section of each composite plate are
 for information only and will depend on the fuel enrichment, the uranium

density of the compound, and the fabrication scheme.

Table 1. Pertinent Design Data for the Standard
PRNC Pool-Type Fuel Assembly

General Description

1Y

Number of plates per assembly 18
Nominal fuel plate clad-core-clad thickness, mils 18-24-18
Nominal water gap spacing, mils 117
U?3% content per assembly, g 192
Enrichment in U?35% isotope, wt % 20 (max)

Nominal fuel core composition per plate
g wt % vol %

U30g (44—149 u particle size) 64 64 37.0
Type 1100 aluminum (< 149 p size) 36 36 64.2
Operating Data at 1-Mw Thermal Output

Power density, kw/liter (av) 10
Average heat flux, Btu/hr-ft° 6.9 x 103
Bulk water outlet temperature, °F 107
Average velocity in water-gap spacing, fps 1.3
Average thermal neutron flux, neutrons/cmz—sec 5.2 x 1012
Expected reactivity lifetime, Mwd 400-500

Estimated average burnup, % total U?2° atoms 12-14

in fuel-bearing section

Estimated average fission burnup, fissions/ce 1.3 x 10%°

A detailed drawing of the standard fuel element with dimensional
requirements for this component is shown in Fig. 4. As illustrated in
the detailed assembly drawing shown in Fig. 5, a cast-aluminum fitting

was attached to the side plates at one end of the fuel-bearing segment
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by tungsten inert-arc plug welding. The purpose of the end fitting is

to adapt the unit to the supporting grid, which fixes the position of

the element in the reactor core. (A detailed drawing of the fuel element
end box is included in Appendix B along with the dimensional drawings

for the control rod fuel element.) A handle is welded to the opposite
end of the fuel element to facilitate handling of the element in the
reactor; An overall view of the assembled fuel element is shown in

Fig. 6.
ITI. GENERAL REQUIREMENTS

Satisfactory performance of the reactor and of the fuel components
during their operating life required that special precautions be taken
to ensure the following:

1. Accurate incorporation of the desired quantity of fuel into
the component was mandatory. Loading greater excess reactivity than
specified into the active core could lead potentially to a serious

nuclear incident, while an érror in the opposite direction could impair

"the reactivity lifetime of the core.

2. Uniform distribution of the fuel in the core of the composite
plate had to be achieved. Inhomogeneity of thislimportant ingredient
could lead to undesirable hot spots.

3. A continuous metallurgical bond between clad and frame material
and between clad and core-matrix material had to be obtained to (a) pro-
tect the fuel from corrosion by the coolant, (b) contain the highly
poisonous by-products of fission, and (c) promote efficient heat removal.
The nature of the resulting bond had to be free of potential blisters,
which could rupture and release fission products to the coolant.

4, Uniformity in thickness of clad and core material had to be
maintained to ensure proper corrosion protection and to achieve the
required uniform concentration of fuel over the entire area of the
actiﬁe portion of the fuel plate.

5. The composition and processing of materials had to be controlled
to minimize the presence of contaminants, which might (a) accelerate

corrosion, (b) contribute to the parasitic absorption of neutrons,
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(c) reduce mechanical integrity, (d) promote diffusion or migration of
fuel, (e) impair heat transfer, (f) promote gas release, leading to
swelling or blistering, which could restrict coolant flow and ultimately
result in cladding failure, and (g) increase the level of radioactivity
in the pool water by contaminating the fuel element surfaces with traces
of fissionable or fertile materials or other elements capable of under-
going transmutation and giving rise to high activity levels. _

6. The various steps of framing, cladding, shearing, and machining
had to be carried out and inspected in a manner to preclude the presence
of fissionable material at the clad-frame interface, as well as to ensure
that no portion of the fuel-bearing core was exposed to the coolant.

Experience in the manufacture of the first 76 fuel elements for the
PRNC reactor has demonstrated the feasibility of fabricating components
that consistently meet the product standards required.

Sufficient and proper supervisory and production control was
provided (1) to ensure that all details of the fabrication procedure
conformed at all times with the approved procedure, (2) to maintain
rigid adherence to all specification requirements, (3) to protect per-
sonnel against human intake of alpha-emitting U3;0g by inhalation or
ingestion, (4) to enforce safety measures to prevent a criticality
incident, and (5) to safeguard and account for all fissionable material
in accordance with the approved Atomic Energy Commission requirements.

Sufficient and proper records were maintained to supply complete
metallurgical history, fuel accountability, inspection, quality control,

and other pertinent data required in the fabrication of the fuel elements.
IV. DESIGN AND MATERIAL SELECTION CRITERTA

A, Basic Requirements

The design of and selection of material for the fuel element for
service in the PRNC reactor was based on the following criteria:

1. The use of nonweapon-grade fissionable uranium in which the
y23s isotopic concentration is limited to 20 at. %.

2. Cladding of the fuel-bearing material to afford corrosion

protection and to retain fission products during service lifetime.
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3. Dispersing of the fuel in a suitable diluent to maximize heat
transfer and to prevent structural damage to the material of construction
by overheating.

4. Utilization of inexpensive materials of construction and low-
cost manufacturing methods to minimize processing costs.

5. Employment of a fuel-core-to-cladding metallurgical bond and

thin plate-type constructibn to promote efficient heat removal.

B. Material Selection

In general, incorporation of the fuel in the form of a uranium-
aluminum alloy containing greater than 35 wt % U is not considered
practical because of the difficulties of obtaining plates having repro-
ducible fuel concentrations with satisfactory homogeneity and fabricabil-
ity. Therefore, the development of aluminum-base fuel elements requiring
high uranium investments centered on the selection of a uranium-bearing
compound that is chemically compatible when dispersed in aluminum and
processed at elevated temperatures. The resultant dispersion should also
have good radiation stability to prevent dimensional growth of the fuel
plates and good corrosion resistance to minimize leakage of the highly
radioactive fission products in the event of a clad failure.

1. Fissile Compound. Extensive studies at ORNL on the chemical

compatibility, corrosion resistance, and irradiation stability of several
high uranium density compounds dispersed in aluminum have shown that the
refractory compound Us0g meets these general requirements. Unlike UO;
and UC dispersed in aluminum, Us3Og is compatible with aluminum in fuel
element processing requiring temperatures as high as 600°c. 9, 10,11
Dispersions of Usz0g in aluminum exhibit better'corrosion resistance

in water at 180°F than either a dispersion of UCz in aluminum or a

)

°R. C. Waugh, The Reaction and Growth of Uranium Dioxide=-Aluminum
Fuel Plates and Compacts, ORNL-2701 (Mar. 9, 1959).

10y, . Thurber and R. J. Beaver, Dispersion of Uranium Carbides
in Aluminum Plate-Type Research Reactor Fuel Elements, ORNIL-2618
(Nov. 5, 1959).

1lMetals Handbook, &th edition, Vol 1, pp 93136, American Society
for Metals, Novelty, Ohio, 1961.
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48 wt % U-3 wt % Si—Al alloy.1? In addition, the compound U30g can be
produced in an economical manner and has a relatively high uranium content.
Dispersions of Us30g in aluminum are also relatively insensitive to radia-
tion damage at pool-type reactor temperatures as manifested by the negli-
gible volume changes noted after exposures as high as 7.7 X 1020 fissions/cc
(ref 13). The chief disadvantages of low thermal conductivity and brittle-
ness, which are characteristic of Us0g, are largely overcome by its being
dispersed in aluminum.

Although Us0Og can be prepared by a varlety of methods to yield a
product with various characteristics, a fairly dense and inert grade of
oxide with an oxygen-to-uranium ratio near stoichiometric is desirable
for use in the dispersion-type fuel elements. The product should be free
of agglomerates, platelets; rods, and clinging surface fines, which give
rise to fragmentation and stringering during processing. In addition,
particles larger in size than 44 p are desirable to minimize fission-
fragment damage to the matrix aluminum. The dead-burned U30g developed
at the Y-12 Plant of the Union Carbide Nuclear Company (UCNC) meets these
requirements; Procedures for manufacturing this type of U30g are listed
in Appendix A. The typical appearance of powder received from Y-12 is
illustrated in Fig. 7.

2. Matrix Powder. The diépersant in the fuel-bearing compacts was

-100 mesh, type 1100 aluminum.
3. Wrought Cladding and Structural Material. Wrought type 1100

aluminum was selected as the cladding and type 6061 aluminum as the
structural material for the PRNC components. These materlals are rela-
tively cheap, readily available in the desired form, and amenable to most

11 They have good corrosion

mechanical working and welding operations.
resistance in guiescent low-temperature water and adequate strength and

ductility to withstand the thermal stresses and gradients encountered in

12y. J. Kucera, Met. Div. Ann. Progr. Rept. Sept. 1, 1959, ORNL-2839
pp 26265,

13p. E. Richt, C. F. Leitten, Jr., and R. J. Beaver, "Radiation
Performance and Induced Transformations in Aluminum-Base Fuels," pp 469—88
in Research Reactor Fuel Element Conference, September 17-19, 1962,
Gatlinburg, Tennessee, TID-7642, Book 2 (1963).
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14 The alloys have excellent heat-transfer properties and

15

operation.

are not subject to serious structural damage under irradiation.

4. End Box Adapter Casting. Type 356-T6¢ aluminum was the material

selected for the end adapter. Castings prepared by either sand- or
permanent mold-casting techniques were suitable.

5. Corrosion Protective Coating. Alodine 1200, a product of the

American Chemical Paint Company, Ambler, Pennsylvania, was selected as
the protective coating for aluminum surfaces to minimize pitting and

extend the life of the pool-type fuel element.
V. GSTANDARD FUEL ELEMENT SPECIFICATIONS

A. Core Material Requirements

1. Fuel Loading

U?37 content per plate, g 10.67 + 1%
yR35 isotopic concentration, wt % 19.65 0.35%
Allowable Tolerances®
Weighing +0.05%
UT/U308 +0.25%
U?35/u_, 1imit of 0.05%

error at 95%
confidence level

Handling loss —0.19%
2. Composition of Fuel-Bearing Compact. Typical fuel and matrix

requirements per plate are as follows:
64 g of Usz0g and 36 g of type 1100 aluminum powder.
The exact welght of matrix material per plate is subject to the

considerations described in Section VI.

14R. B. Mears, "Aluminum and Aluminum Alloys," pp 4243 in The
Corrosion Handbook, ed. by H. H. Uhlig, John Wiley and Sons, Inc.,
New York, 1948.

155, H. Bush, "Aluminum and Its Alloys," pp 49899 in Reactor
Handbook, 2nd ed., Vol 1, ed. by C. R, Tipton, Jr., Interscience
Publishers, Inc., New York, 1960.

16p7110wable tolerances were established by ORNL as a result of
evaluation of the uncertainties involved in fabricating Core I.
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B. Materials Specifications

In addition to any other requirements, all materlals specified below
were certified by the seller to contain less than 10 ppm B and 80 ppm Cd.

1. U304 Powder. The U30g powder used in the PRNC fuel plates was
prepared at the Y-12 Plant at Oak Ridge, Tennessee. The procedure for
manufacturing this material is outlined in Appendix A. The oxide particle
sizes renged from 44 to 149 p (=100 +325 mesh) and were 99.9% pure. The
minimum acceptable density was 7.4 g/cmB. Enrichment of the uranium in
the U?3° isotope was 19.65 + 0.035 wt %.

2. Aluminum Powder. The aluminum powder conformed to the

Specifications for the Aluminum Company of America's Atomized Powder
No. 101.
3. Tuel Plate Frames and Cladding. The fuel plate frame and

cladding material was type 1100 aluminum, conforming to the requirements
for alloy 990A prescribed in the Tentative Specifications for Aluminum
Alloy Sheet and Plate (ASTM Designation: B 209 — 58 T).

4, Fuel Element Side Plates. The side plate material was type 6061

aluminum, conforming to the requirements for alloy GS 11A tempered to T6
condition prescribed in the Tentative Specifications for Aluminum Alloy
Sheet and Plate (ASTM Designation: B 209 — 58 T).

5. Handle and Pins. The handle and pin material was type 6061

aluminum, conforming to the requirements for alloy GS 11A prescribed in
the Tentative Specifications for Aluminum Alloy Bars, Rods, and Wire
(ASTM Designation: B 211 — 58 T).

6. End Adapter. The end adapter for the fuel assembly was type 356
aluminum, conforming to the requirements for alloy GS 70A tempered to
the T6 condition, prescribed in the Tentative Specifications for Aluminum-
Base Alloy Sand Castings (ASTM Designation: B 26 — 58 T) or Tentative.
Specification for Aluminum-Base Alloy Permanent Mold Castings (ASTM
Designation: B 108 — 58 T).

C. Dimensional Requirements

The component parts were manufactured and assembled in accordance
with the dimensional specifications set forth in the drawings listed

as follows: o
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Dwg 36200 Rev A Fuel Element End Adapter

Dwg 36187 Rev D Standard Fuel Element — Details

Dwg 36186 Rev C Standard Fuel Element — Assembly

- Dwg 36185 Rev C Control Rod Fuel Element — Details
Dwg 36184 Rev C Control Rod Fuel Element — Assembly

D. Finish Requirements

A11 machined surfaces in contact with the coolant had a finish of
at least 125 RMS except where noted on the drawings. Rolled surfaces
had a surface finish of at least 50 RMS.

VI, MANUFACTURING PROCEDURES

A. Introduction

The flow of material in processing standard fuel elements for the
PRNC is illustrated in the simplified diagram shown in Fig. 8. The
essential operations required in processing were: (1) weighing and
blending of the component powders for each individual fuel compact,
(2) pressing and coining into a compact of the required dimensions,
(3) sintering, (4) encapsulating the core within a welded billet,
(5) cladding by roll bonding, (6) descaling of the hot-rolled plate,
(7) cold rolling to specified final thickness, (8) annealing, (9) roller
leveling, (10) marking and shearing of the composites, (11) machining
to finished length and width dimensions, (12) assembly and joining,
(13) inspection of fuel element, (14) attachment of end adapters,
(15) final machining, and (16) alodizing. After final inspection, the
elements were degreased and packaged for shipment to the reactor. These
general procedures and the more specific details, which will be described
later, represent methods developed and adopted by ORNL for manufacturing
aluminum-Us0g fuel elements for service in the 5-Mw pool-type reactor at

PRNC.

B. Records
During processing, positive identification of each fuel plate was
maintained along with appropriate data in order to ensure: (1) proper

process control, (2) quallty control, (3) metallurgical history record,
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(4) removal of rejected material, and (5) fuel accountability. Records
of the following items were maintained: (l) ldentification of each lot
of U30g received from the U30g processing plant, (2) master log containing
materials makeup data and the detailed processing schedule employed i1n

the manufacturing of each plate, and (3) fuel element critical dimensionms.

C. Fuel Core Manufacture

1. Calculations. The fuel and matrix powders were specified in

terms of grams of U%?% and aluminum., Since the fuel was used in the
form of U30g, 1t was necessary to determine by calculation the quantities
of these materials which were to be incorporated into each core. Each
batch of as-~received Us30g was assayed for total uranium content as well
as for isotopic concentration of U233,

Sample calculations illustrating the method used to determine the
quantity of U3Og required in each fuel plate are listed below.

Data required:

wt % U3 in U 19.65
wt % U in U30g 84.00
g U233’ per plate 10.67

Determination of grams of Us30g per plate:

10.67 (g U?3%)

Grams of Ui30g = 8700

00 (wt % U in U30g) % 22:62 (wt % U35 1n U)

100

As might be expected, the final density or the densification factor

(measured density
theoretical density

> of the as-fabricated core material has a signifi-
cant effect on the charge of aluminum powder required to meet dimensional
specifications in the finlished composite plate. This factor was determined
to be 0.95 for the specific equipment and processing methods employed at
ORNIL.

2., Weighing of Component Powders. The component powders for each

individual compact were separately weighed and combined in a single
blending jar. Except that it does not allow for possible losses during
subsequent pressing and sintering operations, this method offered

accurate accounting of the U?3% in each fuel compact within the limits
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of the accuracy of the balance. The aluminum powder was the first
material loaded into the'blending Jar and was followed by the UsOg.
This sequence permits the aluminum powder to be handled in air in a
conventional manner, thus eliminating the inconvenience of weighing
it within a dry box as i1s required during handling of finely divided
UaOg. During processing, ten jars were handled as a unlt operation.
The weighing procedure for the individuael components was as follows:

a., Welghing of the aluminum powder. The aluminum powder

was weighed to an accuracy of at least 0.05% on a pan balance. A

4- X 4-in. sheet of glazed paper with glazed side up and of known

weight was first placed on the pan. The aluminum powder was then

added to the paper and‘accurately weighed., The material wag then

poured into a clean, wide-mouthed glass jar of 4-o0z capacity. A
camel's=hair brush was used to brush any remaining particles of aluminum
into the jar, which was then capped.

b. Weighing of Us0Og powder. Uranium oxide was weighed

in the sealed protective box shown in Fig. 9, connected to an exhaust
system to maintain a slight negative pressure. The box was designed
with sufficient capacity to hold ten jars or more. Gloves were attached
to the two front ports and access to the interior was gained through
the side port. The box was equipped with a pan balance of 100-g
capacity on which the U30g could be weighed with an accuracy of *0.05%,

The quantity of Us0g required(for one fuel compact was weighed directly
| on the scale pan of the balance using a scoopula for fine adjustment of
fuel quantity. The specified weight of fuel was added to the jar con-
taining the aluminum powder. The jar was then capped and placed on the
right or exit side of the box. '

These operations were repeated until the lot of ten jars had been
processed. The jars were decontaminated by wiping the outside with
tlssue paper and were withdrawn through the side port. After removal
from the dry box, the Joint between the cap and the jar was sealed
with masking tape. The U30g lot number was then marked on each jar and
the jar placed in a transfer box for removal to the blending area. When
the supply of U30g remaining in the dry box was insufficient to prepare

ten compacts, 1t was set agside for later use in smaller lots.
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3. Blending. In order to obtain a homogeneous mixture of fuel and
matrix material, the powders were blended in a modified U. S. Stoneware
Company Double Cone Blender, Model 733. The standard blender cones were
replaced by a pair of two-quart steel cans mounted on the motor shaft at
an angle of 30° with the vertical. Ten jars, each containing the specified
quantities of U30g and aluminum, were loaded into each can with sufficient
pradding to prevent breakage of the Jjars during blending. The powders were
blended by rotating the cans at thelr oblique angle for 3 hr.

4. Cold Pressing of the Core Ingredlients. The first step in

shaping the blended powders into a compact sultable for assembling into
a fuel plate billet was to cold press into a "green" compact. A Baldwin
press of 150-ton capacity and with a Vickers hydraulic control system
to permit variable movement of the ram was employed for compaction. The
press has two rams, a fixed upper ram extending down from the top cross-
piece and a movable lower ram. On the top of the movable lower ram was
fastened a large platen, onto which was placed the dry box containing
the die set. The die set, illustrated in Fig., 10, consisted of a die
punch, a filler block, and a female die, which was spring mounted to

the movable ram. The bottom of the die punch contacted the movable ram,
while the top of the filler block, inserted into the die cavity after
the powder, contacted the stationary ram.

Since pressing of the.blended powders again involved handling finely
divided U30g, hooding under slightly negative pressure was necessary to
prevent human intake of airborne activity by ingestion or inhalation.
Figure 10 illustrates the dry box containing the pressing dies. The top
of the box, not shown, was built with a hole in the middle which was
sealed with a rubber gasket to permit motion along the stationary ram
without excessive leakage.

Ten jars containing the blended powders, a l/4-in. camel's-hair
brush, a scoopula, and a bottle of 10 wt % cp stearic acid—90 wt % carbon
tetrachloride die lubricant were inserted into the pressing box. By
use of the glove ports, strips of lubricant for each die charge were
applied with the camel's-hair brush around the top of the die cavity and
the lower sides of the filler block. Occasionally the die face was
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lubricated when it became roughened to the extent that the pressed com-
pact adhered to it. The powder was poured from a blending jar into the
die cavity and the Jar was brushed thoroughly to ensure complete transfer.
Once the material for the compact had been loaded into the die, it was
leveled with the scoopula. The filler block was inserted into the die
and the lower ram was then raised until the stationary ram was contacted.
The blended powders were then pressed at 33-tsi pressure (approximately
142-ton total force) for 15 sec to a thickness of approximately 0.317 in.
The filler block was removed and the green compact ejected. After ten
charges had been pressed, the compacts were loaded into a stainless steel
transfer box which was then closed and removed from the dry box. The
U30g lot number was recorded.

5., $Sintering of Green Compacts. The compacts were sintered in air

in a conventional resistance-wound furnace with a maximum operating tem-
perature of 1000°C. Two layers of ten green-pressed compacts each were
placed in a shallow aluminum pan lined with a heavy gage stainless steel
screen. Also, a stainless steel screen separated the two layers. The
compacts were then sintered for 1 hr at 400°C. .

6. Inspection. To establish the U233 content, the compacts were
welghed in batches of ten before and after sintering. Batches whose
gross welghts deviated from the nominal batch weight by more than 0.5%
were placed aside for individual compact welghings. Individual compacts
which deviated by more than l.O% from the nominal weight were rejected.
Weight changes during sintering were generally negligible, but the
batches were weighed again to ascertain that the weight had not decreased
because of damage, such as chipping of a corner, which could have occur-
red during handling in the sintering operation. The thickness of each
compact was measured with a micrometer after the heat treatment. Com-
pacts whose thickness at the corners varied by more than 0.005 in. were
rejected. Obvious flaws such as cracks and chips were also cause for
rejection.

7. Core Storage. Each acceptable lot of ten compacts was wrapped

in paper, marked with a U30g lot number, and placed in a desiccator.

If a storage time of more than 48 hr was required, a vacuum desiccator
was used. Criticality control limited the number of compacts which
could be stored in a single desiccator at any one time to a maximum of 80.
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D. Billet Assembly
1. Material Preparation. As illustrated in Fig. 11, each fuel plate

billet required two cover plates and cone picture frame in addition to a
fuel compact. Cover plates were fabricated from 1/4-in.—thick aluminum
plate by cold rolling to a thickness of 0.224 * 0,002 in. and shearing to
4 1/4 x 5 % 1/16 in. Picture frames were fabricated from 5/16-in. alumi-
num plate by cold rolling to 0.302 + 0.002 in. and shearing to

4 1/4 x 5 + 1/16 in.

It was important that the aluminum plate be tested for blisters.
After cold rolling to specified thickness, the material was tested by
annealing in air for 3 hr at 600°C. Any portion that blistered was
rejected. A core hole 1,963 X 2,270 in. with 1/8-in. corner radius was
then punched from the center of the picture frame.

Immedlately prior to billet assembly, both surfaces of the picture
frame and the surfaces of the cover plates which contact the plcture
frame and core were thoroughly cleaned by scratch brushing with a power-
driven stainlesé steel brush. Attention is called to the identical
dimensions of the fuel core and the hole in the frame. The core width
and length were designed to be identical to the frame in order to obtain
an interference fit between core and frame. These were assembled by
heating the frame to 500°C, slipping the cold fuel core into the expanded
hole, and then allowing the frame to cool to roam temperature. The
0.015-in. greater thickness of the fuel core provided excess fuel mate-
rial that during subsequent roll cladding flowed into the volds that
remained after shrink fitting.

2. Welding of Billets. The cover plates were welded to the plcture-

frame plate by the inert-gas tungsten-arc method. Since the object of the
welding was to prevent possible shifting of the billet camponents during
initial hot-rolling operations, only a tack weld was required. The four
corners were left unwelded for a nominal distance of 1/2 in. to permit |
escape of entrapped alr during the initial stage of hot rolling.

Billets that were not processed immediately were stored in a vacuum
desiccator to prevent oxidation. Security, criticality, and accountabil-

1ty regulations dictated careful control during storage.
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U30g—Al COMPACT

FRAME PIECE

COVER PLATE

Fig. 11. Design of Billet Used in Roll Cladding PRNC Fuel Plates.



29

E. Composite Plate Fabrication

1. Hot Rolling. The assembled and welded billets were hot rolled
in lots of ten to a thickness of 0.064 * 0.002 in. on a two-high United
Mill equipped with 1l2-in.-diam X l4-in.-wide rolls. The billets were
heated in a furnace to 600 * 10°C for at least 60 min prior to the first
pass and were reheated for at least 5 min between passes. The billets
were rotated about their longitudinal and transverse axes between passes.
They were hot rolled in two passes at 10% reduction followed by suffi-
clent passes (approximately 8) at 30% reduction to obtain the required
thickness. The actual thickness of the hot-rolled plate was measured
with a micrometer near the end of the fabrication schedule, and the
schedule was modified as required.

Special care was exercised durlng rolling to minimize cambering or
"rainbowing" of the plates, which tended to decrease the amount of alumi-
num at the inactive edge and, if severe, could be cause for rejection.
Cambering of the fuel plate could possibly be corrected, 1f not too
.severe, by passing the pléte through the mi1ll at a slight angle. Gross
rainbowing occurring during hot rolling or durlng the initial stages of
cold rolling usually could not be corrected. A level mill and proper
feeding were maintained to circumvent this difficulty.

After cooling and prior to fluoroscopic examination, the hot-rolled
plates were lettered and numbered consecutively starting with A-1 for the
first plate processed. Letters and numbers 1/2 in. high were stamped on
the inactive section at either end near the edge of the plate. The letter
identified the U30g batch and the numbers identified the individual plates
processed from that batch.

2. Fluoroscopic Examination. After visual inspection, acceptable

plates were fluoroscoped using a 175-kvp machine to locate internal
defects, determine straightness, and delineate the fuel-bearing core
section of the composite plate. A template, 1llustrated in Fig. 12, was
used to scribe lines for shearing. The template was constructed to

locate scribe lines 1/2 in. beyond the sides of the fuel core and 2 3/4 in.
beyond the ends for either long or short plates. The template was
centered over the core before the scribe lines were made. The fuel plate

number was then restamped, with the same identifilcation previously used,
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Rough Shearing Template for PRNC Fuel Plates.
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at a location just inside the scribe line at the same end of the plate.
A good impression was made to assure retention of identification through-
out subsequent processing.

3. Annealing of Hot-Rolled Plates. Prior to cold rolling, the

plates were annealed for 1 hr at 500°C to remove stresses induced in the

last few passes of the hot-rolling process.
4. Cold Rolling. The annealed fuel plates were cold rolled to

accurately obtain the required plate thickness, using the same two-high
United Mi11l that was used for hot rolling. The hot-rolled plates were
cold reduced in thickness approximately 2% per pass to a final thickness
of 0.060 = 0.001 in. Total cold reduction in thickness was approximately
6.7%. Total overall reduction (both hot and cold) was 92.0%.

The cold-rolled plates were degreased in trichloroethylene vapor
preparatory to subsequent fabrication procedures. -

5. Annealing of Cold-Finished Plates. Annealing of the cold-worked

plate for 1 hr at 500°C was found to be desirable for obtaining reproduc-
ible flat plates in the subsequent roller-leveling operation.

6. Roller Leveling. A Stanat Roller lLeveler, Model DRI~-211, was
used to obtain a high degree of flatness in the fuel plates that were
not sufficiently flat after cold rolling. This was accomplished in two

passes. After the first pass, the plate was rotated about the longitudi-
nal and transverse axes.

7. Annealing of Roller-lLeveled Plates. Roller-leveled plates were

again degreased in trichloroethylene vapor and annealed for 1 hr at 500°C.

8. Fluoroscopic Examination and Marking. The active fuel core

within the fuel plate was located by comparing its fluoroscopic outline
to that of a template positioned over the plate. As illustrated in
Fig. 13, the template was designed to permit positioning of the fuel
section symmetrically with respect to the subsequently sheared edges and
ends of the plate and to ensure sufficient aluminum at the edges and
ends to meet the dimensional specifications. The plates were marked to
establish reference lines for shearing.

Prior to sheéring, the fuel plate number was again inscribed, this
time with a Burgess Vibrotool in letters and numbers about 1/4 in. high
af the plate end inside the scribed line,
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9. Final Shearing. The scribed long side was sheared first. Using

stops on the shear at a fixed reference, the other long side was sheared
to yield a plate width of 3 * 1/64 in. The ends of the plates were then
sheared from the scribe lines to lengths of 24 3/4 * 1/16 in. and

28 3/4 = 1/16 in. for inner and outer plates, respectively.

10. Machining. The fuel plates were machined to final width, using
the machining fixture illustrated in Fig. 14. The fixture consisted of
a rectangular frame and a movable clamp plate to securely hold the stack
of fuel plates. The top and bottom edges of the frame were ground paral-
lel. Two parallel-ground 2-in.-thick blocks were employed to support
the fixture above the milling machine table. In stacking and machining
the fuel plates, the ends of the fixture were securely fastened to the
table with step blocks and horseshoe clamps.

The fuel plates were usually machined in lots of 40 on a vertical
milling machine. Prior to machining, aluminum backup plates of l/8—in.
thickness and of the same length and width as the sheared composites
were placed on each side of the stack of plates. All plates were
referenced for machining from two parallel blocks that were placed on
the milling machine table and positioned between the two ground blocks
supporting the fixture. After aligning each plate edge with réferences
“to the parallel blocks, the open edge of the stack was machined with a
Carbaloy flycutter tool. A table speed of 2 1/4 to 3 1/8 in./min
and an arbor velocity of 545 RPM to 815 RPM, depending on the quality
of the cutting tool, were used for this operation. After rotating the
fixture 180° and reclamping to the table, the fuel plates were machined
to the required width, which was measured wlth a micrometer.

After removal from the fixture, the stack of fuel plates was
machined to the required length on the same vertical milling machine
using a 4-in.-long side-cutting mill. The lot of plates was clamped to
the table over two supporting blocks. Equal amounts of aluminum were
removed from each end of the stack. After completion of the machining
operations, the plates were degreased in a vapor degreaser and the
machined edges were lightly deburred by hand filing at a 45° angle.

Special care was taken to minimize rounding of the edges.
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11. Bligter Anneal. Prior to forming, the machined and deburred

fuel plates were blister annealed for 1 hr at 500°C. This treatment was
basically designed to determine whether blisters would appear on the
surfaces of the fuel plates when heated at 500°C and was the final test
for bonding of the composite plate or defects in the cladding. Plates
which had visible blisters were rejected.

12. Inspection. All fuel plates were fluoroscopically inspected
to ensure that the specified dimensions had been met. Final inspection
templates, shown in Figs. 15 and 16, were constructed on the go-no-go
principle. Minimum core width of 2.437 in. and maximum width of 2.500 in.,
as well as minimum and maximum inactive edge widths, were inspected with
this template. Width inspection slots were spaced 2.437 in. apart and
0.032 in. wide. The width between the outer edge of the slot and the
edge of the template was 0.212 in. Length inspection slots were spaced
to determine whether or not the core length lay within the 23-in. minimum
and 23 3/4-in. maximum specified. |

One plate representative of each production batch of ten plates
was radiographed to examine for (1) homogeneity of the U30g and
(2) existence of fuel particles in the presumably solid aluminum ends
of the fuel plate. The radidgraphic procedures were designed to obtain
maximum contrast between the Us0Og particle and the aluminum matrix.
Segregation was most frequently observed as streaks of low- or high-
density material. If a plate exhibited segregation or the appearance
of Us0g particles in the "inactive" plate ends, it was rejected and
the piates remaining in the batch were radiographed to determine their

acceptability.

F. Plate Forming

The fuel plate was formed to a 5 l/2-in.-nominal radius by pressing
at 20 tons (approximately 475 psi) at room temperature, using & metal-
to-metal die. After forming, each plate was degreased in trichloro-

ethylene vapor and thoroughly rinsed in turbulent water at 90°C.

G. Fuel Element Joining
Fuel plates were positively attached to the side plates by drawing

a pin through an assemblage of plates.  The general procedure was:
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(1) arill 1/16-in.-dlam holes through the edges of the side plates;
(2) groove the side plates; (3) assemble the fuel plates into the grooves
of the side plates; (4) using the holes in the side plates as guides,
drill through the inactive sides of the fuel plates; (5) draw pins through
the side plates and fuel plates; and (6) weld the pins to the edges of the
side plates.

1. Material Preparation

a. Side plates. The side plates were machined from
0.187 £ 0,003 in. aluminum sheet stock and were sawed to
29 x 3 1/2 + 1/16 in. in size. Each plate was deburred with a file after
sawing. A stack of twenty plates was then sandwiched between two pieces
of l/8-in.-thick aluminum sheet of approximate side-plate dimensions to
prevent distortion of the side plates during milling. The assembly was
table clamped lengthwise and was straddle milled on a horizontal milling
machine. Two 8-in.-diam staggered-tooth steel cutters rotating at
approximately 20 rpm with a 1/2 in./min feed were used to mill the stack
of plates to final width in one pass. The assembly was then transferred
to a vertical milling méchine and was machined to the proper length with
a side-cutting mill rotating at 150 rpm with a 1 in./min feed.

Prior to grooving, l/l6—in.-diam holes were drilled through the
edges of the side plates at locations shown in Fig. 4. Fach side plate
was completely deburred with a file to ensure a good grip byvthe vacuum
chuck eﬁployed during grooving. The chuck was 36 X 12 in. with vacuum
holes on 1/2—in. centers. Holes not covered by the side plate were
covered with two layers of heavy masking tape. The vacuum for the chuck
was supplied by a large industrial vacuum cleaner. The i8 grooves per
plate were cut in one pass on a horizontal milling machine. Special care
was exercised in locating the saw blades on the machine arbor to ensure
that the dimensions were correct. The cutters rotated at 60 rpm and the
feed was about 1 5/8 in./min. A heavy sulfur-base cutting oil was used
for lubrication.

Subsequent to machining and grooving, the plates were degreased
and each plate was dimensionally inspected. The "backbone'" of all of
the grooves in the side plate was determined with a micrometer or with

a thin roller attached to a dial indicator. The groove separations were

i«
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measured with a micrometer from plates inserted in the grooves or with
a disk=-type micrometer.

b. Retention piné. An important concept in the pinning tech-

nique was the design of the pin in two 4-in. sections, one 0.0615 in.

in diameter and the other 0,053 in. in diameter. This allowed easy
insertion of the 0.053-in.-diam portion through the 0.062-in.-diam holes
in the side plate edges and lnactive sides of the fuel plate. When
pulled through, the wider portion of the pin galled in position, thus
rigidly fixing itself and the fuel plates in place. The pins were
welded to the side plates. If for some unanticipated reason the welds
were to fail in service, it 1s extremely unlikely that the retention
pins would fall out of the element.

The pins were prepared from l/lf-in.-diam type 6061 aluminum
wire. The wire was sheared into 10-ft sections, filed to a point at
one end, and then drawn through an 0.0615-in.-diam die. The drawn wire
was sheared to 8-in. lengths and a 4-in. segment at one end was swaged
to 0.053 in. The swaged pins were annealed for 1 hr at 600°C and then
air cooled, straightened, and stored in 8-in.-long, l-in.-diam tubes.

2. Assembly Procedures. Figure 17 demonstrates the fuel plate-

side plate assembly jig relationships during assembly. As illustrated,
fuel plates were consecutively inserted in the side plates from the
lowermost position, with the numbered end of the fuel plate and the two-
holed end of the side plates at the open jig face. Individual fuel plate
positions within a fuel unit were recorded at assembly. Spring-loaded
end clips were fastened to the open jig face after the last fuel plate
had been inserted and the nonstationary jig side member was tightly
bolted, as shown in Fig. 18. Plate spacings were spot checked with
0.105-in.~- and 0.129-in.~diam go~no-go gages and element width was
measured along the upper side plate edges. Any measurement not within
the allowable channel spacing (0.105 to 0.129 in.) or fuel e;l.ement width
(2.986 to 2.996 in.) required a partial or complete reassembly.

Figure 19 illustrates the redrilling operation in which the
assembled fuel plates were pierced for acceptance of the retention pins.

A 1/16-in.-long shank, short-twist drill was guided through the side
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plates by the holes previously drilled through the side plates. Align-
ment of the drilled holes was maintained by the insertion of a l/lé-in.

drill rod.

a. Placement of the retention pins. The position of the assembly

jig during the placement of the retention pins is illustrated in Fig. 20.
By convention, the pins were inserted from left to right down one side of
the assembly and the sequence was repeated for the remaining side. In
placement of the pin, the drill rod was removed and the pin was Inserted
in the hole. When the pin emerges from the hole on the underside of the
assembly, it was pulled into position by steady tension on the narrow
pin section.

The hole was completely filled with heavy gage pin stock when
less than 1/2 in. of the pin protruded above the upper side plate edge.
At this point the pin was crimped approximaﬁely 1/16 in. above the side
plate and flush with the assembly jig base plate.

b. Weldlng the pins. As illustrated in Fig. 21, the upper

portion of the pin was welded while the element was firmly held in the
assembly Jjig. The pin protruded 1/16 to 1/8'in. above the side plate
edge and was fused to the side plate using a high-frequency Heliarc
welding torch and type 4043 aluminum filler material. Excess weld metal
was subsequently removed with a hand file.

The lower portion of the pin was prepared for welding by
rotating the fuel element 180° and reinserting it in the jig. To prevent
crushing of the outside fuel plate, the side plates rested on l/4-in.-
square by 30-in.-long removable rails placed at the base of the jig. The
pins were trimmed to a level 1/16 in, above the side plate and were fused
in the manner described above. Excess weld metal was removed by hand

filing.

H. Fuel Element Identification

The fuel elements were identified by a serial number preceded by a
block letter legend that indicated the fuel element type. Numerals and
letters were approximately 2 in. high and were scribed into one side

plate adjacent to the handle or upper fuel element extremity.
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I. Dimensional Inspection

The critical dimensions of a fuel assembly to be lnspected prior
to attachmenf of end fittings were the interplate spacing, the width
of the fuel element, and the vertical center height of the fuel plate
stack., An elliptical probe with a 0.136-in. major axis and a 0.095—in.
minor axis was employed in the measurement of interplate spacings. The
probe was mounted onto the end of a 0.l-in.-diam X 30-in.-long rod which
passed through a hole in a 1 X 3 X 6 in. plastic block as shown in
Fig. 22. The hole was the center of a radial scale, which indicated
the spacing (thickness) as the angularly displaced probe touched the
upper and lower surfaces of the adjacent fuel plates. The probe and
scale assembly had been calibrated by rotating the probe between gage
blocks and noting the angular displacement of the dial gage. ‘

ﬁlate spacings at the apex of each channel at locations of 3, 12,
16, and 25 5/8 in. from the lower end of an element were measured and
recorded. The nominal plate spacing was 0.117 in. and a deviation of
£10% was permitted. ‘

The element width was measured using a 2- to 3-in. micrometer.
Measurements were made at the top, center; and bottom of the side plates
at distances of 2 1/2, 7, 12, 16, 21, and 26 in. from one end. The
vertical center height of the fuel element was measured at the same
longitudinal locations using a 3- to 4—in. micrometer with a stationary

ball anvil.

J. Final Machining and Welding

1. Preliminary Machining of the End Adapter. The as-cast and

machined-end adapter dimensions are shown in Dwg D-36200, Rev A in
Appendix B. The internal bore of the end adapter was first reamed to a
2,032 + 0,032-1in.-diam cylindrical shape. The parallel sides of the end
fittings were then'straddle milled to 2.852 to 2.856 in. followed by
machining of the convex and concave surfaces to the specified size with
a 5 l/2-in.—radius flycutter. The end adapter corners were finally
trimmed to a 45° chamfer 1/4 in. deep using an end mill and variable

station checks.
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2. Welding of End Adapter to Fuel Body. The end adapter was plug
welded to the fuel body using tungsten-inert-gas (TIG) welding and
type 4043 aluminum filler metal. The end box and fuel assembly were

aligned during welding by using the fuel element side plates and the inner
cylindrical portion of the end box as references. The welding Jjig employed
allowed free rotation of the fuel element about its longitudinal axils,
permitting symmetrical welding and thus minimizing distortion. It was
general practice to first plug weld the central holes of the convex side,
then the concave side, and finally the side plates. The eight remaining
welds were.made consecutively as the element was rotated about its longi-
tudinal axis. |

3. Final Machining. Final machining on the fuel element was

restricted to finishing the end adapter to size in a lathe. The end
fitting was held by an expanding mandrel at the lathe drive, while the
opposite end of the fuel element was held by a plug that floated in a
ball-bearing center. This arrangement minimized element distortion.
The end adapter was machined to the specified dimensions and the
concurrency of fuel body and end-box center lines was monitored with a
dial gage while the whole assembly rotated about its longitudinal axis.
4.. Attachment of Handle. A three-piece array consisting of two

lugs and a handle was loosely assembled in the top of the fuel element.
The reinforcing lugs were first plug welded by the TIG process at the
areas exposed by the 3/8-in.-diam.holes in the side plates. Subsequent
fillet welds fused the side plate to the lugs. Finally, the handle was
welded to the lugs. Type 4043 aluminum filler metal was used in all

welding.

K. Alodizing Treatment

Aluminum that is not protected from quiescent water is susceptible
to pitting, which can be sufficiently severe to impailr the longevity of
a pool-type fuel element. It was, therefore, important that the cladding
surfaces be pretreated with a protective adherent coating. Such protec-
tion could be afforded by Alodine 1200. Procedures that were used at
ORNL for placement of this coatiﬁg on all surfaces of the finished fuel

element are listed as follows:
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1. Degrease fuel element in trichloroethylene vapor for 30 min.

2. Pickle at room temperature in aqueous HF-HNOs; solution for
5 min (1 part 60% HF—10 parts concentrated HNO;—100 parts H20 by volume).

3. Rinse in an erect position in turbulent hot water (near boiling)
for 3 to 5 min.

4, Clean in Ridilene Cleaning Bath at 180°F for 3
to 5 min.

5. Rinse in cold water, raising element up and down, for 5 min.

6. Rinse for 1 to 2 min in a weak solution of Alodine 1200 (50 g
of Alodine and 50 gal of H20) heated to 140°F.

7. Insert for at least 3 min in Alodine 1200 solution containing
2.85 kg of Alodine 1200 and 53 gal of HO.

8. After removal from this alodizing bath, dry in air for at
least 4 hr. ,

9. Bake at 131°F for at least 24 hr.

L. Preparation for Shipment

The alodized elements were stored in individual plastic bags to
prevent surface damage. A quantity of active silica gel was added to

each bag, which was then hermetically sealed.
VII. CONCLUSIONS

Following the basic procedures described in this report, 76 fuel
elements were successfully manufactured within the established specifi-
cations. The results obtained in manufacturing these elements demonstrate
that:

1. The fisslle compound Us0g is compatible with aluminum in the
processes required for manufacturing research reactor fuel components.

2. Powder-metallurgical procedures are amenable to manufacturing
research reactor fuel elements containing high uranium investments.

3. Research reactor fuel elements can be economically assembled
by mechanical joining within the required dimensional specifications,

thereby eliminating the need for brazing.
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4. Employing powder-metallurgical techniques where high uranium
investments are required yields fuel plates with excellent control of
fuel loading and homogeneity.

5. The procedures used in fabricating dispersion-type fuel materials

conslistently yield high~-quality fuel plates.
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Y-12 Procedure for Manufacturing "Dead-Burned" U;0g

1. Burn 12 kg of 20% enriched metal to U3Og.

2. Dissolve U30g 1n batches limited to 400 g y?3s per batch (2360 g
U30g per batch) using 1 cc of cp HNO3 per gram of oxide.

3. Filter solution through sintered glass funnel,

4, Dilute solution with demineralized water to 40 liters in a 30-gal
drum.

5. Adjust the pH of solution to 2.0.

6. In a 4-liter beaker mix 1140 cc of concentrated NH,OH and
852 cc of 30% H202. |

7. Add this mixture to the 40 liters of solution in the 30-gal
drum while agitating.

8. If the pH differs from 2, readjust with NH;OH or H202.

9, When the pH is 2, add 1 liter of H,0, while agitating.

10. Allow the batch to age for 30 min.

11, TFilter and hold filtrate in tared critically safe bottles.

12. Wash the cake with demineralized H;O, holding the wash in
critically safe bottles.

13. Calcine to U30g in platinum boats at 800°C. ,

14, Mill and screen U3Og to —80 mesh. (Care must be taken in
milling in order to produce as little material as possible of extremely
fine mesh, as in the final product all —325 mesh material will be
rejected. )

15. Fire in pit furnace for 4 hr at 1350°C, then raise the tempera-
ture to 1400°C for 2 hr. All firing is to be done in air.

16. Cool, mill, and screen to —100 +325 mesh.

17. DPackage in l/2-gal plastic bottles for shipping.
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Control Fuel Element and Fuel Element End Box Drawings
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