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SUMMARY

FUNDAMENTAL PHYSICAL METALLURGY

With the use of methods whereby the distribution
of the fiber axis with respect to the crystallo-
graphic axes is obtained, o study was made of the
fiber-texture type of preferred orientation in some
extruded aluminum rod. The axis-distribution charts
show the textures to be duplex, the <111> and
<001> being the preferred directions of the fiber
For rods extruded at both slow and fast
rates, the ratio <111>/<001> decreases from the
front to the back end of the rod and, for corre-
sponding locations is greater in the rod extruded
at the faster speed.

The -fiber-texture analysis was- applied to the
sheet-texture type of preferred orientation by simu-
lating ‘“fiber’’ axes about the rolling, normal, and
transverse directions. From the axis-distribution
charts, the ideal texture of some cold-rolled 65-35
brass was found to have the following components:
{011}<100>, {011}<211>, and {111}<121>, The
ideal texture of cold-wrolled 25 aluminum was
found to be 1123} <433>.

Experiments to purify zirconium by the "zo:‘e-
" telting'' technique have been started. The
technique should prove useful with this reactive
material because of the high purification fac'Qr
and because of the absence of contaminating
crucibles.

PHYSICAL METALLURGY OF
' REACTOR MATERIALS

"Three transformation products of the dqcombo;
sition of the beta eutectoid of the Ag-Zr system

have been identified. They are (1) a pearlitic-type

transformation product very similar to pearlite in
steels, (2) o bainitic-type transformation product
very similar to bainite in steels, and (3) a
. martensitic-type transformation product formed on
quenching by a diffusionless transformation. The
rate .of transformation of*the eutectoid at 750 and
800°C has been studied. '

The tempering of the martensitic structure of
a ‘hypoeutectoid Ag-Zr alloy has been studied at

800°C. The as-quenched hardness decreases from
300 to 235 DPH at 15 sec and at 10 min at 800°C
and to 190 DPH at 15 min-and at 24 hr at 800°C,
The changes in the microstructure are, progres-
sively, a precipitation of the intermetallic. com-
pound, AgZr,, in the matrix, the spheroidization
and growth of the precipitate, nucleation of new
unstrained alpha grains "in *he matrix, and the
consumption of the deformed matrix by the new

"grains of alpha.

An anodizing procedure has been developed for
the identification in bright-field illumination by
color of the microconstituents of the Ag-Zr alloys.

Metallurgical treatments for the recovery of

.uranium from spent stainless steel fuel elements

are being investigated. One method involves the
melting of the fuel element under a nonmetallic
material such as alkaline-earth fluorides, with
which the uranium forms a slag. Another method

" depends on the increased reactivity of the stainiess

steel with the dissolver solutions when the steel
has been heavily carburized. _

Thorium slugs sealed in aluminum cans by the
Al-Si bonding technique were found to be difficult
to dissolve in an acid solution normally suitable
for dissolving aluminum and thorium. The presence
of an intermetallic compound which developed
between the thorium gnd the AlLSi clloy in ﬁ»e
conningﬂoperation was the dissolution barribr.

Q CERAM]QS RESEARCH (’

On the premise that a selected ceramic fuel
{\Lemenf is useful in a practical high-temperature
gds-cooled reoctoﬂ power system, a de\:bcl,opment
qu testing program has been undertaken.

n SiC.Si body,(} chosen for its low oll'sorpfion
cross section, suitable physical properties, and
raw-material availability, has been developed.
Homogeneous nonporous shapes can be produced
consistently. A second phase of research is under
way to develop, with the use of this SiC-Si body,
a uniform fuel-bearing sandwich plate.
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A testing program has been-designed in order to

“obtain sufficient -information for reactor-power-

system studies.

Some physical properties have been measured,

"~ and stability under neutron bombardment has been

1+

1

~ ditions for a fuel element.

£

investigated. A gas '‘'loop’’ has been made that
simulates mechonical and thermal service con-
Fission-product re-
tention tests show that only gaseous isotopes
escape from SiC-Si at '1000°C, and the number of
. these.isotopes is reduced by a factor of at least

- .. 10=4 over unclad U02.

by

= Two reactor power systems have been designed
by ORSORT students. The first is a ‘‘package
reactor’’ and the second, a ‘‘power-breeder.”
Both indicated considerable promise for this
ceramic- fuel element and for associated concepts.

HRP METALLURGY

Metallurgical support to the HRP has continued.
Impact tests on commercial iodide and Bureau of
_Mines titanium have revealed that there is flittle,
if any, envirénmental effect on the impact proper-
uties, except under conditions allowing hydrogen
“embrittiement. Several different methods of welding
“istainless steels were evaluated, and a program
was initiated to qualify the consumable-insert

-method and set up an operator-qualification_

standard. The study of the corrosion behavio

of stainless steel welds has continued, and it has §
been found that ferrite content per se is not so
significant a factor as was previously thought. }
Corrosion testing of titanium, Zircaloy-2, and 7

stressed austenitic stainless steels has continued.

Results of recent brazing tests on tull-sized
components containing normal uranium are en-
couraging and tend to support the selection of this
method of construction.

fuel plate for brazing are described. The compound

00 55

Several problems en- ;
countered in the fabrication of a suitable composite’

-
n o o
<

u-\

Tt

ek Rl

boron carbide, ‘for instance, was found not to be
a suvitabie burnout poison for use in the preparation

-6f uranium dioxide—stainless steel -fuel plates.

Apparently, B,C dissociates in the presence of
stainless steel under the time-temperature’ con-
ditions employed in the fabrication schedule and

forms a low-melting eutectic phase. Two possible -

replacement compounds, ZrB,, and BN, are presently
undergoing rigorous time-temperature compatibility
studies to determine their stability in contact with
stainless steel.

Eighteen different brazed joints have been tested
for 1000 hr in S565°F distilled water, at 1200 psi,
in the autoclave to aid in the selection of o cor-
rosion-resistant brazing alloy. Weight-change and
posttest metallographic data obtained are given.
An evaluation study was made on the six most
promising brazing alloys on the basis of corrosion
resistance, neutron economy, flow temperature,
availability, and cost.

Arrangements have been completed to construct
and irradiate an experimental stainless steel fuel
element in the active lattice of the MTR core. The
purpose of the experiment is to obtain performance
data on certain engineering material combinations
and design features to facilitate the construction
of a highly reliable fuel component for long-time
service in the package reactor.

®00 >
oo
en
o5
LRI
80D #
> o0
©r5u00
20
bl
PR

. ~
0090 o0


harrisob
Line

harrisob
Line

harrisob
Line


FUNDAMENTAL PHYSICAL METALLURGY
L. K. Jetter

PREFERRED ORIENTATION IN EXTRUDED
ALUMINUM ROD

C. J. McHargue L. K. Jetter

With the use of methods previously described,!+?
whereby data on the distribution of the fiber axis
with respect to the crystallographic axes are
obtained, a study was made of the fiber-texture
type of preferred orientation in some extruded
aluminum rod. )

Two 0.89-in.-dia aluminum rods were extruded
from a 3.125-in.-dia ingot (extrusion ratio 12.3)
at a temperature of 450°F. One rod was extruded
at a speed of 615 fpm and the other at 0.1 fpm.
The rods were water-quenched at the die to retain,
insofar as possible, the as-extruded structure.

On 0.19-in. spherical x-ray diffraction specimens
taken from near the front end, the middle of the
length, and near the back end of each extrusion,
pole distribution data were obtained by the spec-
trometric method described previously.3+4

The pole distribution charts (R vs ¢) for the
{1113-{222} ond the 1002}-1004} planes for the
specimens taken from the rod extruded at the
faster speed are given in Fig. 1; those from the
rod extruded at the slower speed are given in
'Fig. 2. The charts were obtained by normalizing
the diffraction data {I vs ¢). It was pointed out
previously that R ‘= I(¢)/1 . and that [ can
be calculated by graphical integration of the
function I sin ¢ from ¢ = 0 to 90 deg for the
various {hkll’s.

‘The axis distribution charts (T vs ¢,[3) deduced
from these pole distributions are-given in Figs. 3
and 4. On these charts the contours indicate
angular locations of equal normalized axis density
(T). The pole distributions calculated from these
assumed axis distributions are compared with the
experimental curves in Figs. 1 and 2. The calcu-
lated curves were obtained by averaging the axis

‘L. K. Jetter, Met. Semiann,
1953, ORNL-1551, p 6.

2L. K. Jetter and C. J. McHargue, Met. Semiann.
Prog. Rep. Apr. 10, 1954, ORNL-1727, p 97.

3L._K. Jetter, ‘Met. Quar. Prog. Rep. Jan. 31, 1952,
ORNL-1267, p 21.
4] . K. Jetter and B, S. Borie, Jr., Proceedings of the

Spring Metallurgy Conference, March 24-26, 1952,
vol. 2, TID-5084 (June 1952), p 529.

Prog. Rep. Apr. 10,

density over a path through the unit triangle ¢
degrees from the pole of the plane under con-
sideration [R(¢) = T($).

The axis distribution charts show the textures
to be duplex, the <111> and the <001> being the
preferred directions of the fiber axis. The axis
density ot first falls off symmetrically from the
peaks at these locations but then asymmetrically
to form a *‘saddle’’ along the <110> zone.

The volume fraction of material associated
with each of the <111> and <001> components
was computed from the pole distribution charts
of Figs. 1 and 2. The results are summarized
in. Table 1. For both extrusions the ratio
<111>/<001> decreases from the front to the
back end of the rod and for corresponding lo-
cations is greater in the rod extruded at the faster
speed,

Associated with this
fraction of the <100> component is an increase in
the number and size of strain-free grains or sub-
grains, as shown in the photomicrographs in
Figs. 5 and 6. This change in structure is also
evident in the increased spottiness of the Debye
rings on the x-ray transmission photograms repro-
duced in Figs. 7 and 8.

It appears that this decrease inthe <111>/<001 >
in extruded aluminum rod is a result of an an-
nealing effect. The effect might be expected to be

increase in the volume

TABLE 1. VOLUME FRACTIONS OF
MATERIAL ASSOCIATED WITH THE
<111> AND <001> COMPONENTS

Extrusion Location Volume Fraction <111 >
Speed in -
- (fpm) Extrosion  <11> <001>  <001>
615 Front 0.885 0115 7.5
Middle 0.840 0.160 5.2
Back 0.490 0.510 0.95
0.1 Front 0.675 0.325 2.1
Middle 0.475 0.525 0.9
Back 0.310 0.690 0.45
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< UNCLASSIFIED
Y-13324

FRONT END {SPEC.126)

a

UNCLASSIFIED
Y-13327

BACK END (SPEC. 127)

Fig. 7. X-Ray Transmission Photograms of 0.89-
in,-dia As-Extruded Aluminum Rod. Extrusion tem-

perature, 450°F; extrusion speed, 615 fpm.

“greater from the front to the back end of the

extruded rod, as a result of increase in temper-

ature, and with decrease in extrusion speed, as a
~ result of the increase in time before the extrusion
| enters the water spray, as is observed.

:‘ REPRESENTATION OF THE SHEET-TEXTURE
) TYPE OF PREFERRED ORIENTATION

C. J. McHargue L. K. Jetter

In a previous report! a thorough appraisal was
made of methods of representing the fiber-texture
type of preferred orientation. Analysis of pre-
ferred-orientation data by the conventional pole-
figure method is difficuit, if not uncertain, es-
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Fig. 8. X-Ray Transmission Photograms of 0.89-
in.-dia As-Extruded Aluminum Rod. Extrusion tem-
peratire, 450°F; extrusion speed, 0.1 fpm.

»
pecially when the texture is complicated or not
well developed. It was shown that, when the
orientation distribution of the poles of the dif-
fracting planes with respect to the fiber axis, as
given by the pole figures or pole charts, is con-
verted into orientation distribution of the fiber
axis with respect to the crystallographic axes,
the type and degree of preferred orientation is
represented much more precisely,  This new
method of representation gives directly the most
preferred crystallographic direction of the fiber
axis for each component of the texture, the
symmetry of distribution about these preferred
directions, and the relative volumes of material
associated with the various components.
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The usual method of analysis of sheet-texture
data gives the same ambiguities. |t has been
found to be instructive, however, to dpply the
fiber-texture analysis to the sheet-texture type of
preferred orientation. Some reference axis in the
sheet is treated as a *'fiber’’ axis, and a *‘fiber"
texture is induced by rapidly rotating the x-ray
diffraction specimen about this reference axis
while the specimen is scanned through ¢, the
angle between the reference axis and the dif-
fracting plane pole. The axis distribution chart
deduced from the pole distribution charts obtained
in this way, for eoch of the three reference axes
of a sheet — the rolling, normal, and transverse
directions — gives the desired data.

With the use of this method, some samples of
cold-rolled 65-35 brass sheet and of cold-rolled
aluminum sheet were examined. Pieces of each
sample were bonded with adhesive to produce
faminates  sufficiently thick for 0.45-in.-dia
spherical diffraction specimens to be prepared.
Pole distribution data were obtained by the spec-

trometric method described previously,3+4

The pole distribution charts (R vs ¢) for the "

{1111 and 1002} planes for the brass sheet are
given in_ Fig. 9. The oxis distribution charts
(T vs ¢,B) deduced from these pole distributions
are given in Fig. 10. The pole distributions
calculated from these assumed axis distributions
are compared with the experimental curves in
Fig. 9.

The more preferred crystallographic directions
of the rolling direction are the <112> and the
<001>. The axis density falls off symmetrically
and rapidly from the peak at <112> but asym-
metrically along the <110> zone from the peak at
<001>. The more preferred directions of the
normal direction are the <0113 and the <111 >.
The most preferred direction of the transverse
direction is the <111>, although the axis density
at <011> is also high, These charts are con-
sistent with the assumption of the_following
ideal textures: {011§<100>, {011§<211>, and
{1114 <121>.  These are illustrated on the
stereographic projection in Fig. 11. The best
previous determination of the texture of cold-rolled
brass sheet revealed only the {011}<211> com-
ponent.

The pole distribution charts for the {111} and
1002} planes for the aluminum sheet are given in
Fig. 12 and the axis distribution charts in Fig. 13.
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The most preferred direction of. the rolling
direction is near <334>., The axis density falls
off symmetrically and rapidly from this peak. The
most preferred direction of the normal direction is
not located at any low index direction — it is
about 2.5 deg from <123>. The axis density falls
off asymmetrically from this peak. The most
preferred direction of the transverse direction is
<133>. The ideal texture is thus 1123}<433>
and is illustrated on the stereographic projection
in Fig. 14. The preferred crystallographic di-
rections lie 90 deg from one another, as is re-
quired for the determination to be consistent.
Also illustrated in Fig. 14 is the ideal texture
determined by previous investigators using
conventional pole-figure techniques.

It is quite evident that oxis distribution charts
provide a very satisfactory means of representing
data not only of the fiber-texture type but also of
the sheet-texture type of preferred orientation.
They give the desired information directly and
precisely, . and many features .and details not
readily discernible from the pole distribution
charts are plainly evident.

PURIFICATION OF ZIRCONIUM BY
ZONE MELTING

G. D. Kneip

Isothermal heat treatment of zirconium and the
establishment of the resulting phases present in
equilibrium in the vicinity of the hcp - bcc tran-

J. O. Betterton

sition temperature provide an extremely sensitive
method of determining the over-all impurity content’
of the material. Studies of a number of batches
of grade-1 zirconium crystal bar show a two-phase
region approximately 40°C wide (834-875°C) in
the least pure, and 20°C wide (855-875°C) in the
most pure, materials. ; ’
For the study of the binary alloy systems of
zirconium which exhibit very limited solubility of
the alloying element in zirconium or which have
eutectoid or peritectoid temperatures near the
zirconium-transition temperature, o source of metal
containing fewer impurities than grade-1 zirconium
crystal bar is highly desirable.
Because of the reactive nature of zirconium, it
appears that an investigation of the zone melting
might be particularly fruitful because of its
relatively high purification factor and because the
material need not be in contact with o contami-
nating crucible.
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to Keck, and F’olk,s the
maximum-radius rod which will support a stable
floating zone is given by

. 2a 1/2
xmax = 065< > 4
' P8

where a is the surface tension and p the density
of the material.” Although the value of the surface
tension of zirconium has not been reported in the
literature, it can be estimated from the shape of
ingots which have been arc melted and allowed
to solidify on a relatively flat surface. Thus,
considering a mass of liquid, the surface energy
must equal the potential energy, and assuming
that the mass takes the form of an oblate spheroid
as a result of the forces of surface tension and
gravity, then ' .

According Green,

Q)] aA = mgx ,
1
where ‘
a = surface tension,
A = areaq,

5P, H. Keck, M. Green, and. M. L. Polk, J. Appl
Phys. 24, 1479 (1953)

12

o ¥
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)

moss of the liquid,

gravitational constant,

distance from the center of mass to the
bottom of the spheroid.

m

oa
]

R
)

The area of the spheroid can be expressed as a
function of its major and minor axes, a and &, as

2 b2 1 + e
A = 2ma* + 7 — In ——w—n,
e 1 - ¢
where
\az—bz
e = ,
a

. [ ]
and the mass can be expressed as a function of
the density, p, ond the volume of the spheroid as
follows:

4

p — na’b

m = pV =

Thus Eq. 1 can be rewritten as

or the surface tension a is

%pga’b

a? + (b%/e) In [(V + e)/(}
8360a2h2
2a2 + (b/e) In [(1 + ¢)/(0 - e)] '

- e)]

where a and b are the major and minor axes,
respectively, of the spheroid in centimeters and
the density of zirconium has been taken to be

6.4 g/cm3.

With the 'use of this equation the value of the
surface tension has been computed for a number
of arc-cast buttons of zirconium. The values
observed show some dependence on the size of
the ingot, as shown in Fig. 15, probably because
the melts were not actually spheroids and because
the melts were mode in a depression of hemi-
spherical shape inthe, hearth. The value of the
surface tension of zirconium, extrapolated to
zero volume to eliminate ‘these effects, is found
to be 220 dynes/cm at the melting point. -

The maximum radius, then, for rods at equal

. radii, which .supports a stable floatmg zone of
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Thus for zirconium the production of stgble
floating molten zones is possible for rods approxi-
mately 3.5 mm (1/8 in.) in diameter and smaller,

If iron is assumed to be the sole impurity
affecting the zirconium a - 'S8 transition, then
from the zirconium-iron diagram,® Fig. 16, it con
be seen that an iron concentration of only 50 ppm
will produce a two-phase region nearly 20°C wide
and thot the iron content must be reduced to about

5The Reactor Handbook, vol. 3, p 567, Technical
Information Service, AEC, 1953.
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15 ppm to reduce the extent of the two-phase
region to 5°C, For thz-case of iron in zirconium
the distribution coefficient, k, the ratio of the
solute concentration in the solid to that in the
liquid, is about 0.3.

According to Lord,” the impurity concentration
after one pass, c,(a), as a function of the number
of zone lengths melted, q, is given by

c](a) =“CO[] - {1 = &) e'ka] ,
and.after successive passes
cola) = c{a)

~ (1 - B)Cy e~k

e=* (1 - ka)l,

c3(@) = cy(a)
(1 = A)C, e-’w{1 e~k (1 - ka)

k e~2k

j(l - k) 420 —ka)] b

Figure 17 shows the impurity content vs distance
. along the bar for one pass through three passes,
as calculatéd from these equations. A very few
passes of the molten zone over the zirconium bar
__ should reduce the iron content, or the content of
a similar impurity, at the point at which the molten
zone is started to such an amount as to be unde-
tectable as a two-phase region after isothermal
~ annealing,

Movement in the opposite direction occurs for
impurities such as oxygen and carbon, which raise
the melting point. Thus, in order
relotively pure material, it may be necessary to
make quite a number of passes and then crop
both ends of the ingot.

* A preliminary experiment conducted with an
available 5-mm-dia zirconium rod showed the
floating zone to be on the verge of stability, as

to obtain

"N. W. Lord, J. Metals 5, 1531 (1953).
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had been predicted. On one specimen three
passes were made successfully, During the
fourth pass, however, the rod parted gt about the
mid-position, owing to the irregularities in diameter
caused by the first three passes. Figure 18 shows
a rod after two passes of the molten zone. ’

The experimental apparatus is illustrated in
Figs. 19 and 20. Three-millimeter-diameter
zirconium rod, which should support a stable zone,
is being fabricated for further experiments.
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PHYSICAL METALLURGY OF REACTOR MATERIALS

E. J. Boyle

TRANSFORMATION KINETICS OF
ZIRCONIUM-BASE ALLOYS

M. L. Picklesimer E. E. Stansbury

Phase-diagram studies have shown the presence
transformation in the Ag-Zr
Transformation-kinetics studies of these

of a eutectoidal
system,
alloys have been initiated in an effort to determine
whether improved mechanical properties may be
derived isothermal
conium-base alloys.

eutectoid Ag-Zr of
3.5 at. % Ag have been arc-cast in a consumable-
electrode arc furnace for use in studying the
transformation kinetics of the Ag-Zr eutectoid.'
Single-melt ingots were not sufficiently homo-
geneous to provide enough material for the trans-
formation studies. One double-melted ingot ap-
peared to be homogeneous, but it cracked when it
was rolled. Transformed specimens indicated that
" the ingot was contaminated, although the con-
has

from transformation of zir-

Several ingots nominal

taminant not been revealed by chemical
analysis.

It has been necessary to use single-melt ingots
to determine some of the characteristics of the
transformation kinetics. Three types of transfor-
" mation products have been identified. These are
(1) a pearlitic-type transformation product quite
similar to pearlite in steels and having a lamellar
structure, which is nucleated in the grain bound-
aries and which grows into the grain at an approxi-
mately constant temperature; (2) a bainiticetype
transformation product nucleated in the grain
boundaries, consisting of individual alpho needles
surrounded generally by a precipitate presumed to
be AgZr,, and growing only in certain directions
governed by the original beta grdin; and (3) a
martensitic-type  transformation  product very
similar to martensite in steels, consisting of fine
needles, and formed on the quench to room temper-
ature by an apparently diffusionless transfor-
mation. The progress of the transformation to
bainite, pearlite, and alpha has been studied at
750 and 800°C. The partial TTT diagram is quite

similar to that for a hypoeutectoid steel, with the

Te. E. Stansbury ond- M. L, Picklesimer, Met. Semiann,
Prog. Rep. April 10, 1954, 0RNL-]727, pl.
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exception that the bainitic-type transformation
occurs at all temperatures at which the pearlitic
type occurs. The progress of the transformation at
800°C may be described as follows: Alpha first
forms in some of the grain boundaries, then bainite
forms, and then pearlite. All may be forming at
the same time in the early stages of transfor-
mation. In the alloys studied so far, the alpha
formation was complete at 800°C in 3 min and
occupied 2% of the volume of the specimen, the
bainite formation was complete in 5 min and
occupied 15% of the volume, and the pearlite
formation was complete in less than 60 min and
occupied the remainder of the volume. The for-
mation of alpha and bainite reached completion
before 25% of the specimen was transformed. The
progress of the transformation at 750°C was the’
same, except that it was fasier., Unfortunately,
enough homogeneous alloy was not available for
the study to be continued at that time.

The tempering of the martensitic structure at
800°C has been studied in another hypoeutectoid
ingot of nominal 3 at. % Ag. Specimens were
held for 30 min at 900°C and quenched in mercury
in the transformation equipment.’ These speci-
mens were reinserted individually into the center
lead pot of the transformation equipment at 800°C
for times varying from 15 sec to 24 hr and were
again quenched in mercury. The hardness of the
specimens decreased from the original as-quenched
hardness of 300 DPH (100-g load) to 235 DPH at
15 sec, 1 min, and 5 min and to 190 DPH at 15 min,
2 hr, and 24 hr, The changes in the microstructure
were (1) precipitation of the intermetallic com-
pound in the martensite matrix, (2) growth and
spheroidization of the precipitate, (3) nucleation
of new alpha grains in the depleted matrix, and
(4) growth of the new alpha grains into the
depleted martensite matrix until the microstructure
consisted of recrystallized ldrge-grained alpha
containing dispersed large particles of the inter-
metallic compound AgZr,. Complete recrystal-
lization of the depleted matrix at 800°C required
at least four days. Lack of sufficient material of
the same composition has prevented further study
ot other temperatures. . .

Considerable time and“effort have been expended

in developing metallographic techniques for use
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“on these alloys,
. been obtained without considerable polish relief,
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Scratch-free polishes have not

whereas polishing with fine diamond paste leaves
undesirable scratches that must be etched out.
Most polishing is stopped ofter 4-0 paper has been
used, and the surface is prepared for etching by
chemical polishing with a solution consisting of
50 ml of H,0, 20 ml of HNO,, 5 ml of HCl, and
3 mi of HF. Two etching solutions have been
developed that are satisfactory, one working better
than the other for
ditions. One consists of the chemical polishing
solution with HF replaced by 0.3 g of NH,F.HF,
and the other is the |,
ously.!

An anodizing procedure, based on the procedure
ond solution reported by Ence and Margolin,? has
been developed for the identification (in bright-
field illumination), by color, of the microcon-
stituents of the zirconium-base alloys. The so-
lution consists of 20 ml of glycerine, 35 ml of
H,0, 60 ml of alcohol, 5 ml of H;PO,, 10 ml of
Iochc acid, and 2 g of citric acid, fne composmon
not being very critical,

specimens in different con-

and K| etch reported previ-

If the etched specimens
are immersed in the solution for 1 to 4 sec (de-
pending on the surface area) at 110 v, the colors
developed in bright-field illumination are as
follows: martensite, yellow; pearlite, red; bainite,
dark red; alpha, blue to pink, depending on time;
aged martensite, brown to purple; and AgZr,, tan
to light brown. At 20 v for 2 to 10 sec, the colors
developed ‘are, primarily, different shades of the
same color, However, fine details of the micro-
structure obscured by the 110-v anodizing and not
revealed by straight etching are revealed by the
20-v treatment, Contrast in the microstructure
under polarized light is markedly increased by the
20-v treatment. The precipitate formed around the
bainite needles is revealed by the 20-v treatment
and is obscured by the 110-v treatment.

Mounted specimens have been successfully
polished electrolytically in concentrated HCI at
4 to 10 v by the following procedure. Each speci-
men is completely immersed in the solution, and
the surface to be polished is situated uppermost,
a stainless steel wiresscreen cathode being
ploaced above the specimen, The polishing is
difficult to control in that a gross unevenness of
the surface may develop; such unevenness is not

2E, Ence and H. Margolin, J. Metals 6, 346 (1954).

20

4

too serious for cursory examination at high magni-
fication but is unsatisfactory for low magnification,
The technique has been successfully used to put
zirconium-base alloys into solution for chemical
analysis without contaminating the solution with
the fluoride ion. .

The automatic feed mechanism for the con-
sumable-electrode-arc  furnace! has been com-
pleted and installed in the arc furnace, Test melts
have not, as yet, been made.

SLAGGING EXPERIMENTS ON STAINLESS
STEEL FUEL ELEMENTS

J. A, Milko )

Work has been continued on the problem of
concentrating the uranium from stainless steel fuel
elements by melting the elements under a non-
metallic. phase. Several different types of non-
metallic phases were used, as is indicated below.
In the work described, compacts of UO,
matrix of stainless steel were used to simulate
fuel elements.

An attempt was made to melt a compact in a
graphite crucible under a cover consisting of
sodium carbonate and sodium tetraborate, but the
cover boiled away before the compact melted.

When a compact was melted under a slag con-
sisting of 114 g of Ca0, 60 g of Al ,05, and 126 9
of Si0,, the uranium contents of the slag and
metal were 11.38 and 0.001%, respectively, indi-
cating that the UO, had been extracted by the slag
almost quantitatively. The cooled slag was hard"
and brittle, and to extract the uranium from it
would probably be difficult.

Compacts were melted under slags consisting
of CaO, SiOz, and CaF,, in which the molecular
ratio of CaO to Si0, was approximately 2 to 1,
in an attempt to find a material that would quanti-
tatively extract uranium from the metal phase and
that would disintegrate when it was cooled. None
of the resulting slags disintegrated when they
were cooled, and the uranium was not extracted
completely, as is shown by the data in Table 2.

A compact melted in a graphite crucible in air
under a mixture consisting of 72% CaF, and 28%
FeF, resulted in the extraction of substantially
all the wranium into the fluoride phase, the metal
analyzing 0.001% vuranium and the slag 8.57%
uranium. A test with similar. materials meited in
a partial vacuum was unsuccessful because too
much of the fluoride volatilized. Invdisagreement
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subsequent chemical recovery processes, Uranium
recovery from carburized stainless steels is being
studied by J. E. Savolainen, of the Chemical
Technology Division, who has ‘established the
feasibility of a possible recovery process.3

A technical report covering both metallurgical
and chemical studies on this process is being
written. Only o brief summary of the work will be
reported here. .

Basic steps of a possible recovery process are
listed below:

1. Carburization, to add carbon to the stainless
steel, '

2. Homogenization, to diffuse the carbon
throughout the steel so that passivity is com-
pletely destroyed,

3. Dissolution treatment with CuSO, solution,
which reacts with the active iron-nickel matrix.
{ron and nickel are taken into solution and copper
is plated out. Uranium dioxide and chromium
carbides are not affected.

4, Reaction with nitric acid to dissolve the
uranium dioxide and copper.
bides (and some iron carbides) remain as solids,
which may be stored if they are sufficiently low
in uranium,

The chromium car-

5. Treatment
solvent extraction for recovery of uranium.

The following- test is described to illustrate
techniques and as an example of the uranium
recovery that has been ohtai-2d. from a laboratory
test,

A specimen of lfuel plate (clad
with 0.005 in. of .ype wus stainless steel, with a
stainless steel core 0.020 in. thick containing
34 wt % uraniuvm dioxide) was carburized for 1 hr
at 975°C. The specimen, then containing about
1.4% carbon, was homogenized for 'll/2 “hr ot
1150°C.  For dissolution, the specimen was
treated with boiling CuSO, solution for 17‘/2 hr.
The solution was analyzed for uranium,
element, then coated with copper, was treated in
boiling 70% nitric acid for 2 hr, and the solution
was analyzed for uranium. The insoluble residuve
was dissolved in aqua regia and analyzed for
uranium,

The distribution of the uranium recovered in the
three solutions is shown in Table 4.

22

of the nitric acid solution by

The fuel .

/

TABLE 4 DISTRIBUTION OF URANIUM
RECOVERED IN THREE SOLUTIONS

Total Uranium Recovered

Solution @) -
C0804 solution 0.03
HNO4 solution 99.25
Residues in aqua regia 0.72

These results and the techniques used are not
typical of optimum procedures, but they do indicate
that very high uranium recoveries may be attained.

Further work is being done to optimize chemical
dissolution techniques and to define the degree of
carburization required. Thus far, activity tests
indicate that maximum dissolution rates are ob-
tained with about 2% carbon; other factors, how-
ever, must also be considered.

Sufficient coarburizing experiments have been
made to show that small test specimens of
type 304 stainless steel can easily be carburized
to contain up to 4% carbon. These experiments
were made in a 2-in.-dia ceramic tube furnace by
passing on atmosphere of about 18% methane in
dry hydrogen through the furnace at about ]‘/2 fpm.
Under these conditions, the relation between
carburizing time, temperature, and amount of
carbon absorbed by type 304 stainless steel
0.031 in. thick is shown in Fig. 21.

Carbon can be _uniformlv distributed throughout
the thickness of‘ el elements
by homogenizing’ n an-inerr -urmosphere for 2 hr
at 1100°C. This treatment is required in order to
allow uniform and complete reaction between the
stainless steel and the dissolving solutions. The
sensitizing treatment previously used to cause
precipitation of the chromium carbide is not
necessary,. since the carbides are formed directly
from the austenite, .

From these results it seems apparent that carbon
absorption and diffusion in stainless steel fuel
elements will not be major problems in develop-
ment of this method for recovery of uranium.

OXIDIZING OF ZIRCONIUM FUEL ELEMENTS
R. E. Adams
Metallurgical treatments are being studied in an

effort to assist in the recovery of uranium from
zirconium-type fuel elements.
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TABLE 2. RESULTS OF MELTING STAINLESS
STEEL-UO, COMPACTS UNDER SILICATE SLAGS

. substantially complete.

Slag Uranium
No. Composition (%) Content (%)
Ca0. SiO2 CoF, Metal - Slag
1 65 35 10 0.14 7.61
2 45 24 31 0.9 20.73
3 45 24 31 0.61 10.46

with the results of former experiments in which
compacts were melted under a mixture of CaF,
and FeF,, a recent melt made under a mixture of
61% CaF , and 39% FeF, yielded a metallic button
containing 0.93% uranium and o slag containing
17.7% Further experiments are being
made in an attempt to explain this discrepancy.

A compact melted under a mixture of 71% NaF
and 29% FeF, resulted in a metallic button con-
taining only 0.001% uranium and in a slag con-
taining 11.47% uranium.

A test in which a compact was melted under
pure CaF, resulted in only partial extraction of
the uranium; the metal contained 0.57% uranium
and the slag 8.5% uronium. About the same
fraction of uranium was extracted when a compact
was melted under a mixture of 84% CaF, and
16% Fe,0,, as is indicated by the resulting
uranium content of the metal being 0.68% and that
of the slag 11.14%.

uvranium,

REDUCTION OF UF, WITH ALUMINUM
J. A. Milko

A number of years ago it was found that uranium-
aluminum alloys rich in aluminum could be pro-
duced from metallic aluminum and UF, by simply
permitting the molten aluminum to reduce UF,
dissolved in molten cryolite (3NaF-AlF,). When
properly carried out, the reduction of uranium is
Because of the possible
economy of this method for making alloys for
fuel elements with enriched uranium, as compared
with bomb reduction of UF, and then alloying
with aluminum, o study is being made of the
reduction of UF, from molten fluorides to produce
vranium-aluminum alloys. A large fraction of the

-
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vranium in the salt phase can be reduced and can
enter the metal phase because the activity of the
uranium in the metal is much smaller than unity
for the alloys of interest. Work has been done
on the production of alloys containing 20% uranium,
approximately 2.8 at. %.

Four reductions of uranium from a fluoride phase
were made; the quantities of materials used are
indicated in Table 3. In carrying out each re-
duction, the fluorides were mixed; added to a
graphite crucible, together with aluminum; and
then heated to a temperature of 1150°C for 10 min.
The quantities of aluminum and UF, were such
that an alloy containing 20% uranium would result
if all the uranium was reduced, The exact amount
of recovery was somewhat uncertain, however,
because of the sampling technique used. Ad-
ditional reductions have been made in which an
improved sampling practice was used, but analyses
are not yet available,

TABLE 3. REDUCTION OF UF 4, INTO ALUMINUM

Weight Uranium Content
No. (9) (%)
UF4 Al NaoF Metal Fluorides
1 133 416 149 17.48 1.62
2 133 416 101 18.41 5.9
3 133 416 63 18.99 - 151
4 133 416- 44 19.13 1.47

CARBURIZING OF STAINLESS STEEL
FUEL ELEMENTS

R. E. Adams

Carburization of the stainless steel fuel ele-
ments proposed for the Package Power Reactor is
being examined as a method for facilitating ura-
niom recovery from the spent fuel elements.
Carburization of these elements causes ‘essentially
all the chromium to combine chemically with
carbon, This effectively removes chromium from
the austenitic matrix, so that the metal is not
passive. In this condition, stainless steel may
then react with relatively weak dissolving so-
lutions, and the uranium canbe extracted by simple
chemical methods.

The utility of the carburizing treatment for
recovery of uranium is thus intimately related to’
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Fig. 21. Effect of Time and Temperature. on
Amount of Carbon Absorbed in 0.031-in.-Thick
Type 304 Stainless Steel,

Preliminary work has indicated that it may be
possible to oxidize zirconium-type fuel elements
completely and to treat the resulting oxide powder
with nitric acid so that the uranium dioxide is
dissolved, thus leaving the zirconium dioxide as a
waste solid.

Oxidizing tests have indicated that specimens of
dummy STR fuel plates can be reduced to an oxide
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powder by heating them in air for about 6 hr, at

950°C. Extraction with nitric acid has shown that

some of the uranium is soluble. The completeness

of uranium recovery is not known, however, since

uranium analysis of the zirconium dioxide residue .
has not yet been obtained.

METALLOGRAPHIC EXAMINATION OF
ALUMINUM-SILICON-BONDED THORIUM SLUGS

R. J. Gray

A thorium slug canned in aluminum by the Al-Si
bonding technique was examined metallographically
for R. P. Wischow of the Chemical Technology
Division of ORNL.

Considerable difficulty had been encountered in
dissolving the canned slug in 13 N HNO,, 0.038 M

-NaF and 0.0025 M Hg(NO,),. Metallographic

examination of the as-canned slug revealed two
intermetallic compounds between the Al-Si alloy
and the thorium, as shown in Figs. 224 and b.
These compounds were identified by R. M. Steele
by x-ray analyses as (B-ThSi, and ThSi,. Ap-
parently, silicon diffused into the thorium and
formed the two compounds. {i can be concluded
that the diffusion was in this direction by the
presence of the dark globular-shaped ThO2 within
both the thorium and the compound layers. A
continuous fracture was also present in the
intermetallic compound, as shown in the photo-
micrographs (Fig. 22) and also by the easily parted,
smooth, bright interfaces of a semicylindrical slug
section and aluminum can shown in Fig. 23. This
fracture would have considerable effect on the
heat-transfer properties from the thorium to the
aluminum can, if thorium slugs canned by this
procedure were used in a reactor,
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Fig. 23. Semicylindrical Section of Al-Si Bonded Thorium Slug. Note

can on left and thorium on right, denoting poor bonding.
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smooth bright surface of aluminum
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made nonporous.
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CERAMICS RESEARCH

J. M. Warde
J. R. Johnson
C. E. Curtis
L. M. Doney

DEVELOPMENT OF A CERAMIC FUEL
ELEMENT AND ASSOCIATED
REACTOR CONCEPTS

Introduction

The advantage of high temperatures in reactor
power systems can be realized by use of refractory
ceramic materials. Satisfactory power plants using
gos coolants at high temperatures are an engi-
neering reality, Because of the brittle nature of
ceramics and the fact that their corrosion re-
sistance to high-temperature liquids is not any
better than that of metals in general, liquid cooling
of ceramics involving plumbing systems is not
practical at present. It was early established,
therefore, that the most compatible and practical
high-temperature system would be o gas-cooled
reactor power plant with ceramic core materials.

In the selection of materials for fuel elements
and moderator, three general criteria were applied:

1. low thermal-neutron capture cross section,
2. optimum physical properties (high thermal
conductivity, no porosity, high-temperature

strength, low expansion, high service temper-

ature, corrosion resistance to gas coolant),
3. economy (fabricability by standard methods,

availability of pure raw materials).

A study of known materials indicated that the

oxides were generally unsatisfactory because of
their pool thermal conductivities and that most
carbides, nitrides, and silicides could not be
A silicon-bonded silicon carbide
was chosen for a fuel-element material because it
more nearly met the above requirements than any
other material considered. A body of this kind has
been made for a number of years by The Carbo-
rundum Company under the trade-mark name Durhy.
This product, however, was unsatisfactory for
reactor use because of its porosity and relative
inhomogeneity. A program was undertaken to
produce a satisfactory body containing the
necessary fuel and to conduct the required tests.
For economy and safety, graphite was chosen
over beryllium oxide as the moderator material,
This choice then made necessary the use of a
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-easily controlled is

S. D. Fulkerson
‘R. L. Hamner
A. J. Taylor

G. D. White

closed-cycle inert-gas system. Nitrogen, carbon

dioxide, and helium have been considered as
coolants,

Two reactor designs in which these principles
and materials are used have been made by ORSORT
summer study groups. The first, o package reactor,
indicated that a very compact and relatively
simple power system could be built with the use
of existing equipment. The second, a power-
breeder
element and associoted concepts had a good
potential in this field also. The plant design
results in 60 Mw of electric power at 40% over-all
efficiency, and a conversion ratio of 1.0 was
obtained, with the use of the U233 cycle. Only

equipment ‘'which is now available or considered

reactor, showed that the ceramic fuel

practical'was utilized in the design.
Summary of Development and Testing

Producing a suitable SiC-Si body for reactor use
is a major development problem. In attempting to
obtain a nonporous homogeneous body, many
materials and techniques have been used. The
basic method for producing SiC-Si, invented by
The Carborundum Company, consists in impreg-
nating a porous carbon body with molten silicon.
An exothermic reaction occurs simultaneously,
generating cubic SiC.
terials and ‘techniques vyielded unsatisfactory
bodies; so a special program of development was
instigated.

The porous carbon or graphite body may be
obtained in several ways, but the method most
that of mixing powdered
graphite with a which is partially
volatile so that, in a subsequent baking step,

Previously known ma-

material

the graphite body formed from such a mix will be -

porous. The additive must also serve as a binder
for the formed graphite bodies so that they can be
readily handled, - After baking, it must leave a
residue which tends to knit the structure together,
giving the baked product suitable strength. = This
product must be strong so that it can be handled,
and it. must hold together in the impregnation
process, Of a number of materials tried, glucose
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has been found to be the most satisfactory so far,
Such binders as naphthalene, Carbowax, etc., which
volatilize completely, are unsatisfactory, Starches,
sugars, etc., on the other hand,
satisfactory in this respect, .

Another feature of the initial mix which requires
careful
homogeneous SiC-Si with a minimum of unreacted

are generally

control is the grain size, Nonporous
carbon can be produced only by using very fine
grained (~1 to 10 ) graphite particles and then
by making certain that the graphite-additive mix
is also very fine grained before forming the body
to the desired shape,

Associated with the nature of the binder and
grain size is the forming pressure., The most
satisfactory forming method conceived for producing

fuel-bearing elements of SiC-Si is dry-pressing of.

the powdered mix in a steel die. The porosity and
thus the impregnability of the body are sensitive
to the forming pressure. Many of the binders
which are otherwise satisfactory are too sensitive
to the forming pressure to be-practical.

The, baking process is the &implest and most
easnly control!ed step in the entire operation;
difficulties arlse however, from reactions of the
fued materials with water vapor and possibly other
gases which are given off as the binder volatilizes.
Thus uranium carbide readily oxidizes, and there
are indications of some oxidation of the uranium
.silicides, Also, UO may go to U 30g¢ These
reactions involve volume changes, some of which
domage the body. The most successful baking
process when the fuel materials are either the
silicides or the oxides of uranium is a 1000°C
treatment in an argon atmosphere,

Impregnation . is best carried out by using
induction heating of a graphite crucible containing
the silicon. The reaction, forming SiC from the
porous carbon body, is quite rapid if the silicon
is near its boiling temperature (1800~2000°C).
A slower, more controlled, impregnation reaction
occurs at about 1700°C. Less warpage and less
tendency to absorb excess silicon are also noted
. at lower temperatures.

Testing of the SiC.Si fuel-element material
should be carried out in the reactor under simulated
service conditions., Nevertheless, a number of
‘useful tests can be made prior to such an experi-
ment. In addition to physical-property measure-
ments, an engineering evaluation of both the fuel

element and the moderator materials is under way.

ey S
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A device has been constructed in which nitrogen
is blown over an electrically self-heated specimen
at high velocity, This test will primarily serve to
measure erosion-corrosion of the graphite. With
the use of the same electric power source, the
fuel-element - specimens are heated
destruction by thermal stress to determine the
maximum allowable heat flux.

in air to

One of the requirements-for fuel elements in a
closed-cycle reactor power system is that they
retain fission products so as not to contaminate
the power machinery. An indication of fission-
product retention can be obtained in a simple
test. A small buttgn containing
uranium in its core, simulating a fuel element, is
exposed to neutrons in order to generate fission
products, It is then heated in o sealed silica

comparative

. glass tube so that volatile fission products which

- escape at operating temperatures,

3

escape from the button are contained. One end of
the tube is immersed in liquid nitrogen ofter
cooling, and the fission products are condensed
and frozen. This end of the tube is sealed off,
and its activity is measured. This test indicates
that less than 0.01% of the xenon generated will
The activity of
other products such as iodine and tellurium is too
low to identify. There has been some evidence of
migration &f neptunium to the surface of the test
samples. )

Designs, hove been made for in-pile gas’ |oops
for:testing fuel plates containing enriched uranism.
The experience and data from the tests outlined
above will be used to modify these designs.

Over-all Program

Table 5 is a proposed 6u&ine of the steps that
must be taken before an ctuol reactor power
system can be built. Many f these steps (those
marked with an asterisk in the table) have been
under way for some time, N

Reactor Power-Plant Design S"ummury

‘The fuel element and associated concepts are
ideal for a closed-cycle power system. Two such
systems have been designed by S. T. Robinson
of Sanderscn & Porter and are described below in
the reactor power-plant studies.
were made by two_independent .groups of ORSORT
students. TheJ Ygroup was headed
by J. Gallagher, ano~vi:e—preeder Reactor group
was headed by J, Smith, =
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TABLE 5. -CERAMIC REACTOR PROGRAM

Body Development

Testing

Supporting Calculations

Reactor Calculations

*1. Selection of base *1,
composition
*2. Fuel studies *2.
*3. Improvement of
body *3.
*4,
5
6
7

Physical-property
measurements

Diffusion of fission
products

Engineering evalua-
tion

Neutron damage to

SiC-Si

. LITR-enriched-

plate test

. In-pile engineering

test

. Initial reactor ex-

periment

1. Fission-product diffusion
*g. Buildup of volatile elements
*b, Coolant activity .
c. Adsorption

2. Fuel-element thermal calcula-
tions
*a, Thermal stresses
b. Power density

3. Surface effects
*a, Erosion-corrosion
b. Temperature effects

*1.

Effect of uranium per-
centage in element on
size

2. Effect of heat flux

on size

3. Effect of coolant

*4,

*5.

activity
Criticality

Heat removal

@

6. Control

7. initial reactor experi-

ment design

*Work has been in progress

A

for some time.

Although the designs here presented are not
complete or final, they contain sufficient detailf
to indicate the usefulness of the ceramic fuel |
elements in two very different kinds ,of reactor




Elements in a
Power Breeder Reactor. — The use of SiC-Si in
fuel elements for a power breeder reactor was
studied, . The system was designed to furnish
60 Mw of electricity and have as high a conversion
ratio as possible consistent with an economically
feasible system, It was decided that the reactor
would be cooled with helium and that the helium
would be used as the working fluid in a closed-
cycle gas turbine. Helium was' chosen as the
working fluid because of its superior heat-transfer
characteristics and its very low thermal-neutron
capture cross section. -~

- A flow sheet of the system chosen is shown in
Fig. 30. The helium, at 100 psi pressure, is
heated to 1400°F in the reactor, The heated gas
is then expanded through two gas turbines, the
high-pressure turbine driving the compressor set
and the low-pressure turbine driving the generator,

E version ratio of approximately 1.0.

i

40%.
A drawing of the reactor and pressure vessel is
Jshown in Fig. 31. The reactor uses as fuel
material U233 from thorium in an SiC-Si matrix,
clad with SiC-Si. The moderator is high-density
 graphite and the blanket is ThO,. As can be
Eseen in Fig. 32, the fuel is arranged in flat plates,
f five fuel plates making a fuel assembly. There
fare 137 fuel assemblies inserted into the high-
density graphite moderator to form the core. The
L. blanket is ThO, perforated with circular coolant
f holes,
. The turbine-compressor set and the turbine-
“generator set are located above ground in the
open air., The remainder of the equipment is
located below ground level for shielding purposes.
The activity of the coolant stream is kept to such
a level that the turbines and compressors need not
be shielded. This is accomplished by bleeding off
about 1% of the working fluid from the outlet
of the compressor, sending it through a regenerator,
thence through an expansion turbine, and back

| through the regenerator to the inlet of the com-
. pressor set,

The outlet temperature of the ex-
pansion turbine is well below ~200°C - a temper-
ature low enough to condense any volatile fission

| products that may escape from the fuel element.
| This purification system causes a very small loss

(~ '4%) in station efficiency,

The reactor as designed has an initial con-
It is believed
that, by more careful design, this ratio can be
increased to the point that the reactor would be a
true breeder reactor, with the possibility of a
small over-all breeding gain.

A possible serious limitation of this reactor is
common to all heterogeneous breeder reactors — the
necessity for shutting down the system periodically
to replace spent fuel elements. The cycle time of
the reactor, as designed, was 73 days, but this
could be increased with very little difficulty to
about six months,

A cost study revealed that electricity at the
bus bars would cost approximately 7.9 mills/kwh.
This estimate was based on conservative esti-
mates of chemical-processing and equipment costs.

Development and Fabrication of Fuel Plates

General. — The efforts of the Ceramics Loboratory
have been directed, first, toward developing &

Y =3 Pu
{4 £41.499
~o- ~ o R
~ oo ~ oA
~ 73 - 8] [ o) S ~ -
- -] 2 © 0 o 0 o Qo
[ ] L X ] e Qo Qo o ovo o0

‘PERIOD ENDING OCTOBER 10, 1954

The over-all station efficiency is approximately
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Fig. 25. Power Plant Flowsheet (Temperatures and Pressures at Maximum Monthly Output).

tight ond strong 5i-SiC body and, second, toward
fabricating fuel elements, with the Si-SiC body
being used as a base material. .

Body Development. — In the search for an
optimum base composition, it was necessary that

different grades of carbon and graphite be studied

with respect to forming characteristics, reactivity,
and structure of the finished Si-SiC product.

Since there was no known technique for cold-
forming a porous carbon or graphite structure with
sufficient strength for processing, studies were
made of various organic binders which could be
either completely volatilized after the base
structure was formed or partially volatilized,
leaving a carbon residue.

Binder Materials. — Volatile binders — naphtha-

30

lene, Carbowax, and cetyl alcohol — were added
in amounts up to 20 wt %. The base structures in
which these binders were used were very strong
in the ‘‘green’’ state; they became fragile, how-
ever, after the binders were volatilized, and they
disintegrated during the siliconizing process.

The semivolatile binders included terphenyls,
nitrocellulose, Bakelite, organic flours, and
sugars, The nitrocellulose-bonded
failed during the volatilization operation. The
structures  exfoliated during the siliconizing
process when they were bonded with terphenyls or
Bakelite. Wood flours proved to be poor binders
in the green state. Wheat flour was satisfactory
as a binder when it was added
(50%); however, inconsistent

structures

in sufficient
results

quantity
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Fig. 26. Section of Fuel Element for Closed-
Cycle Gas Turbine Plant.

were obtained when the structures were siliconized.

The sugars have proved to be highly satisfactory
binder materials. Added in the form of dextrin,
glUcose, or the commercial product Karo, such
additives make for a strong piece in the green
state, the strength increasing as the volatile
materials are driven off. In addition, the structure
of the finished Si-SiC and the reproducibility of
results obtained with the sugar-type binders were

far superior to those obtained with the other

binder materials.

Carbon and Graphite, — Composition studies
were made in which carbon and graphite available
in the laboratory were used.

Norblack, an insulating grade of carbon, was
satisfactorily reactive, but, due to its grainy
nature, was harder to form and made a rather weak
green body. In addition, carbon particles visible

to the naked eye were disfributed throughout the .

siliconized body.
The graphites were much more satisfactory with
respect to formability, green strength, and structure

_ of the finished piece.

Selection of Base Composition. — In order to
determine an optimum composition for the base
material, an extensive experiment was conducted
to select the type of graphite and the type and
quantity of sugar which, combined, would make

1%5-in. GRAPHITE HOLE
/ DIAMETER
1.130-in.
[\_T\ /T 1,120—in_q R
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the best and most reproducible structure,

Bodies of the Acheson and Dixon grudes of
graphite were prepared with the use of glucose
and Karo syrup as binders in quantities varying
from 18 to 48 wt % sugar content, The following -
observations were made:

1. The green strength decreased with decreasing
sugar content,

2. Residual carbon in the finished piece
decreased with decreasing sugar content. This is
illustrated by a and b, Fig. 33.

3. For a specific grade of graphite, glucose
produced a finer grained structure than did dextrin -
or Karo.

4. With the use of glucose as a binder, the
fimer grained Dixon graphite produced a finer

. grained structure with residual carbon than did

the Acheson grade; this is noted in comparing a
and ¢, Fig. 33.

5. For a given composition, the use of a finer
mix resulted in a finer grain structure and less
residual carbon in the finished piece. This is
evidenced by 4 and ¢, Fig. 33.

As a result of this experiment the composition
T-91-A, which contains 38% sugar and 62% Dixon
graphite, was selected for a basic material (q,
Fig. 33).

Deuelopment of Fuel Body. —~ In ordef that the
core of ‘‘meat’’ of the sandwich-type fuel plate be
compatible with the shell or ‘‘bread,'” the core
was composed of shell composition plus U, UC,,
uo,, UO,andUSn .

The metal and fhe carbide were oxidized as the
volatile materials from the binder were driven off,
and the subsequent volume change disrupted the
piece. - :

With UO,, U,0,, and USi,, the fuel plates
usually split or exploded during the siliconizing
process. This is understandable with the oxides,
because of the evolution of oxygen or carbon
dioxide at impregnation temperatures, which
amounts to approximately 800 cc of gas per fuel
plate (calculated).

The silicide has produced similar results; the
reason for this has not been determined although it

‘is possible that impurities such as sulfur intro-

duced during the process of materials preparation
may be at fault.

The present approach to this problem is either
to introduce the uranium as a more pure silicide or
to introduce the uranium as the oxide and carburize

.
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Fig. 28. Top Elevation of Reactor and Machinery Cell.

it in place before impregnation. In addition,
efforts are being made to ensure against disruption
due to differential shrinkages, between the core
and the shell,, which could breck the bonds
between the two or prevent their bonding as the
volatile materials are driven off. '

Fabrication, — Preparation of Raw Materials, -
The preparation of raw materials was accomplished
as follows:

1. The raw materials, graphite plus glucose,
are wet-mixed to form a stiff dough.

2. The dough is dried in an oven at 140°C,
leaving o hard mass of graphite and sugor.

3. The hard. dough is ground in a hammer mill
and 'screened through a 325 mesh sieve. Most of
the particles fall in the range of 5 to 10 p.

©
o
@c r> 3

The fuel material is prepared in the same manner,
the fuel being wet-mixed with the base composition.

Forming of Plates. — The forming of the initial
structure is illustrated in Fig. 34.

Processing of Green Plates. — After the body is
formed, the volatile materials are driven off by

baking the specimen in an argon atmosphere at

1000°C. This leaves a strong wood-like structure
of graphite particles bonded by the coke from the
sugar; this structure can be readily handled without
being damaged. .
Siliconizing. — The plate is placed on a graphite
ladle and lowered into o graphite crucible con-
taining molten silicon at approximately 1800°C.
An exothermic reaction is evidenced by an increase
in specimen temperature to approximately 2300°C.
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Fig. 29. Full-Size Model of Four Moderator Blocks and One Fuel-Unit Assembly Made of High-Density

Graphite.

When it is evident thot the reaction has subsided,
the specimen is withdrawn from the crucible and
cooled in air. .

Finishing. — Since the piece is coated with
some excess silicon and silica- as it emerges
from the crucible into the air, the rough surface
must be ground so that the finished plate will be
within the prescribed tolerances,

Inspection. — The plate is x-rayed standing on
edge and resting on the flat side. The radiograph
indicates unreacted portions, placement of the
vranium, cracks, or any leakages of the uranium
phase that might have occurred during the sili-
conizing operation,

Principal  Problems Encountered in Fabri-
cation, — (1) Effect of pressure. — The pressure

kY

N
PR

. short range from 50 to 300 psi.

°
a

©

o

L3 B
©
Y-

used in the cold-forming operation has been
observed to be one of the major variables throughout
the process. Both the initial and finished pieces
are markedly affected by pressures in the relatively
At the lower
pressures the green strength is decreased; shrinkage
during the bokeout is decreased; the reaction rate
with the silicon increases; the number and size of
silicon pockets are increased. As the pressure is
increased in the cold-forming operation, the
reaction rate is slowed; the amount of residual
carbon increases until a point is reached at which
only a skin reaction takes place, leaving a porous
carbon core. The effect of increasing the pressure
is illustrated by b and 4, Fig. 33.

Since the compressibility of any body composition
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Reactor.

Cross Section of Power Breeder

is different from that of any other, it was necessary
to determine an optimum pressure for every body
composition investigated. The upper limit for
most compositioris was approximately 100 psi.

The bodies in which sugar was used as a binder
have proved to be less sensitive to pressure than
any other compositions, These bodies were
impregnated at forming pressures up to 300 psi,
and reproducible results were obtained; the upper
limit for pressure has not yet been determined.

(2) Effect of temperature. — Although the silicon
becomes molten at approximately 1420°C, reaction
with the carbon structure has not been observed to
take place below 1700°C. At this temperature the
surface tension of the silicon appears to remain
very high, and the reaction is slow to start. As
the temperature is increased, the rate of reaction
increases, but the specimen is more proné to warp
during impregnation. The degree of warpage,
however, is not attributed entirely to increasing
temperatures. Because of the relatively small
size of the present setup for impregnation, plates
can only be immersed endwise, which enhances
the chance for warpage. A larger setup is being
designed which will allow a plate to be immersed
in any position. For the composition selected,
temperatures in the range 1700 to 1800°C have

PERIOD ENDING OCTOBER 10, 1954

been the most satisfactory.

(3) Sweating. — Excess silicon is taken inte
the structure during the impregnation operation
and sweats out as the specimen cools. Attempts
are being made to improve the impregnation
technique so that only the amount of silicon
required for complete reaction enters the structure,
thus preventing or minimizing the sweating
problem.

Status of Fuel-Element Fabrication, — The first
phase of the fuel-element program is considered
to be satisfactorily complete; that is, a strong,
tight, fine-grained $i-SiC body has been developed
which should serve as a very good base material
for the proposed fuel element.

There still remains considerable work to be
done in completing the second phase, that of
reproducibly fabricating fuel plates.  This is
believed to be partly a matter of improving tech-
nique, but it is expected that a major effort will
be involved in developing a satisfactory fuel mix,

The Testing Program

Physical Properties, — Some physical-property
measurements have been made on the Si-SiC
bodies and are given below in cgs units except as
noted. (Thermal conductivity was calculated from
a comparative thermal diffusivity test with alumi-
num; a direct measurement, 100 to 1000°C, js
under way. The T-91-A body was described in
the preceding section, ‘‘Selection of Base Compo-
sition,”") ‘

Density 3.0 T-91-A body

Specific heat 0.293 T-91-A body
(see Fig. 35) (400-1000°C)

Thermol conductivity 0.4 (100°C) T-91-A body

Tensile strength, psi ~ 10,000 Wheat-flour body
4.2x10°8
(0-10007C)

Expansion per °C

T-91-A body

In addition, oxidation resistance was noted to

be excellent. A microscopic film of silicon

dioxide forms on the surface and acts as a barrier

to further oxidation. This test was conducted at
1000°C for two weeks. The weight gain of a
15-g sample with a 4-in.? surface was 0.08%.
Bench Loop Test. — A circulating-gas loop with
provision for electric self-heating of the fuel
elemerits or graphite plates has been made,
Figure 36 shows this test apparatus., A plate-type
test specimen is on the table in the foreground.
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Fig.33. Si-SiC Bodies; Black Phase, Graphite; Gray Phase, Cubic SiC; White Phase, Silicon. (a) 62%
Dixon graphite—~38% sugar; 300 psi; (b) 52% Dixon graphite—48% sugar; 300 psi; (c) 62% Acheson graph-
ite—~38% sugar; 300 psi; (d) 52% Dixon graphite—48% sugar; 70 psi; fineness of grind, over 50% less than
20 p; (e} 52% Dixon graphite—48% sugar; 70 psi; fineness of grind, over 50% between 20 and 44, 250X.
Reduced 31.5%.
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Fig. 34. Cross Section lllustrating the Cold-Forming of Initial Fuel-Plate Structure.
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Fig. 35. Heat Content, SiC-Si; Specific Heat,
0.293.(400 to 1000°C).

Only preliminary studies have been made, Gas
velocities of 200 fps can be attained. A 12-kw
low-voltage power source is available to the
equipment, Two SiC-Si plates, 3 x 1 x ]/8 in., have
been heated in static air, with 700 and 1200 w/in.?
being driven from them at failure. The 700-w
plate had an obvious defect. The 1200-w plate
was representative of the better specimens,
Failure occurred only after repeated heating and
cooling at this load,

A 1000-hr erosion-corrosion test with high-
density graphite plates as samples is the next
experiment,

Neutron-Damage Test, — A neutron-radiation
experiment carried out by M. Wittels, of the Solid
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State Division, revealed the following:

Exposure, fast 1.09 x 1020

nevtrons

X-ray lattice Si, no change

Measurements

ﬁ-SiC-ao expanded 0.76 £0.10%
~100

Temperature of
exposure, C

Wittels believes that the lattice expansion will
approach a maximum at less than 1.25%. Since
most ceramics self-heal or anneal out such damage
when heated to temperatures in the range 600 to
1000°C, it is not expected that radiation damage
will be a problem inasmuch as the operating
temperatures for the SiC-Si fuel element will be
in this range. The irradiated sample above has
been recharged into the LITR for further bom-
bardment; when it is removed, it will be examined
to determine the onneal,ing temperature range.
Fission-Product Diffusion Test. . The relative
ability of materials to retain fission products is
being measured with the use of a simple heating-
collecting system, It is recognized that these

" results are not necessarily indicative of retention

ability in a fuel-bearing material which has under-
gone considerable burnup; however, they serve to
screen materials and indicate their probable
usefulness as fuel-element materials. In addition
to the SiC-Si specimens, several other cermets
have been examined. Stainless steel and some
oxide compacts will be tested in the future.

A schematic view of the test is shown in Fig. 37.
The specimen is irradiated for seven days in a
flux of 5 x 10'! neutrons/cm?/sec. It is then
sealed in a silica glass container (Fig. 38) and
heated for 24 hr at a selected temperature. On
removal from the furnace, the stem end of the
container is immersed in liquid nitrogen for 5 hr,
after which the stem is sealed off from the con-
tainer and removed for radiochemical analysis.
The equipment for this process is shown in
Fig. 39. Activities are measured and isotopes
are identified with the use of an ionization chamber,
a scintillation counter, and a gamma spectrometer,

The activities of the specimens are compared

with the activities of standard samples which

enclosed only
wool so that

contain the same amount of UO
in an aluminum silicate “gloss?'
gaseous or volatile fission products can escape
with little or no hinderance during furnace heating.
It is evident from Table 6 that the volatile fission

'
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Fig. 37. Fission-Product Diffusion Test.

products are retained in the UO, grains at
irradiation temperatures, The stondard for the

SiC-Si specimens (G-224-1) contains 22.4 mg of

uo,, and the standard for the other cermets con-
tains 3.3 mg of UO,. ’

The isotopes which are pure beta emitters and
those having very short half lives would not be
detected in this experiment; Xe133,6 133,132,131
Te'32, and Mo%9 were found. Small amounts of
other activities were found when the container
tube of a standard sample was washed. It was
alsodiscovered that neptunium apparently migrated
to the surface of the specimens. Some was also
found in the ‘‘glass’’ wool surrounding the speci-
mens. The neptunium was found to be on the
surface of the specimens immediately after
irradiation, before heating. [t must be pointed
out that the specimens were probably self-heated
(100-300°C) during reactor exposure. Neptunium
was not found in the sealed-off tubes. Tables 6,
7, and 8 show the results of a number of tests,

The data presented in Tables 6, 7, and-8
indicate that, in all probability, only gaseous or
volatile fission products will be of concern. The
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TABLE 6. TABULATED RESULTS FOR STANDARD COMPACTS

. Number of Atoms Diffused Theoretical Total Number Etfici .
SCom!mcf Mea-su.red Acnvnyd Through at Time of . of Atoms at Time of C ”fhcrencsy of Estimated
pecimen Isotope AC?IVI/'Y' . Cor/rec.tfe Removal from Furnace Removal from Furnace? ° ech;g ystem ACTNCY
No. (photons/min) (d/min) (N] % ]010) (No % l0]0) (%) (%)
1
633-3% Xe 133 3 x 108 9 x 108 11.00 17.72 62 30
133 2x 108 22x 108 - 1.15 1.72 68 30
Te 132 3 x 10% 3 x 108 2.68 8.85 30 30
1132 7 x 108 7x 108 2.62 _ 2.2 18 30
131 3 x 108 3.75 x 108 7.02 15.2 46 30
Mo?? 3x 108 3.3 x 104 2.68
Activity Efficiency
Ratio to UO2 Ratio Ratio
633-3% , Change
62241°  Xe'¥ 3 x 107 10 6.8 1.47 91 50
1133/ 25x 107 .5 6.8 1.69 15 50
Tel32 1.7 x 167 5.7 6.8 0.838 25 50
1132 3x 107 ‘4.3 6.8 0.633 75 50
13 2x 107 67 6.8 : 0.985 45 50
Mo®? 1.5 x 107 5.0 6.8 0.736

%Calculated by use of data from LRL-153, Theoretical Study of Fission Product Gaseous Activity from a Homogeneous Reactor, by J. R. Donaldson

(June 1954).

bDetailed radiochemical analysis of 87% of the activity dissolved from tube in dilute nitric acid given in Table 7.

€Calculated from data and not from LRL-153.

dAcﬁvify ratio to G33-3
UO2 ratio

X % efficiency of G33-3 = efficiency of G224-1

®Rough calibration, absolute error probably less than 50%.

/Some Ru‘o3 may contribute.

8Some Xel33m,'|35

may contribute gammas.
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Fig. 38. Glass-Envelope Assembly,

- TABLE 7. RADIOCHEMICAL ANALYSIS OF
G33-3 NITRIC ACID WASH FROM TUBE*

‘and

" temperature oxide, developed from the U03.

Component Counts/min/ml | creentage
of Gross

Gross gamma 7.7 x 104
Tellurium gamma 2.9 x 104 38
lodine gamma 2.0 x 104 26
Molybdenum gamma 6.3 x 103 8
Rare-earth gamma 810 1
Barium gamma 186 0.2
Zirconium gamma 100 0.1
Gross beta 7130
Rare-earth beta 113 1.6

Strontium beta 45, 0.6

*Determination made after approximately one week of de-
cay from time of removal from furnace or ten days from time
of removal from irradiation.
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observed reduction of these fission products is
sufficient to make some of the cermets interesting
for fuel-element applications. In a reactor,
further reduction can probably be obtained by
continuously bleeding-off a portion of the coolant
gas and passing it through an expansion turbine,
where it is cooled to about —115°C., The cooled
gas, going next through a coil immersed in liquid
nitrogen, will lose its volatile fission products by

condensation and freezing.

More detailed studies in progress, A
continuation of the neptunium study is intended.

are

PROCESS FOR OBTAINING LARGE-GRAINED VO,

For a number of applications, particularly for
fabrication of stainless steel fuel elements, uo,
in grain sizes from 50 to 120 yx is required, Fusion
sintering are not acceptable methods for
producing lorge-grained UO,; fusion is wasteful
of material, and sintering tends to produce
agglomerates which are not so strong as desired.

A process has been developed which yields
large-grained UO, and has no complicated or
wasteful feotures. Large-grained anhydrous UO,
was heated in a hydrogen atmosphere to about
1500°C. Large crystals of UO,, the stable high-
The
UO, can be made in large crystals by actoclaving
at 250°C fine-grained material which contains
a trace of nitrate. In all probability 1200°C
heating will be adequate. A detailed investigation
is under way,

[

THORIUM OXIDE

Two thorium oxide rods clad with aluminum were
irradioted in the LITR (~2 x 1029 nvt) for 120
days. One of the rods was I/2 in., in diameter by
4.5 in. long and consisted of pure ThO, (86% of
theoretical density); the other was 1.1 in. in
diameter by 4.5 in. long and consisted of ThO,
plus ‘/ wt % CaO (96% of fheoretlcaldensny)
After the exposure the ends of the aluminum
cladding were removed, and it was seen that the
color of the ThO, had changed to a dark chocolate
brown. No ...racks were observed in the rods, and
they appear io be mechanically sound. The
aluminum cladding showed no significant dimen-
sional changes, which indicates that the ThO,
is dimensionally stablé* under the above exposure
conditions. “
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t TABLE 8. TABULATED RESULTS FOR CERMET COMPACTS

Ratio of Diffused

Compact Temperature of Type of Activity Activity to Activity Uranium
Specimen 24-hr Heating Detected as Products of G33-3 Standard, Compact Compound Remarks
No. °cQ) of Diffusion Fission-Product C9mpos:hon in Compact

Retention Factor

A33-5 1000 W87 in all A samples 2.4x107! 8% Al,0,-72% Cr UO, 3.3mg  W'87 contamination in all A
-7 1000 (forming impurity) 1.5 x 1073 28%-A|203_72% Cr U0, 3.3 mg specimens due to grinding-
ond constituted 4 media contamination in
-3 900 majority of activity; 2x10 28% AI2O3—72% Cr U02' 3.3 mg specimen preparation
-4 ‘900 Xe and | present 4x1074 28% Al 0,-72% Cr U0, 3.3.mg
-1 800 Not identified 4x1073 28% A1,0,-72% Cr U0, 3.3 mg
-2 800 Not identified . 8x1073 28% A1,0,-72% Cr  UO,, 3.3 mg
B33-2. 1000 Xe, Te, | 3.3x 1072 80% ZrC-20% Fe UO, 3.3 mg  UO, distributed throughout
-5 1000 ‘Xe, Te, | 1.5 x 102 80% ZrC—20% Fe uo,, 3.3 mg specimens
.’ . C33-3 1000 Xe, Te, | 1x10°! 80% TiC-20% Ni uo,, 3.3 mg uo, distributed throughout
-6 ~ 1000 Xe, Te, | 6x 1072 80% TiC—20% Ni U0, 3.3 mg specimens
o, D33-7 1000 - Xe, Te, | 2x1073 80% MgO—20% Ni UO,, 3.3 mg
oo -9 1660 Xe, Te, | 3x 1073 80% MgO-20% Ni UO,, 3.3 mg
» -1 <900 Not identified 4x107° 80% MgO-20% Ni  UO,, 3.3 mg
; ‘ o 2 7 %00 Not identified 9x 1075 80% MgO-20% Ni  UO,, 3.3 mg
;.4 -3 800 Broken specimen 80% Mg0—-20% Ni uo,, 3.3 mg
[N . - .
* -4 800 Not identified 2x 1073 80% MgO—20% Ni UO,, 3.3 mg
‘./
o 198 - :
W E224-1 900 Xe, Te, I, trace Au 7x1074 SiC-Si USiy, 26.5 mg ~ Stringer of USiy to surface of
~N o -2 900. Xe, Te, I 9 x 1074 SiC-Si USig 26.5mg  SPecimensi therefore surface
- . -4 of specimens contaminated
. -3 900 No elements could be: 2x10 SiC-Si U0,, 22.4 mg . .
with urenium

identified -

140dIY SSIY00¥d A9dNTIVLIW




Sy

- rge-- b= { ]
‘ uucusswmog
PHOTO 22452

. LEAD-BRICK
HOUSING

WIRE-WOUND
FURNACE

DEWAR FLASK

COUNTER
h (BETA, GAMMA)

',E&_ﬁ*%‘ N
COUNTER
3 (ALPHA BETA,GAMMA)

|
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PHOSPHATE COATING

Further work progressed on a fluoride-resistant
phosphate coating for mild steel, Phosphate-
coated mild steel will ultimately be substituted
for nickel-coated steel vessels now in use in the
gaseous diffusion process,

Preliminary tests of two coatings, P-6 and P-8
(Table 9), applied to mild steel have been per-
formed in UF _ at 250°C, Coating P-6 was resistant
to the fluoride; however, P-8 was badly attacked.
The thermal expansion of coating P-6 was too low
for good adherence to the metal to be obtained.
In order to increase the thermal expansion of the
coating, modifications of P-6 were made. Compo-
sition P-19 is the best coating thus far produced.
ft has not yet been tested for fluoride resistance.

CERAMIC ASPECTS OF WASTE DISPOSAL

The safe disposal of high-level radioactive
wastes is of basic importance to future reactor
operations, and studies by the Ceramics Group
include examination of the possibility of under-
ground fixation of dangerous isotopes in ceramic
masses, utilizing the heat present in the radio-
active wastes to effect partial fusion, and the
evaluation of natural impermeable barriers- to the
passage of waste solutions.,

Effect of Various Solutions on the
Permeability of Clays

A series of experiments was performed in order
to obtain preliminary date concerning the effect of
various solutions on the permeability of various
clays and combinations of clays.

Ordinary 500-ml graduates (ten
divisions on the graduate are equivalent to 1Y in.
inlength or 50 ml in vélume), and all measurements

were used

will be reported in divisions of the graduate.
Tap Water. — Clay was tamped into the bottom of
the graduate and was then covered with three

divisions of =200 mesh bentonite,
r

At the end of .

six days, the clay underneath thé bentonite' was
damp. This experiment was repeated with ten
divisions of granular bentonite (No. 90, American
Colloid Co.). The bentonite swelled and separated,
but the bottom clay has remained dry over a period
of several weeks. This is not unusual, since
bentonite sandwiches have been used for sealing
lagoons containing fresh water.

Simulated W-8 Solution, ~ Ten divisions of dry
clay, followed by four divisions of bentonite,
followed, in turn, by three divisions of dry clay
were ploced in the column. Simulated W-8 so-
lution, which is strongly basic, rapidly permeated
the bentonite layer and went into the clay under-
neath, This solution destroys, to a considerable
extent, the coherence of the bentonite gel. With
such solutions, bentonite would not be a satis-
factory sealing material.

Hope Solution. — For the test with Hope solution
the column was packed as follows: nine divisions
of dry clay, six divisions of bentonite, and a layer
of clay placed on top. The graduate was then
filled with the solution. The bentonite swelled
to about 15 divisions, It moved up the tube as a
small amount of the solution went through the
bentonite and reacted with the calcite, which is
in the clay, forming CO,,.

Summary. — Bentonite sandwiches would not be
suitable for sealing pits containing either W-8 or
the acid Hope solution.

Permeability of Cluys as Affected by W.8

Solution from the Lagoon

In these experiments 1000-ml
used, They were fitted with a stopcock and a
tube at the bottom, as shown in Fig. 40, and were
packed with various clays and combinations of
clays, They were filled with radicactive waste
from the lagoon, the stopcock was opened, and the
solution was allowed to flow into beckers. All
measurements were made in terms. of divisions on

graduates were

TABLE 9. COATING COMPOSITIONS IN WEIGHT PERCENTAGES OF OXIDES

Coating P05 AlLO, BaO BeO Sr0 Zn0 Sb,04 Li,0 No,0
P-6 70 15 10 5 2
P-8 57.9 7.9 26.3 2.6 3.6 1.7
P-19 73 10 6 2 5 2 2
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. Fig. 40. Graduate (1000 ml) Used in Testing

Permeability of Clays.

the graduates (ten divisions equal 7]/2 in. or
100 ml); —8 +50 mesh crushed insulating brick
was used in the bottom of the graduates,

results of the tests are as follows:

- packed damp were used.
permeated the clay.

2. The column was packed the same as for
test 1. W-8 solution (from the lagoon) rapidly

permeated the clay.

7 3. Thirteen divisions of insulating brick, five

UNCLASSIFIED
PHOTO 22455

" 1. Thirteen divisions of insulating brick and
- 16 divisions of finely ground Conasauga top soil
Tap water rapidly

The
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divisions of Conasauga clay, six divisjons
of No. 90 coarse bentonite, and five divisions of
Conasauga clay were used. The solution pene-
trated the bentonite within one day.

4. Thirteen divisions of insulating brick, six
divisions of Conasaugo clay, and ten divisions
of mixed 75% Conasauga clay and 25% bentonite
started to leak at the end of 48 hr. This mixture
was better than the bentonite alone but was not
satisfactory,

5. Thirteen divisions of insulating brick, six
divisions of Conasauga clay, ten divisions of
air-floated Gleason ball clay (H. C. Spinks: Clay
Co., Inc., Paris, Tennessee) did not leak even
after ten days and evidently makes a good seal.
This clay costs $17.50 per ton, f.o.b. Paris,
Tennessee; consequently, this experiment will be
repeated, and the shredded Gleason clay, which
costs $7.50 per ton, will be used.

6. Thirteen divisions of insulating brick, six
divisions of Cordova, Alabama, fire clay (16 mesh)
was examined three days after the W-8 solution
had been poured in, and the solution had permeated
the clay.

7. Thirteen divisions of insulating brick, six
divisions of Conasauga clay, ten divisions of
mixed 50% Gleason clay and 50% Conasauga clay
had leaked, within three doys but not so rapidly
as had No. 6.

Conclusions, — To date, the only clay found to
be impermeable to the waste solution is the air-
floated Gleason ball clay.

Gels Made from Hope Solution and
Natural Carbonate Minerals

At the start of this investigation, gels were
formed by adding either finely ground Knox
dolomite or Chickamauge limestone to Hope so-
fution and by stirring the mixture frequently.
The gel is evidently aluminum hydrate. Ordinary
500-mi graduates were used. The graduate was
packed with ten divisions of dry Conasauga clay,
seven divisions of bentonite, and four divisions
of dry cloy. The .gel was formed by frequent
stirring of 142 g of Knox dolomite and 500 ml of

"Hope solution, The gel was strongly acid but

contained unreacted dolomite. The gel was poured
into the graduate and did not wet the top clay.
Two inches of the gel was removed from the top
of the graduate, and the graduate was filled with
water,  The bentonite ‘swelled and separated,
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leaving a gap, and the clay underneath remained
dry. A similar column was arranged by using
finely ground Chickamauga limestone, and it
behaved in the same manner as the graduote con-
taining the Knox dolomite gel.

Conclusions. — The above tests indicate that
the gel will be inactive when it is poured into a
pit which has a dry clay bottom. Consequently, a
more thorough study of the jelling characteristics
of carbonates and Hope solution was indicated.

Gel Formation, — Agricultural limestone (dolomite)
was obtained from Mascot, Tennessee. As
‘received, practically all of it would pass +20
mesh. The following proportions were used:

No Mascot-20 Mesh Hope
) Dolomite (g) Solution (ml)
T 65 250
70 250
3 75 250

These were mixed, with frequent stirring by
hand, and none’ of them formed a gel readily. The
sample was' then passed through a hammer mill,
which reduced it to about —50 mesh. The mixtures

. were stirred by hand, as before, and the following

results were obtained: No. 1, gel formed in 6 hr;
No. 2, soft gel was formed in 6 hr; No. 3, gel was
not formed in § hr, These results showed that the
speed of gel formation is increased by grinding
the dolomite.

A further series of experiments was made in
which a Hamilton Beach mixer was used for
stirring. With 60 g -of the -20 mesh Mascot
dolomite and 250 ml of Hope solution, a gel was
formed in 80 min. The same dolomite, after being
-passed through a hammer mill, which reduced it
to about -50 mesh, formed a gel in 50 min.
Another series of experiments gave the following
results:

Mascot -20 Mesh Hope Time of Gel

Dolomite (g) Solution (ml) "Formation
50 250 No gel, 3 hr
55 ] 250 Gel, 2 hr
60 _ 250 Gel, 50 min
65 250 Gel, 50 min

N

It was then considered that 60 g of Mascot
~20 mesh dolomite with 250 ml of Hope solution
would make a satisfactory gel. This is equivalent
to 2 |b of dolomite per gallon of Hope solution.

48

The test was repeated, and —20 mesh Chicka-
mauga limestone screenings from the quarry near
X-10 were used. Limestone screenings, too fine for
use in construction, are available in large quanti-
ties, and it would be inexpensive to screen this
material through —20 mesh.

The results of the test were as follows:

Time of Gel

Formation

Chickamauga ~-20 Mesh

Limestone (g)

Hope
Solution (ml)

50 250 No gel, 60 min
55 250 Soft gel, 60 min
60 250 - Soft gel, 50 min

Other results indicate that the limestone forms a
gel more readily than the dolomite. ‘However, with
250 ml of Hope solution and either 60 g of the
—20 mesh Mascot dolomite or 60 g of the —20 mesh
Chickamauga limestone, a satisfactory gel can be
formed in about 1 hr, providing that there is rapid,
thorough mixing. This proportion is equivalent to
2 |b of either of the carbonate minerals to 1 gal of
Hope solution., Calculations show that, to form a
satisfactory gel, it is not necessary to add enough
of the carbonate to react with all the aluminum
nitrate.

Fixation of Radioactive Isotopes in Gels

tt was thought that -it should be possible to form
a ceramic body by (1) making a gel with limestone
and Hope solution with the simultaneous addition
of local clays or silica, (2) dehydrating the gel,
and (3) sintering the resulting mixture. Chemical
analyses were made of the Chickamauga limestone
and the Conasauga surface clay, with the following

results:
Chickamauga Limestone -
Component Per Cent

Acid (insoluble, largely Sioz) 8.21
R,04 .23
CaO 46.10
MgO ) 3.03
Ignition loss 39.40

97.97

Conasauga Clay
(Composite sample from 12 ft of drill hole)

Component Per Cent
SiO2 65.1
A|203 14.6
o
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Component ] Per Cent
Fe203 5.69
Ca0 2.50
MgO 1.23
Na,0 ' 0.23
K,0 3.50
Ignition loss 6.63.

99.48

The following compositions were made:
Silica
Chickamauga

Hope Conasauga (Potter's
~20 Mesh

No. . Solution Clay - Flint,
Limestone (ml) (g) 99+ 5i02)
(9) (9)
1 - 60 - 250 50
2 60 250 100
3 60 250 50 50

In all cases the gels were formed in less than
1 hr. The calculated chemical analyses of these
mixtures (ignited) are as follows:

‘Sioz R,0,4 Ca0 + MgO0 Alkalies

No.
° (%) (%) (%) (%)
1 36.7 30.6 "30.9 1.8
47.1 27.9 22.5 2.5
3 57.6 20.5 20.7 1.2

The proportions of materials used for each
gallon of Hope solution are given below:

. Chickamauga Conasauga Clay Silica
Now  |imestone (Ib) (Ib) (Ib)
1 2 1.67
2 3.3 )
2 1.67 167

The mixtures were partially dehydrated in‘a
dryer, but dehydration was not complete — gummy
masses remained. These were placed on a hot
plate, and copious fumes of NO, were evolved.
They were then fired at 1700°F for about 3 hr, and
additional NO, was given off. Pieces of the
fired. bodies were placed in water; the water
surrounding No. 1 was highly basic, that sur-
rounding No. 3 was moderately basic, and that

ean iy
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surrounding No. 2 was only slightly basic. These
basicities resulted because the lime had not
completely reacted with the other materials
present, The most complete reaction was obtained
with No. 2. All the bodies will be fired at a
series of higher temperatures. .

It should be noted that the gels melted as soon
as they were heated, which indicates that, if such
gels are placed in a pit and they become warm,
a liner may be needed.

After the conditions for making a satisfactory
ceramic body from the gels with various additions
have been determined, radicactive Hope solution
will be used, and leaching tests will be carried
out to determine whether the radiocactive isotopes
can be fixed in such a composition.

Retention of NG, lon by Gels

With the knowledge that NO, ion has been found
in the vicinity of some of the present pits, the
following experiments have been carried out to
determine whether the gels retain NO_~. Five-
hundred-milliliter graduates, with openings at the
bottom and at the 50-, 100-, and 150-ml graduations
(Fig. 41), were used in these experiments,

Experiment 1, — Conasauga clay was packed in
the bottom of the cylinder to just above the 150-mil
graduation. A gel was made with 60 g of the
—~20 mesh Chickamauga limestone and 250 ml of
the Hope solution, and the gel was poured into
the cylinder. Water was admitted through the
bottom opening to thoroughly saturate the clay.

At the end of five days the following qualitative.
results of tests for NO,~ were obtained with the
use of diphenylamine indicator:

Opening Indication of N03_
150 m! Strong
100 ml Moderate
50 ml Weak
Bottom Trace

. These results indicate that there was little
migration of NO,~ under static conditions, The
cork from the bottom opening was removed, and
water was poured into the graduate, After nine
days the following observations were made:

Opening Indication of NO,~
150 ml Strong
100 m! -Strong
50 ml Weak
Bottom Trace
M,
6'{ o
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Fig. 41. )
Retention of NO; lon by Gels.

Graduate (500 ml) Used in Testing

Some migration of NOs‘ had occurred, but it was

not marked,

Experiment 2, — Another graduate was used, and
eight divisions of bentonite No. 90 were placed
between the Conasauga clay and the gel. The
bottom clay was saturated, as before, and after
five days the following observations were made:

Opening Indication of N03-
150 m! Trace
100 ml Barren
50 m! Barren
' Bottom Barren

50

5 oo

Water was added to the graduate, as in experi-
ment 1, and ofter nine days the following obser-
vations were made:

Opening Indication of N03_
150 mi Moderate
100 mi Weak
50 ml Trace
Bottom Barren

Conclusion. — A bentonite layer is fairly effective
in reducing migration of NO,~.

Diffusion of Radioactive Strontium from Gels

Experiment 1. — Radioactive strontium was
added to the Hope solution in sufficient quantity
to give 15,000 counts/min/ml. This solution was
used to make the gel, which contained 154 g of
Chickamauga limestone to 500 ml of Hope solution,
The graduate was packed to the top of the 150-ml

" opening with Conasauga clay; '/2 in. of bentonite

was placed on the clay and was, in turn, covered
with a thin layer of the clay. The gel was poured
into the graduate, and water was admitted through
the bottom opening to saturate the clay. Small
quantities of the clay were removed through the
openings, and counts were made. This method is
not precise because of the difference in the size
of the samples. The results, however, are
comborctive.

Counts per Minute

Opening
After 9 Days After 13 Days After 18 Days
150 ml 42 319 1050
100 ml 27 . 55 624
50 mi 24 12 745
Bottom 8 . 12 -270

. The nine-day counting was done under static
conditions. Water was poured on top of the gel
at the end of nine days, and the bottom cork was
removed., The gel had about 13,000 counts/min,
and the water surrounding the gel 80 counts/min
for a volume equal to that of the samples removed
through the bottom. openings. It is quite evident
that fission products pass through the ‘bentonite
sandwich,

Experiment 2. — A graduate was packed in a
manner similar to that used in experiment 1, except

~ that the bentonite layer was omitted. The results

oy
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were as follows:

Counts per Minute

Opening
After 5 Days After 9 Days
150 ml 647 1250
100 ml 41 1028
50 ml- 120 552
Bottom Background 76

The five-day counting was done under static
conditions. Water was poured on top of the gel
at the end of five daoys, and the bottom was left
open,

The bentonite layer is of some assistance in

retarding the passage of radiocactive strontium.
" Experiment 3. — A graduate similar to the two
used previously was packed, After five days the
bottom cldy was damp but was not impregnated
with water. Water was then allowed to flow into
the bottom of the cylinder for one day, and the
stoppers were replaced.
were obtained:

The following results

Counts per Minute

Opening
After 5 Days After 6 Days After 41 Days
150 ml 66 682 1446
100 ml Background Background 704
50 ml  Background  Background 313
Bottom 24 6 290
-Results, — The results of these experiments

show that the radioactive strontium will diffuse
from the gel into wet clay underneath. This
indicates that, if gel were placed in a pit below

PERIOD ENDING OCTOBER 10, 1954

ground water, the radioactive isotopes would
diffuse into the wet clay.

Investigation of Porous Ceramics as
Isotope Sorbers

An investigation was carried out with porous
fired-clay slugs which are capable of removing,
through absorption and selective absorption, a
considerable amount of radioactive particles and
jons from waste liquors. A preliminary investi-
gation suggests that the effect of cataphoresis in
attracting radioactive ions into the clay slugs is
somewhat erratic and does not change the order of
removal from that accomplished by mere soaking,
under the conditions investigated. Acid liquors
do not give up the radicactivity to the slugs nearly
so efficiently as do basic liquors, The removal
of radioactive isotopes from basic waste liquors is
selective in that the concentration of such radio-
isotopes in the enveloping liquid is materially
reduced. The clay slugs are capable of being
glazed and rendered virtually unleachable. Porosity
of the slug is more important than the type of
clay. Almost any type of clay is effective.

. Diamond Drilling

Four cored holes have been drilled 200 ft deep
in an area 400 x 400 ft lying between Haw Ridge

“and Copper Ridge; this area is under consideration

as a test-pit site, From drill records, it appears
that the weathered zone extends to 14 ft from the
surface; below this zone is a fractured zone to
65 ft from the surface. At greater depth, the core
strata appeocr to be relatively impervious.
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. HRP METALLURGY
E. C. Miller

PHYSICAL METALLURGY OF TITANIUM AND
OF ZIRCONIUM ALLOYS

‘W. J. Fretague
Commercial Titanium

Impact tests have been completed on specimens
machined from an unalloyed-titanium corrosion speci-
men holder (RC-70, heat 3102, REED item 11),
Table 10 presents the loop history of the specimen
holder. '

In addition to the tabulated exposures, the holder
was cathodically defilmed frequently in inhibited
5% sulfuric acid at room temperature.

Sufficient material of similar analysis (RC-70,
heat 3102, REED item 11) in the as-received con-
dition was available for 12 multiple-break impact
specimens.

The impact data plotted in Fig. 42 indicate that
the combination of loop exposure and cathodic de-
filming has drastically embrittled the material,

raising the transition temperature from approxi-
mately 100 to above 200°C. This result is con-
trary to previous experience; attempts to embrittle
unalloyed titanium both by cathedic treatmient! in
H,SO, and by loop exposure to simulated HRP
environments? have, in the past, been unsuccess-
ful. The cathodic-defilming procedure may have
introduced hydrogen into the metal and thus pro-
duced the observed embrittlement. :
Additional impact tests have been performed on
unalloyed titanjum 75A, heat L782, REED item.24.
These specimens were exposed to the loop environ-
ment described in Table 11, in the as-swaged-and-
machined condition, in an effort to study the effect
of cold-working on the rate of hydrogen adsorption

Yw, 4. Fretague, A. R. Olsen, R. G. Berggren, and
J. J. Woodhouse, Met. Semiann. Prog. Rep. Oct. 10,
1953, ORNL-1625, p 9-10 and Fig. 5.

2w, 3. Fretague, Met. Quar. Prog. Rep. Oct. 31, 1952,
ORNL-1437, p 41.

TABLE 10. HISTORY OF UNALLOYED-TITANIUM CORROSION SPECIMEN HOLDER

Solution
HRP Loop Uranium Concentration Temperature Time
Run No. as U0,50, Additio.s (0 () 7
o {9 of U per liter)
1.3 40 0.042 M H,S0, 250 1036
200-psi
0-psi O2 .
F-20 300 200-psi O, 250 117
D-1 300 50 ppm Tc 250 101
200-psi O,
D.2 300 200-psi O, 250 100
H.15* 1.0 M HCI 85 4
1.4 M H,50,
0.2 M H,0,
Alkyl pyridine inhibitor
200-psi He
H-16 25 200-psi O, 250 200
H-17 25 200-psi O, 2250 400
1958~
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Fig. 42. Impact Energy vs Testing Temperature for Titanium (RC-70), Reed ltem 11, Heat 3102,

by titanium, as measured by the impact behavior.
The impact data obtained from these specimens are
plotted in Fig. 43. A comparison of these results
with those obtained for as-swaged' and for swaged-
and-vacuum-annealed unalloyed titanium® does not
reveal any effect on the impact properties that
could be attributed to the treatment given to the
specimens (prior to exposure) or to the corrosive
environment in which they were exposed. ”

Four multiple-break impact specimens of un-
alloyed titanium (Ti-75A, heat L782, REED item 24)
in the vacuum-annealed condition were impact-
tested after exposure to the loop environment de-
scribed in Table 12. The impact data obtained are
plotted in Fig. 44, No significant difference in
the impact behavior of these specimens as com-
pared with that of similar specimens, exposed under

3

similar conditions,” was observed.

Samples from the pressurizer section of an all-
titanium loop that failed in service were analyzed
for hydrogen by the vacuum-fusion method at
Battelle Memorial Institute and at ORNL. The
results are presented in Table 13, with a notation
as to the location from which the sample was

o.b,foined.
lodide-Titanium

Impact tests have been completed on a series of
four iodide-titanium specimens that were exposed
to simulated HRP environments
corrosion loop under the conditions outlined in
Table 14, The impact data obtained are presented
in Fig. 45, together with data previously obtained

in a dynamic-

3w, 0. Fretague, A. R. Olsen, and R. G. Berggren,
Met. Semiann. Prog. Rep. April 10, 1953, ORNL-1551,
p 13-15 ond Fig. 12.
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TABLE 11. LOOP HISTORY OF AS-SWAGED-AND-MACHINED UNALLOYED-TITANIUM IMPAéT SPECIMENS

Solution

- HRP Loop Uranium Concentration Temperature . _ Time
Run No. as U02$O4 Additions (°C) (hr)
(g of U per liter)

A-67 15 0.006 M H,s0, 310-320 977
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ORNL-LR-DWG-6457

140
120 |
SPECIMENS IN THE AS-SWAGED AND MACHINED
CONDITION WERE EXPOSED TO LOOP ENVIRONMENT
DESCRIBED IN TABLE 11 AND WERE IMPACT TESTED
: v | AFTER EXPOSURE
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: Fig. 43. Impact Energy vs Testing Temperature for Ti-75A, Reed 1tem 24, Heaot 1782,
. . . - r .
for vacuum-onnealed iodide-titanium. Exposure to on unexposed vacuum-annealed Bureau of Mines
_-..  the corrosive environment under the test conditions titanium? does not reveal any effect of the corro-
outlined had little or no effect on the impact be- sive environment on the impact properties of the
havior «of the material tested. exposed samples under the test conditions.
Bureau of Mines Titanium Zirconium Alloys
- Impact specimens exposed to the HRP loop en- Zircaloy-2 rod (‘}8 in. in diameter) was cold-
) vironment described in Table 15 were impact- swaged to 0.217 in. in diameter, sandblasted,
tested. The resultant data are presented in Table 4W. J. Fretague and J. O. Betterton, HRP Quar.
16. A comparison of these data with impact data Prog. Rep. July 31, 1953, ORNL-1605, p 121.
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TABLE 12. LOOP HISTORY OF VACUUM-ANNEALED UNALLOYED-TITANIUM IMPACT SPECIMENS

PERIOD ENDING OCTOBER 10, 1954 °

s

Solution
HRP Loop Uranium Concentration Temp:""”"“? . Time
Run No. as U0,S0,, Additions o (hr)
(g of U per liter)
G-11 300 (1.34 M) 0.3 M H,50, 300 150
1000 ppm O,
UNCLASSIFIED
ORNL-LR-DWG 6458
140 .
¢
120 . o
SPECIMENS WERE VAGUUM ANNEALED AT 500°C FOR thr o
AND FURNACE COOLED PRIOR TO MACHINING TO FINAL DIMENSIONS
AND THEN VACUUM ANNEALED AT 600°C FOR f{hr
100 —————— AND FURNACE COOLED PRIOR TO EXPOSURE TO LOOP
ENVIRONMENTS DESCRIBED IN TABLE 2
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Fig. 44. Impact Energy vs Testing Temperature for Ti-75A, Reed ltem 24, Heat L782.

pickled and vacuum-annealed at 750°C for 2 hr,
and furnace-cooled. Impact specimens were ma-
chined from this annealed rod and tested over the
temperature range from —197°C (liquid nitrogen)
to +300°C. The impact data obtained are pre-
sented in Fig. 46. These data serve as a base
line for comparison with similar specimens ex-

03
e
®0 ;500

posed to HRP loop environments prior to impact

" testing.

Tensile tests have been performed at room temper-
ature and at 600°F on specimens cut from 5/16'
in.-thick welded Zircaloy-2 plate fabricated by
Newport News Shipbuilding & Drydock Co. The
results of these tests are listed in Table 17.
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TABLE 13. HYDROGEN IN UNALLOYED TITANIUM FROM RUPTURED PRESSURIZER TUBE

Laboratory Performing Analysis

Battelle Memorial Institute

Oadk Ridge National Laboratory

: Hydrogen Hydrogen
Scm:le Location content Sam:le Location content.
code ) (wt %) code - (wt %)

N 1633 Assreceived 0.0109 N 1640 As-received 0.01
) material 0.0113 material
N 1635 Ruptured section 0.0083 N 1639 Ruptured section 0.0086
of pipe 0.0089, of pipe
N 1636 Section adjacent 0.0061 N 1638 Section adjacent 0.0048*
to fracture 0.0061 to fracture
Section away 0.0064

N 1641

from fracture

*This sample was smaller in size (0.7 g) than the other samples (1.2 to 1.9 g), and this probably accounts for the

difference between results obtained by the two laboratories.

WELDING OF STAINLESS STEELS
W. J. Leonard.

Evaluation of the Preplaced Consumable-Insert
Heliarc Welding Technique for Root Pass

Weld penetration and soundness requirements
stipulated by the HRE and HRP Welding Specifi-
cations, when the manual inert-gas-shielded non-
consumable-electrode welding process is used, re-
quire a great deal of operator training and qualifi-
cation time. Even after hoving received such
training, a qualified welder has difficulty in con-
sistently meeting the quality requirements for the
root pass. Therefore the process 'used by Electric
Boat Div.® was evaluated for use in pipe welding.
Type 347 stainless steel preplaced root wire,
machined to the proper dimensions, was obtained.
Type 347 stainless steel piping, sizes 3 to 8 in.
in diometer and with wall thicknesses of schedules
20 and 40, was machined to proper weld-groove
dimensions and assembled for welding.

The chemical compositions of the two heats of
root wire were balanced so as to give 6 and 8%

ferrite, respectively. The base metal was fully
austenitic. Wall thicknesses varied from 0.200 to

57. A. Risch and A. E. Dohna, Welding J. (NY) 33,
670 (1954).

56

0.322 in. Root passes made by this method were
satisfactory and well within the HRP specification
requirements. They required less operator skill
than do existing welding methods, and there was
no apparerit difference in welding time. Improved
weld quality resulted-but was obtained at a some-
what higher cost because of the added expense of
preplaced wire and initial machining. '

A program is now under way to qualify this com~
plete procedure and to set up an operator-qualifica-
tion standard.

Welding Development on 1.in. Carbon-Steel Plates
Clad with Type 347 Stainless Steel s

The pressure vessel in the HRT design is to be
a spherical outer container of 4-in. carbon-steel
plate, clad with type 347 stainless steel on the
interior, with an internal diameter of approximately
5 ft. The design is such that the final girth weld
must be made from the outside only, rather than by
the more common back-chipping method, which
allows welding from both sides. Where the welding
must be done from the carbon-steel side only, one
suggested procedure is to fill the root and groove
with stainless steel weld metal to a point above
the interface between the carbon steel and stain-
less steel, follow this with an intermediate layer-
of a few passes of a material such as ingot iron,
low-carbon steel, type 308L stinless steel, or

N
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TABLE 14. LOOP HISTORY OF IOleE-TlTANIUM IMPACT SPECIMENS

Solution
HRP Loop Uranium Concentration : Temperature Time
Run No. as UO,S0, Additions (°C) (hr)
(g of U per liter) :
A-67 15 0.006 M H2$O4 310-320 977
UNCLASSIFIED
ORNL—LR --DWG 6459
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Fig. 45. Impact Energy vs Testing Temperature for Arc-Melted, Swaged and Yacuum-Annealed lodide-
Titanium. Specimens |-4-1, 1-5-1, 1-7-2, and 1-8-2 were exposed, prior to impact testing, under the con-
ditions listed in Table 14. All other specimens were tested in the vacuum-annealed and machined
condition. : ' '
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TABLE 15. LOOP HISTORY OF BUREAU OF MINES IMPACT SPECIMENS

Solution
HRP Loop Uranium Concentration Temperature Time
Run Ne. as UO,S0, Additions (°c) (hr)
(g of U per liter) )
G-9 300 50-psi O, 300 427
at room temperature
TABLE 16. IMPACT ENERGY vs TESTING TEMPERATURE DATA FOR BUREAU OF MINES
TITANIUM SPECIMENS EXPOSED IN HRP LOOP RUN G-9
(Scale used, 0-200 in.-lb)
Specimen Break Temperature Impact Energy :
No. No. ©c) (in.-lb) Remarks
B2-1 1 27 125 Threaded end*
2 27 148 Did not break
3 -197 182 50% fracture
B2.2 1 27 100 Threaded end*
) 2 27 144 50% fracture
3 -197 178 50% fracture
B3-1 1 27 100 Threaded end*
2 27 133 60% fracture
3 ~197 142 75% fracture
B3-2 1 27 Broken by hand**
2 27 128 60% fracture
3 -197 156 60% fracture

*The ends of the specimens were threaded to enable them to be held in the specimen fixture in the loop; the

threads extended below the point of impact of the striking hammer of the lmpocf tester; and the deformation of the

threads on impact gives rise to some error in the readings.

**Specimen was too short to be broken by the impact tester.

TABLE 17. RESULTS OF TENSILE TESTS ON ZIRCALOY-2 WELDED PLATE

Sooc Tost Yield Strength, Tonsilas " El . Reduction
pecimen esting 0.2% Offset ensile 'freng ongation in Area
No. Temperature . - (psi) (%)
(psi) (%).
ZW 33-1 Room temperature 55,000 55,000 0 0
ZW 33-2 600°F 28,600 37,000 20 63.4
e
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ORNL—LR-DWG 6460
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. Fig. 46.

Impacf-Teshng Behavior of Zircaloy-2 (/ -in. Rod Swaged to 0.217-in.-dia Rod, Sand Blasted

Puckled Yacuum Annealed at 750°C for 2 hr, and Furnuce Cooled).

type 310 stainless steel, and complete the weld
with  low-hydrogen mineral-coated carbon-steel
electrodes.

To evaluate several variations of this proposed
welding sequence, a 1-in.-thick plate of ASTM A201
grade A carbon steel, with a 20% cladding of type
347 stainless steel, was obtained. The root face
and groove were prepared by machining test speci-
mens to accommodate the preplaced wire used in
the Electric Boat Heliarc welding method.. Previous
work and qualification on this method of Heliarc
welding indicated the desirability of using this
method rather ‘than manual Heliarc welding in con-
formance with HRP welding specifications, to obtain
closer control of root penetration and weld sound-
ness. .

Six welds of this type were made in these speci-
mens (Fig. 47), by using the Heliarc welding method
described, with type 347 preplaced wire. Amperage

was varied from 140 maximum to 90 minimum, for
different weld metal passes; travel speed of the
electrode was varied from 1 to 4/2 in./min. These
manipulations allowed control of the heat input per
pass, thus regulating the resulting penetration and
dilution. At each amperage level used, a heat in-
put over a certain critical value resulted in crack-
ing of the root pass. At a 140-.amp welding current,
a minimum welding speed of 4 in./min must be
maintained to secure a sound root pass. At 90 amp
a speed of 1 in./min or greater resulted in sound
welds., At lower amperages, travel speed is less
critical because of greater dissipation, percentage-
wise, of the total heat by the base plate. All
passes that cracked were ground out and rewelded,
so that eventuallly-all plates had sound root passes.

These welds were .completed up to.the carbon-
steel and stainless ste'é‘l“:‘nterface by filling with
coated-electrode tyge 347 stainless steel. Some
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Fig. 47. Carbon Steel-Type 347 Stainless Steel Clad Plate with.Heliarc Root Pass (Electric Baat

Welding Technlque)
weld.

were then given a cover pass or two of type 310
or 308L stainless steel coated electrode in accord-
ance with the schedule set up for the program. One
was finished by using carbon-steel electrodes of
low-hydrogen mineral-coated types E60156 and E7016.
The balance are to be completed by various special
techniques.

The one completed weld indicates that this tech-
nique produces a sound weld, based on radio-
graphic and liquid-penetrant inspections. However,
until the specimens are sectioned for micrographic
examination for microfissuring and are mechanically
tested, no definite conclusions can be made as to
the acceptability of this method of producing
pressure-vessel welds,

Type 347 Stainless Steel Welds in Which
Various Type 347 Stainless Steel
Filler Metals Were Used

W. J. Leonard T. M. Kegley, Jr.

A grooved fillet weld was made to the inner wall
of a type 347 stalnless steel pipe (/4-|n. wall.
thickness) by using a /8 in, plate (Fig. 48), A
J-groove design was used, and the starting point
of each successive pass was moved a shott dis-
tance along the periphery so that.sectioning of the
weld would allow the weld cross section to be
viewed at any stage of completion.

Figure 48 shows a section after the first pass,
while Fig. 49 shows a section approximately half
completed and a completed weld.

Figure 50 shows a cross section of this weld
(A) and a similar weld (B). A further description

60

Cracking which occurred during welding shown from (a) foce and (b) root side of

of the passes, identified in Fig. 50,
Table 18.

Weldment A was made by using Heliarc welding
for the first three passes. Cracks developed in
the second and third passes. This area, which
was almost fully austenitic, as a result of dilution
of the base metal, is thought to be most suscep-
tible to cracking under conditions of restraint,
Figures 51 through 55 illustrate the microstructure
at the indicated positions. It will be noted that
cracking occurs in the filler metal of low ferrite
content such as at positions Al and A3.

Weldment B was made by Heliarc welding (inert-
The root -

is given in

gas-shieided arc, tungsten electrode).

1
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Fig. 48. Weld Cross Secﬁt;} with Root Pass,
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passes were made with low-ferrite filler metal and
completed with high-ferrite filler wire. Some small
cracks were observed in the root, where consider.
able dilution of the weld metal and base metal
occurred. Figures 56 and 57 are photomicrographs
of these areas. Cracking can be noted in the root
of this weld (Fig. 50), whose microstructure is
represented by Fig. 56.

5W, 0..Harms and W. J, Leonard, Met. Semiann, Prog.
Rep. April 10, 1954, ORNL-1727, p 19.
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Fig. 49. Section of the Pipe Weld, lllustrating
Welding Sequence.

o o . UNCLASSIFLED
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Fig. 50. Weld Cross Section with All Welding
Passes Completed. (A) Heliarc root pass with the
balance coated electrode. (B} Heliarc weld.
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METALLURGY OF CORROSION IN HOMOGENEOUS
REACTOR ENVIRONMENTS :

W. O. Harms W. J. Leonard

" Stainless Steel Welds

The special flat-plate-type corrosion specimens
described previouslyé were tested in oxygenated
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Fig. 51. Photomicrograph of Low-Ferrite Heliarc

Root Pass at Position Al. Etchant: glyceria regia.
750X. Reduced 32%.

TABLE 18. DESCRIPTION OF WELDING PASSES
SHOWN IN FIG. 50

Ferrite
Weld Type Welding Wire in Weld
Position (%)
Al Heliarc Low ferrite ‘/2
2 Metallic arc  Commercial coated 5‘/2, 6,7
electrode
3 Metallic arc Commercial coated ]]/2
electrode
4 Metallic arc  Commercial coated 6
electrode
5 Metallic arc  Commercial coated

A\ electrode used in

" 4; diluted 3 and

base metal

Bé6 * Heliarc Low ferrite 1
7 Heliarc High ferrite 10 -
Tvr
e
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Fig. 52.
Pass ‘at Position A2, Having Ferrite and Carbides.

Photomicrograph of Coated-Electrode

Etchant: glyceria regia. 750X. Reduced 32%.
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Fig. 53. Photomicrograph of Coated-Electrode

Pass at Position A3, Having a Trace of Ferrite

and Grain-Boundary Carbides. Etchant: glyceria
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Fig. 54. Photomicrograph of Coated-Electrode
Filler Pass at Position A4, Having Ferrite and

Carbides. Etchant: aqua regia. 750X. Reduced
32.5%.
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Fig. 55. Photomicrograph of Diluted Area at

Position A5, Having Slightly Higher Ferrite Con-

tent Than Position A3. Etchant: glyceria regia.

regia. 750X. Reduced 31%. 750X, Redueed 32%.
L
. 0.17 m uranyl sulfate at 250°C and at a velocity the type 347, type 308L, and Composition H welds,
i of 20 fps for 400 hr. The results of this test, along and, in general, corrosion damage was substanti-
with these of the previous 200-hr run made under ally lower in holder A. This difference in behavior
_ otherwise similar conditions, are given in Table 19, is difficult to understand, since the Reynolds modu-
Specimens containing weld deposits of Compo- lus for flow through holder A was higher than for
sition H (experimental columbium-stabilized 18% Cr— that through holder B, in which the specimens were
13% Ni—-5% Mn steel) exhibited superior corrosion 20% thicker.
resistance in holder B, but in holder A only small Figure 58 shows the peculiar effect observed on
differences in weight losses were observed among Composition H welds in holder B. The zones near
. {F PR
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Fi;. 56'B P:oi"omvi’cT;gll';pl;of.o‘ Low-Ferrite :eli: Fig. 57. Photomicrograph of a High-Ferrite Heli-
- arc Root Bead in Ve (Position 56). Etchant: arc Filler Pass in Weld B (Position B7). Etchant:

glyceria regia. 750X. Reduced 327%. glyceria regia. 750X. Reduced 32%.

TABLE 19. RESULTS OF DYNAMIC-CORROSION TESTS ON SPECIAL FLAT-PLATE-TYPE WELDED
AND BASE-METAL AUSTENITIC STAINLESS STEEL SPECIMENS*

Ferrite iﬁ Weld Defilmed Weight Loss (mg)
Base Metal Weld Metal
, . (%) 200 hr 400 hr
‘Holder A 347 None : 83.0 115.4
310 None . 179.4 209.8°
= 347 347 8.0-8.5 73.9 1147
309SCb None 81.9 196.1
347 Composition H 0 96.1 186.7
304L None : 53.6 1141
347 308L 9.0-11.0 98.0 174.9
~ 304 None 55.7 190.9
347 Composition H 0 90.9 199.8
347 None 84.9 1?9.3
Holder B 347 None 67.8 307.2
347 -304L Composition H 0 51.8 396.6
304L Composition H 0 40.1 438.4
304L Composition H 0 * 473.4
304L None 39.2 504.5
304L 308L : - 9.0-11.0 56.8 921.2
. 304L-347 308L 9.0-11.0 68.3 893.1
i 304L 347 347 8.0-8.5 : 78.2 560.0
304L 347 . 8.0-8.5 57.6 712.3
— : 347 None 83.0 339.7

1

*Specimens were tested in 0.17 m uranyl sulfate, 250°C, 20 fps. Thicknesses of specimens in holder B were 20%
greater than those in holder A. Welded specimens were tested in the as-welded condition, and wrought specimens

were tested in the solution-annealed condition,

**Weighing error. 28
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Fig. 58. Special .Flat-Plate Welded Corrosion
Specimen of Type 304L Stainless Steel Joined by
Composition **H’’.

the top of each weld pass maintained protective
oxide films, while bare-metal corrosion occurred
on the remaining portions. A small amount of this
type of behavior was observed on type 347 welds,
but type 308L showed practically none. Metal-
lographic examination revealed that the portions
supporting stable films contained many randomly
dispersed carbide particles, while the remainder
exhibited the more typical quasi network due to

interdendritic segregation.  The thermal cycle

. corresponding to that undergone by the top portion

of each pass has been calculated so that an all-
weld-metal or a cast specimen can be heat-treated
similarly and corrosion-tested at a later date.

Two additional sets of special flat-plate-type
dynamic-corrosion specimens were machined from
‘/4-in. type 347 plates containing type 347 welds
made by the Heliarc process with the use of a low-
ferrite wire (2—4%) for one set and a high-ferrite
wire (7-9%) for the other. Weld reinforcements
were left on in the majority of cases so that the
flow over coupons would approximate actual service
conditions in butt-welded pipes. Differences in
height of the face and the root reinforcements on
these coupons caused variations in solution velocity,
and the velocity effects were probably more severe

64

than would normally be experienced at a butt-welded
pipe joint,
ated 1.34 m uranyl sulfate solution at 250°C for
100 hr. The average velocity was 10 fps and the
maximum was 16 fps. While averaged defilmed-
weight-loss data hardly justified o distinction be-
tween the corrosion resistance of the high- and
low-ferrite welds, it was observed that the films
on samples containing 2 to 4% ferrite were some-
what more tenacious.

In order to get more information on the effect of
ferrite content on the dynamic-corrosion resistance
of austenitic stainless steel welds, all-weld-metal
specimens ranging in ferrite content from 0 to 12%
were tested in 0.17 m uranyl sulfate at 250°C under
oxygen pressure and at velocities of 15 and 30 fps
for 200 hr. These specimens were machined from
the top half of ]/2-in.-thick weld pads deposited on
type 347~buttered carbon-steel plate by using the
argon-shielded tungsten-arc process under the
following conditions: 200 to 220 amp, 12 to 16 v,
and average travel speed of 4 in./min.

The results of runs M-23 and M-24 are shown in
Table 20. Included in the main line in run M-23
was a chromized tube bundle consisting of seven
tubes, ;s-in. OD and 0.049-in. wall thickness,
which underwent severe corrosion attack causing
abnormally high concentration of hexavalent chrom-
ium ion in the solution. Since this is known to
inhibit attack in uranyl sulfate, it was believed
that the results of run M-23 required confirmation.
Run M-24 was undertoken for this purpose, and it
was observed that, ‘although relative behavior was
similar in both runs, differences were much more
pronounced in the check run. These results indi-
cate that, since alloy No. 4 (containing only a small
amount of ferrite) showed by far the highest wéight
losses, the ferrite content per se is not so signifi-
canta factor in corrosion behavioras was suggested
in previous runs. Previous data, however, indicate
that ferrite has a deleterious effect on corrosion
at higher uranium concentrations.

The several test results reported here indicate
that factors other than ferrite content are operating
to render these welds more or less corrosion re-
sistant, at least at concentrations up to 0.17 m
UO,S0,. To solve this problem will require con-
siderable work in the identification of the various
microconstituents and in the separation of these
constituents so that independent chemical-compo-
sition and crystal-structure studies can be under-

taken, B
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TABLE 20. DYNAMIC CORROSION OF AUSTENITIC STAlNLESS STEEL WELD METAL CONTAINING
VARYING AMOUNTS OF FERRITE

Weight Loss (mg/cmz)

Ferrite
Alloy® in Weld? Run No. M-23°¢ Run No. M-24¢
(%) 14.0 fps 8.4 fps 15.5 fps 30.5 fps
F None 2.8 4.2 2.7 9.3
1.5 1.6 3.6 8.0
H None 2.5 13.8 3.5 51.5
2.5 3.8 3.5 18.2
4  3.5-4.5 1.5 11.8 41 134.8
1.2 1.6 4.2 154.9
P 6.0=6.5 1.7 3.1 2.3 10.2
1.9 2.5 2.8 8.8
] : 6.5-7.5 2.1 3.2 2.9 24.7
1.2 2.9 2.4 15.2
3 7.5-8.5 1.1 2.4 1.3 6.2
1.2 2.2 1.9 5.9
2 11.5-12.5 5.9 © 2.8 2.0 - 8.0
5.9 2.7 2.0 6.7
Wrought-annealed type 347 1.3 12.7 5.7 4.6
2.6 2.5 2.0 8.8
1.4 11.8 5.8 5.8
0.9 1.3 2.0 5.5
Wrought-annealed type 17-4 PH 0.7 1.3 1.4 8.2
0.7 1.0 1.3 2.7

ZAlloys 1, 2,' 3, and 4 are type 347 stainless steel weld wires.

Alloy H is 19.13.5 Cr-Ni-Mn columbiume-stabilized alloy.

Alloy F is 19-10-5 Cr-Ni-Mn not stablized.

Alloy P is 19-10-2,5 max Cr-Ni-Mn partially ferritic alloy.
Alloy 17-4 PH is 17-4-4 precipitation hardening Cr-Ni«Cu alloy in unhatrdened condition.

bEerrite content determined by Magne-gage measurements,
®Conditions of runs M-23 and M-Z24: 0.17 m uranyl sulfate, 250°C, 200 hr. Rapid corrosionof a chromized tubé

bundle in the main line of run M-23 caused abnormally high concentration of Ce8* in solution and correspondingly

lower corrosion losses on specimens,

Commercial Titanium and Zircaloy-2 Welds
Welds were made in l/4-in. plates of Ti-75A and
. Zircaloy-2, with wire of the same compositions,
in a dry box under a helium atmosphere. Special
flot-plate-type corrosion specimens were machined
from these plates without offecting the weld re-
inforcements, Four specimens of each type were
tested in oxygenated 1.34 m uranyl sulfate at 250°C
for 200 hr and at solution velocities ranging from

50 to 92 fps. Tenacious bulk scales of iron and
chromium oxides were deposited on these speci-
mens, but a thin light-green substrate film on the
titanium and a thin gold-colored substrate film on
the Zircaloy-2 protected the materials so that corro-
sion was negligible. The as-removed-and-scrubbed
weight gains were compcrable to those for samples

_ of base material which were included in the run

for compa?'ggn.
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Intergranular Corrosion of Austenitic
Stainless Steels '

W. O. Harms

Tubing from H Loop Pressurizer Mixing Line. =
Three failures occurred in the ]/4-in. tubing of 0.035-
in. wall thickness in the pressurizer mixing line
of dynamic loop H during exposure to 1.34 m uranyl
sulfate at 225°C and at an estimated velocity of
25 fps. A type 347 seamless tube failed after
492 hr, a type 316 welded tube after 22 hr, and a
type 347 welded tube after 188 hr, The seamless-
tube failure was not so clearly intergranular as
were the failures in the welded tubes. Figure 59
illustrates the welded-tube failures.

Letdown Valve in HRE Mockup. - The compo-
nents ofa letdown valve in the HRE mockup, which
was removed because of excessive leakage, con-
sisted of type 347 stainless steel with a Stellite 6
overlay in the seat and on the guide stem and of a
solid Stellite 6 plug. The weld deposit in both the
seat and the stem exhibited porosity, and chemical
analysis showed that cobalt and probably tungsten
had been selectively leached from this alloy. Se-
vere intergranular penetration in the type 347 ma-
terial near the fusion zone was observed. This
penetration was dpparently due to the diffusion of
carbon from the stellite, followed by precipitation
of chromium carbides on slow cooling through the
sensitizing temperature range.

Fig. 59. Microstructure at Penetration in Type
316 Stainless Steel Welded Tubing from Pressurizer
Mixing Line of H Loop. Etchant: aqua regia. 250X.
Reduced 32%.

66 S

Pin-Type Corrosion Specimens. — Metallographic
examination of pin-type specimens of stainless
steel types 316L, 316, 304L, 309SCb, 347, and 304
sensitized, which had been tested in oxygenated
1.34 m urany| sulfate at 225°C and at flow rates of
17-18 and 65 fps, revealed the following:

1. Only the type 304L specimen escaped inter-
granular attack in high-velocity runs, in which
types 316L, 316, and 309SCb showed poorest re-
sistance to this type of attack.

2. At the tow flow rates, types 316L, 304 sen-
sitized, oand 316 were intergranularly attacked. A
typical microstructure of the type 304 specimen is
shown in Fig. 60,

Huey Tests on Tubing and Plate Stock. — In co-
operation with the HRP Static Corrosion Group, an
investigation was initiated to determine whether
HRP stainless steel stock passed laboratory-type
corrosion fests. Seven samples of types 304L and
347 tubing and plate were subjected to the boiling
65% nitric acid test (Huey test) to determine their
susceptibil ity to intergranular corrosion. This test,
which consists of up to five 48-hr exposures to the
boiling acid, requires that acceptable material show
corrosion rates of less than 2.0 mils per month for
each 48-hr period. Results of this study, the de-
tails of which have been reported e|sewhere,7were
as follows:

7J. L. English, HRP Quar. Prog. Rep. April 30, 1954,
ORNL-1753, p 106.

UNCLASSIFIED
T-5661

Fig. 60. Microstructure of Sensitized Type 304
Stainless Steel After Corrosion Testing in 1.34 m
Uronyl_Sulfate at 225°C. Etchant: aqua regia.
1000X. Reduced 32%. '
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1. Welded type ‘'304L’" tubing from one’ supplier
showed corrosion rates as high as 58.5 mils per
month after a sensitizing treatment. Chemical
analysis later revealed that this material contained
0.075% carbon and was either a straight type 304
stainless steel or had picked up a substantial
amount of carbon during processing.

2. Seamless type 347 stainless steel tubing from
another supplier failed the Huey test after o sen-
sitizing treatment. Chemical analysis then showed
this material to be deficient in columbium, the
Cb/C ratio being 0.3 instead of 10,

3. Even though catastrophic corrosion due to the
dropping-out of grains did not occur within the five
test periods, some type 304L and 347 materials
maintained corrosion rates from 1 to 3 mils per
month greater than the rates allowable in existing
specifications.

Stress-Corrosion Cracking in Austenitic
Stainless Steels

Tubing Failures in Dynamiec Loop C. — Two
transgranular failures on the inside of 90- and 180-
deg bends of 36- and ]/2-in. schedule-40 type 347
stainless steel are believed to have occurred as
the result of the combined effects of stress and
corrosion. Details of an investigation of these
failures and photomicrographs have been published
elsewhere.? It was interesting to note that these
parts, which had not been stress-relieved after
bending, were in service for almost 7800 hr before
failing. The failures occurred shortly after a 1000-
hr run at 100°C, in which Oak Ridge tap water was
sprayed on the pipe for temperature control. The
scale that formed on the first failure was of the
boiler type, containing large amounts of calcium and
magnesium. The second failure had received con-
siderable protection from the magnesia-base lagging
material but still had been wet by the tap water.
The presence of 7 to 10 ppm of chloride ion in the
water may have figured in the transgranular stress

8E. C. Miller, W. O. Harms, and T. W. Fulton, HRP
Quar. Prog. Rep, April 30, 1954, ORNL-1753, p 117-119.
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corrosion observed. The boiling 42% magnesium
chloride test showed that specimens from the bent
portion of the tube were considerably more suscep-
tible to transgranular cracking than was a speci-
men from a straight pipe section,

Failure of Type 347 Capillary Tubing in In-Pile
Mockup Loop. — Leaks in the 0.060-in. capillary
tubing of both the hydrogen and the oxygen lines
of in-pile mockup loop BB-2 resulted when trans-
granular cracking occurred. The presence of caked
uranyl sulfate in the oxygen line suggested that
cracking was due to stress corrosion. Since the
time of this failure, two of the small pressurizer
assemblies have been given partial stresse-relief
heat treatments at 950°F for 6 hr in hydrogen.

Laboratory Tests. — Two simulated HRT tube-to-
tube-sheet assemblies, in which :}é-in.-OD, 0.049.

in.-wall, type 347 stainless steel tubes had been

expanded in arolling operation by 0.006 and 0.0015
in., were tested in boiling 42% magnesium chloride
solutions. In addition, as-received tubes were
tested for comparison. Cracks were observed after
5 hr in the expanded end of the 0,006-in.-rolled
specimen, near the surface of the tube sheet. After
10 and 15 hr, tubes in this assembly showed many
cracks in those areas where the rollers ‘“machined
into the tubing.” On the other hand, the 0.0015.
in.-rolled material showed only a few minor super-
ficial cracks, even after 15 hr of exposure. No
cracks were observed in the as-received tubing.
This indicates that the use of the lighter expansion
renders much less probable a stress-corrosion fail-

. ure in the HRT heat exchanger.

The addition of new personnel has made possible
o continuation of the research program outlined in
the previous report.”  One hundred and sixty
constant-stress specimens have been formed in the
special jig. - These include two compositions of
type 304L and one each of types 347, 309SCb, and
316L, covering a large range of martensite-forming «
susceptibilities.

9W. O. Harms and E. C. Miller, Met. Semiann,
Rep. April 10, 1954, ORNL-1727, p 20.
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FABRICATION METALLURGY

J. E. Cunninghorﬁ

EXPERIMENTAL FABRICATION OF
ALUMINUM FUEL ELEMENT

Fabrication studies were conducted on the
preparation of composite fuel plates with the
thickness of aluminum cladding reduced to 10 and
5 mils., The purpose of the studies is to improve
reactor performance of the resulting fuel component
by further lowering the aluminum-to-water volume
ratio. ’

Examination of the test plcnes revealed that
thin-clad fuel plates can be successfully prepared
by the present technique, with only one defect.
The defect appeared as small “’pockmarks’’ or pits
randomly located on the surface of the plates
immediately aofter the flux-annealing operation.

In some instances, these surface pits extended to .

a depth of approximately 3 mils or one-half the

- depth of the cladding at this point in the fabrication

schedule for the preparation of fuel plates with
5 mils of aluminum cladding.

Although these surface imperfections are
essentially ironed out during the following cold-
rolling step, additional work was performed in an
effort to determine the exact cause of the ob-
jectionable surface pits and to eliminate them.
In the flux-annealing operation, where the defect
occurs, a slurry of commercial aluminum brazing
flux (Eutector 190) and methyl alcohol is employed
to facilitate removal of hydrogen to prevent blister
formation.

Type 2S aluminum plates immersed in a large
volume of molten Eutector 190 flux heated to both

" the flux-annealing and brazing temperature were

completely corroded away in a relatively short
time,  Chemical analysis indicated that the
resulting globule that formed in the bottom of the
crucible was actually o Zn-Al alloy containing
5 to 30 wt % Zn. The source of the zinc was
undoubtedly the brazing flux, which contains
8 to 14 wt % ZnCl,,

Similar tests showed that the amount of alloying
or pitting could be greatly reduced by lowering the
content of the brazing flux. The substi-
Ntnon of SnC|2 for the zinc compound arrested the
alloying action completely. Brazed T-joints
prepared with the modified low-zinc and stannous
chloride—bearing showed a
resistance superior to that of samples prepared

fluxes corrosion

160

with regular Eutector 190 flux when tested for
24 hr in boiling water. Initial attempts to braze
full-sized dummy fuel elements with these modified
fluxes, however, were not successful and indicate
a need for further investigation. The lows-zinc-
content brazing flux is presently being-employed
in the flux-annealing operation durmg manufacture

‘of enriched fuel components,

MANUFACTURE QF REACTOR COMPONENTS
J. H. Erwin

Replacement Fuel and Control-Rod
Units for MTR

A total of 105 fuel units and two control rods
were fabricated and forwarded for operation of the
MTR and startup of the Reactivity Measuring
Facility (RMF) during the period from March 1
through September 1, 1954. The fuel units were
the 19-plate type prepared with braze-clad side-
plate material, and each contained 200 g of U233,
Fuel units containing plates of heat Nos, D-292
through D-301 were flux-annealed with 1.5% zinc—
bearing flux.

One of the control rods forwarded was of standard

design, while the other was modified with a
single-piece aluminum extrusion substituted for
the four-piece lower bearing stainless steel
section,

New Loading of BSF Fuel Elements

A new set of enriched fuel elements was prepared
for service at higher power in the Bulk Shielding
Facility., The loading consisted of 25 standard,
full fuel sections for housing control rods and two
dummy fuel components,

Borax Model Il Fuel Units

A total of 68 enriched fuel elements and 22
unassembled fuel plates were supplied to Argonne
National Laboratory’ for Borax Model Il experi-
ments, The standard unit consisted of a 10-plate

element, and each unit was loaded with 93.3 g of
U235 fyel,

Special Fuel Assembly for LITR

A special assembly consisting of nine enriched-
fuel—bearing plates, spaced to provide a central

"”1 ,7 fz 71
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cavity for irradiation experiments in the LITR,
was supplied to the Solid State Division,

Test Elements for Omega West Reactor

Six dummy fuel units were fabricated and
forwarded to the Los Alamos Scientific Laboratory
for preoperational checking before startup of the
Omega West Reactor. The units have identical
end box adapters on each end to permit inversion
of the unit after part-time service.

Control Rods for Pennsylvania State College

A set of three safety control rods and one
regulating rod was furnished for service in the
proposed research reactor at Pennsylvania State
College.

Film Boiling Experiment

A modified control rod and four enriched-fuel
test sections with varying fuel contents of U239
are in process of fabrication for MTR film boiling
experiments by Phillips Petroleum Co.

Alclad U-Al Alloy Test Plates for BNL

An order for 120 MTR-type fuel plates was

completed for testing and component-assembly
" studies at Brookhaven National Laboratory, The
" order consisted of 30 depleted-uranium plates each
of (1) 5 wt % U-Al alloy core with 20 mils
aluminum cladding, (2) 5 wt % core olloy with
15 mils cladding, and (3) 14 wt % core alloy with

20 mils cladding and 14 wt % core alloy with

15 mils cladding.

Neutron-Production Slugs for Hanford and
Savannah River

Cast, enriched U-Al alloy billets supplied by
Y-12 were extruded and drawn into rod stock
needed in the production of approximately 2000
slugs for Sovannah. River and 5000 slugs for
Hanford.

- Ine,

-.4-cm-long slugs.

PERIOD ENDING OCTOBER 10, 1954

PREPARATION OF U-Al _ALLOY PRODUCTS
FOR CHEMICAL PROCESSING STUDIES

Normal-Uranium MTR Fuel Components for
Phillips Petroleum Co,

Ten normal-uranium fuel elements of the design
currently employed in operation of the MTR were
prepared and shipped to the ldaho Chemical Plant
for chemical processing studies,

Depleted U-Al Alloy Slugs for DuPont

Approximately 4000 extruded and 1000 cast,
depleted U-Al alloy slugs of various specifications
were prepared and delivered to Sovannah River,

Miniature U-Al Alloy Slugs

The Chemical Technology Division was fur-
nished approximately 30,000 extruded and 2000
cast subsized slugs of 5 wt % U-Al alloy
continuous-dissolving studies,

Cast ond Extruded ') Slugs for
Phillips Petroleum Co. -

Approximately 1000 cast and 2000 extruded '*J"
slugs of 7-5 wt % normal and depleted U-Al alloy
were prepared and shipped to the Idaho Chemical
Processing Plant,

Cast and Extruded **J** and **SRO"’ Slugs

Approximately 4000 extruded and 3000 cast
slugs of both 5 and 7-5 wt % normal U-Al alloy .
were produced for processing studies by the -
Chemical Technology Division.

MISCELLANEOUS FABRICATION WORK

lodine-Thorium Wire and Foil for
North American Aviation, Inc.

Experimental samples of iodine-thorium wire
and foil were prepared for North American Avjation,
The foil samples measured 1 by 48 in. by
3, 5, 10, and 20 mils in thickness, while 100 ft of
wire in each of the 3-, 10-, and 20-mil-dia size was
supplied.

Highly Depleted Uranium Slugs for LITR

5 - Irradiation

Several highxl»y depleted (0.035% U235) uranium

" slugs were fabricated for canning and irradiation

in the LITR. The slugs were prepared by
extrusion of a 4-in.-di::“'>»qast billet to 1.5-in.~dia
rod, which was machined into 1.8-cm-dia by
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Enriched U-Al Alloy Slabs for Savannah River

Two highly enriched U-Al alloy slabs were
fabricated to assist DuPont in developing tubular
fuel elements. The alloy composition of the slabs
was 15 and 19.9 wt % U235 aluminum alloy, but
both slabs measured 8.9 x 36 x 0.080 in. in
thickness.

Zirconium Alloy Specific-Heaf‘Specimens

" ‘Specimens of zirconium containing 1 and 4 at. %
- silver and 10, 20, and 30 at. % aluminum were

prepared from solution-treated arc-cast melts and
forwarded to Carnegie Institute of Technology for

specific-heat measurements. An 8 at. % silver
alloy was also prepared, but on. metallographic
examination an unidentified phase was revealed
at the grain boundaries, which probably was the
result of incomplete quenching. The specimen
will be solution-treated again with o faster quench
in an effort to eliminate the objectionable phase.

Enriched-Uranium Disk for Lid Tank Facility

A new enriched-metallic-uranium_ source plate
is being fabricated for the Lid Tank Facility of
the ORNL Graphite Reactor. The plate contains
approximately 2 kg of U235 and measured 28 in.
in diameter by approximately 0, 040 in, in thnckness.
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