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PHYSICAL METALLURGY OF
REACTOR MATERIALS

Investigation of the effect of vanadium additions;
(up to 8.5%) and silicon additions (up to 0.1%) on%

the properties of thorium has shown that neither:
of these is a potent strengthener. The effect ofi
heat treatment on the properties of the vanadium
alloys will be investigated.

Expansivity measurements on thorium have not
shown any discontinuity in the temperature raonge}
1325 to 1450°C, where a sharp increase in elec-
trical resistivity had been noted previously.
Further refined tests are planned.

Radiation damage tests on thorium specimens;
are now under way in the LITR. Specimens of
unalloyed thorium and of 99% Th-1% U233 allo

- are being prepared for MT
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_~ Test work indicates that a ceramic coating con-
taining 10% boron, developed in the Ceramic
Laboratory, can be successfully applied to a
thickness of 15 mils on mild stee! that is up tc
]/16 in, in thickness. A peculiar banding structure
was observed in quartz specimens irradiated with
a ‘cobglt source. In the ceramic fuel element
studies, annular rings have been formed from a
cermet composition containing 70% Cr-30% Al,0O;;
about 8% UQ, is included in sandwich form in the
compact. Further accomplishments on ceramic
fuels include the development of a SiC-Si body by
using special techniques; preparation of usi,
bodies; ond the development of a design for an
in-reactor high-temperature test rig.  Work was
carried out on the preparation of Thﬁ2 and UG,
bodies intended for reactor service. An investiga-
tion of the vapor decomposition method for the
application of coatings to ceramics was started.
An investigation was begun on the development
of insulating end cops for Hanford-type slugs.
A study of the physical structure of the BeO blocks

T was made as an aid to the
“interpretation of the de0-NaK compatibility tests.
Petrographic studies included the examination of

fluorlde mixtures. and n~ther combinations

E Petrographic
investigation of the mononhyarore of UO3 is in
progress.

REACTOR COMPONENT FABRICATION

Cladding experiments are in progress fo_es:
tablish the technical feasibility of a
reactor design that features the use ot thorium-
uranium alloy fuel elements. Preliminary work
indicates that the thorium-rich alloy is easily
prepared ond can be readily hot or cold worked by
conventional methods; also, that the alloy can be
metallurgically bonded to both oluminum and zir-
conium for construction of flat-plate-type elements,
Attempts are being made to clad the alloy with
stainless steel,

Alclad plates. wnh 98.8 wt % thorium and hnghly
enriched uranium cores have been fabricated o
forwarded to the MTR for irradiation testing.

Initial design and fabrication studies to improve
the operationa! performance of the MTR are com-
plete, Results indicate that o gain in excess
reactivity of 3 to 4% is possible by {udicious
modifications in design and techniques of manu-
facturing the fuel elements.

It is proposed to replace the lower stainless
in the shim control rod with an _
aluminum extrusion to reduce fabrication cost.
The change will not adversely affect either oper-
ational control or the mechanical stability of the

rod, R

steel section

PHYSICAL METALLURGY OF REACTOR MATERIALS
E. J. Boyle ‘

THORIUM ALLOY DEVELOPMENT
J. A. Mitko

: The alloy development progrom for improving the
corrosion resistance and mechanical properties of
-Analyses for the thorium-.

thorium has continued.
vanadium alloys, the mechanical properties of
which were reported pre\)iously,(”
ible and are listed in Table 1.

My ‘. Milko Me' Div. Quar.

Prog. Rep. Oct. 31,
1952, ORNL- mf p. d A

are now avails .

Concurrently with the preparation of thorium-
vonadium alloys, alloys of silicon with Ames
thorium were prepared by arc melting. Results of
the effect of small additions of silicon on the

‘mechanical propemes of Ames thorium are listed

in Table 2.

Thorium-Yanadium Alloys. The effects of va-

. nadium on thorium are shown in the data of Table
‘1. Additions of about 0.6% to 1.2% of vanadium

to thorium seem to lower the hardness and strength
properties. This appears to be either.a deoxi-
dation action on the thorium by the vanadium or a




removal of carbon from a probable solifsolufion
by the formotion of vanadium corbide,

Additions of vanadium above about 1.2% appear
to harden the thorium. However, the rate of hard-
ening, or, for that matter, of strengthening, is
not too marked, Therefore, by disregarding any
probable effects of heat treatment, it may be con-
cluded that vanadium does not appear to be a
potent alloying element for thorium,

Thorium-Silicon Alloys,  Additions of small
amounts of silicon to Ames thorium tend to in-
crease the strength properties and hardness gradu-
ally. Ductility, as measured by per cent elongation

PERIOD ENDING JANUARY 31, 1953

and reduction of area, is lowered gradually by the
addition of small amounts of silicon. The data
are presented in Table 2.

It seems desirable at this time for additional
alloys of higher silicon content to be prepared for
study. Knowledge of properties of such alloys
would be directly applicable to several problems
relating to reactor material design.

PHYSICAL PROPERTIES OF THORIUM

R. E. Adams
Previous work indicated that a sharp increase in
the electrical resistance of thorium occurs in the

TABLE 1. EFFECT OF VANADIUM ON THE PROPERTIES OF AMES THORIUM

Annealed for ‘/2 ht at 750°C after cold swaging about 50%

TENSILE | YIELD STRENGTH

CHEMICAL COMPOSITION (%}

STRENGTH
(psi)

AT 0.2% OFFSET

(a)
Th (psi)

v Cc

ELONGATION
IN L5 in,
(%)

REDUCTION
OF AREA
(%)

PROPORTIONAL
LimT

{psi)

ROCKWELL H
HARDNESS

30,9008

0.038 Balance

20,000(%

0.036 29,3000’ 17,900(<!

Balance

117 | 0.033 27,4000/ 16,600(<!

Bolance
33,6001 16,3000
39,5002

36,700(%

3.331*7 | 0.040/’ | Balance

6.301*) 1 0.087/* | Batance 20, 400(%

8.5¢ | 0.042 | Balance 20,200%

s57.00% 78
s4.0(¢)
s2.009

s5.0(¢

a7.0%
s7.0(¢)
s1.0(¢!
34.09
26,04
28.00%

16,2001
13,700/ 65
13,700(<) 75
11,400 81
12,100/ 40,08

50.0/%

12,700%!

(a)Also contains trace impurities- of Be, Al, Fe, N, Ca, Mg, B, Cd, ond Zn.

“”Average of four tests.
(C)Averuge of three tests.
Average of two tests.
®)Vatues ﬁppour to be high and will be checked.

TABLE 2. EFFECT OF SILICON ON THE PROPERTIES OF AMES THORIUM

Annealed for % hr at 750°C after cold reduction of about B5%

TENSILE
STRENGTH
(psi)

YIELD STRENGTH
AT 0.2% OFFSET
tpsi) .

CHEMICAL COMPOSITION (%)
Si c Thie!

PROPORTIONAL

REDUCTION
OF AREA
(%}

ELONGATION
IN 2 in.
(%)

HARDNESS
VHN

LIMIT

(ps) Rockwell H

0.032 | 0,092 | Balance | 25,7001 15,000

0.077 | 0.037 | Balance | 27,700(%) 16,700(%

010" | 0.041 | Batance | 29,8001 18,700

9,600“’) 51000 54,0 89(c) es(c)

11,000 .ot s4.000 9afe! 720

42.01®) 48.00%) g5i) 72t

12,700/

(@a1s0 contains trace impurities of Be, Al, Fe, N, Co, Mg, 8, Cd, and Zn.

“”Average of two tests.
(c)Averuge of ten readings,
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temperature range of about 1325 to 1450°C. In an
effort to ascribe a reason for this, investigations
ore being made to learn whether any other proper-
ties of thorium undergo changes in this temperature
region.

Preliminary experiments
measure the coefficient of thermal expaonsion of
thorium at high temperatures. The data obtained
thus far indicate that no significant discontinuities
otcur in the thermal exponsion vs. temperature
curve between about 900 and 1600°C. Since the
test methods were somewhat the coef-
ficients of expansion of thorium are not accurately
known. Some improvements in technique have been
adopted, and later tests with iron hove indicated
that the phase transformation between alpha ond
gamma iron, and between gamma and delta iron,
are clearly indicated. Additional tests with tho-
rium will be made in the near future. -

have been made to

crude,

RADIATION DAMAGE OF THORIUM
R. E. Adams R. H. Kernohan

A study of the effects of neutron irradiation on
the properties of thorium is being carried out.
Although no information has been obtained from
these experiments, as yet, the status ond scope of
the progrom will be described here.

LiTR lrradiaotion Experiments.
test specimens are now being irradiated in the
LITR at an approximate flux of 4 x 10'2 neu-
trons/cm?. sec. A detailed description of the
specimens was given in ORNL-1366.3 Irradiation
of the cylindrical end the hardness test specimens
started on August 19, 1952, and the tensile and
impact specimens were put in the reactor on De-
cember 1, 1952, The specimens will be exposed
for six months,

MTR Irradiation Experiments, Plans have also
been' made for irradiation of thorium in the MTR,
Specimens will be irradicted at o flux of about
10" neutrons/cm?.sec. One set of specimens
will be exposed for six months; a duplicate set

Several thorium

(2)551id State Division.

(3)R. E. Adams, Met. Div. Quar. Prog. Rep. July 31,
1952, ORNL-1366, p. 10,

will be exposed for one year. The specimens will

be canned in copsules containing liquid NaK to

provide good heat transfer between the specimens
and the capsule walls.

Each set of specimens will contain the following
samples:

1. two cylindrical test specimens, 0.204 in, in
diometer and 4 in. long, whick will be used to
study chonges in dimensions, dynomic elastic
modulus, electrical conductivity, and thermal
conductivity;
four impact test specimens, 0.204 in, in di-
ameter and 43{4 in. long, eoch of which can be
broken in four places;
twelve hardness test specimens, 0.204 in. in
diameter and ‘/B in, thick, which are for study
of changes in hordness and possible effects of
postirradiation annealing.

A test program is also being planned for in-
vestigating the effects of irradiation damage in
thorium containing U223 as an alloying oddition.

Tentatively, it is planned to irradiate @ 99% Th-
1% U235 alloy, and to approximately duplicate the
present experiments scheduled for MTR irradiation.

PROPERTIES OF PURE METALS
W, J, Fretague

The Mechanical Testing group has performed
elevated-temperature tensile tests on specimens
made from six induction-melted nickel rods, which

) Variations

were described in a previous report,
in the impurity content of the individual melts
offected the physical properties of the material to
such a degree as to make the data noninterpretable
for the purpose for which the experiments were
designed. A purchose order has been placed with
the Vacuum. Metals Corp. for 20 ft of 7/e-in.~<:|ic.:1
*"Nivac'' (high-purity, gas-free nickel). This mo-
terial is produced in 200-tb ingots, and therefore
it is possible to obtain specimens that are more
homogeneous than those obtained from individual
melts. When this material is delivered the experi-

ments will be repeated.

Wy, 5. Fretague, Met, Div. Quar. Prog. Rep. July 31,

1952, ORNL-1366, p. 10.
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HRP METALLURGY
W. J. Fretague

E. C. Miller

SERVICE TO CORROSION AND ENGINEERING
GROUPS

Examination of a somple holder of type 304
stainless steel has established the susceptibility
of a sensitized, austenitic, stainless steel to
intergranular corrosion ottack in uranyl sulfate
containing 100 g of uranium per liter ot 100°C

under crevice corrosion conditions that involved’

oxygen depletion of the solution.

A variety of samples of stainless steels have-

been prepared for the Static and Dynamic Corrosion
Test groups in an effort to establish the effect of
such metallurgical varicbles as mechanical work-
ing, heat ftreatment, and various descaling pro-
cedures. .

Valve parts of titanium und special stainless
steels have been subjected to hard-surfacing treat-
ments, exposed to corrosion conditions in dynamic
corrosion loops, and evaluatéd metallurgically.
This work is continuing because completely satis-
factory treatments have not been established.

WELDING OF TYPE 347 STAINLESS STEEL

Experimental work has been carried on in the
welding of thick plates of type 347 stainless steel
by using various combinafions of passes, by using
bare rod filler metal in the inert-gas shielded-arc
method, and by using coated electrodes in the
conventional, metal-arc welding method. Similar
work has been done in the welding of type 347
stainless steel to a boiler grade of carbon steel.
Tentative procedural specifications and a welder’s
qualification outline have been written for the

. hecvy-secnon welding of type 347 stainless steel.

RADIATION DAMAGE STUDIES

Assnstance has “been given to the Solid State
:Divigion in the selection and preporation. of impact
. 'specimens fot exposure -in- the. Ock Ridge graphite

*" . reactor and in the LITR The materials prepared
included 'several carbon steels, austenitic stain-
S. s'eel s, ond titanium of varlous grades.

PROPERTIES OF TITANIUM

: Vacuum-fusmn unalyses and impact !es's have
- been performed on specnmens of commercual-purny

W. J, Leonard

titanium, as well as on high-purity iodide ti-
tanium. — as machined, as exposed to uranyl sul-
fate under static ond under dynamic corrosion
conditions, and after cathodical treotment — for
the purpose of investigating the possibility of
contamination and embrittlement by hydrogen during
the course of reactor operation.

The limited results available to date are en-

couraging in that they do not indicate that uranyl .

sulfate corrosion adds any appreciable amount of
hydrogen to commercialpurity titanium or that it
becomes any more embrittled as a result of the
corrosion, It should be remembered, however, that
the tests are not sufficiently complete to be con-
clusive: and that the commercial-purity titanium
was rather brittle even before the efforts to intro-
duce hydrogen.

FABRICATION
E. S. Bomar

HRE Recombiner, Operation of the HRE results
in a continuous dissociation of the heavy-water
moderator into deuterium and oxygen. One method
of recombining these gases for return to the reactor
makes use of a controlled catalytic reaction to
reform heavy water, J. Ronsohoff of the Reactor
Experimental Engineering Division suggested the
possibility of applying the catalyst to o metallic
surface, which could serve as the high-temperature
side of a heat exchanger., The need for a large
reacting area led to the work described below,

The structure of metal built -p by using a wir\
s

or powder spray gun is inherently porous and ha

a relatively rough finish. Since these properties
provide increased surface areq, it was decided to
investigate the possibilities of these methods of
fabrication.  Experimental lengths of /-m.-OD

" tubing were prepared by spraying stomless steel

on stainless steel tubing to a thickness of 0.010
inch. Bends of 180 deg caused separation of the
sprayed layer from the tube, To minimize this, o
thin layer of a brazing alloy was applied to the
fube before spraying.

Approximately 0.005 in. of Nicrobraz alloy was

applied to the tube by using a powder pistol. Thi{
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was covered with a 0.020-in. layer of type 202
stoinless steel from o wire spray gun. The com-
posite tube was then sintered at 1120°C in hy-
drogen. Since this sintering temperature is above
the melting point of the Nicrobraz, a bond was
created between the tube and the sprayed metal
layer. The adherence during bending was much
better than without the braze. Thirty tubes, 1/2 in.
in outside diometer and approximately 10 to 12 in.
long have been prepared for assembly into a small
heat exchanger by the Reactor Experimental Engi-
neering Division.

Riveting of Second HRE Impeller. A series of
five rivets for a second titanium impeller were
upset by using conditions established in assem-
bling the first impe!ler.“) The riveting proceeded

* METALLURGY DIVISION QUARTERLY PROGRESHS REPORT

without difficulty; and all rivets upset in a satis-
as indicated by a subsequent
cleanup machining operation, All of the rivets

tactory manner,

were of the same length, The conditions for rive
eting are given in the following:

Rivet length, in. ]%4

Rivet distance, in, 0.178
Voltage on electrodes 4.20
Current, % 75
Approximate current, amp

Time in cycles

“’E. S. Bomar, Met., Div. Quar. Prog. Rep.
1952, ORNL-1366, p. 18.
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CERAMICS RESEARCH

J. M. Warde
C. E. Curtis J. R. Johnson
L. M. Doney A. J. Taylor
S, D. Fulkerson G. D, White
J. A, Griffin

T. N. McVay, Consultant

RADIATION DAMAGE STUDTES

Further .work in the radiation damage studies
awaits the results of exposures of ceramic, speci-
mens at Hanford, Some additional studiesl of the
banding observed in specimens of quartz irradiated
with a cobalt source were made (Fig. 17). It is
believed that these bands are f-center phenomena
resulting trom trace impurities in the quartz, It

-is' possible that some correlation of geologic
istory with the size and nature of the bands may

e- found.

nsultant

100 1 UNCLASSIFIED
¥.8228

Fig. 17. Quartz Specimens After lrradiation with
a Cobalt Seurce. Specimen on right from Brazil;
specimen on left from Arkansas.

.. DEVELOPMENT OF CERMETS FOR REACTOR
COMPONENTS

The Cr-Al,O, cermet fobrication studies have
esulted in the successful preparation of disks
in. in diameter and 20 mils thick, Several sand-
ich disks were also made that contained a thin
yer of UO, mixed with 70% Cr-30% Al,0,.
nular rings have been formed of the 70% Cr-30%
PLOA composition containing about 8% UO, in
ndwich form. Inweactor tests of these cermets
now being contemplated, A ZrC-Fe cermet was
fabricated as a possible material for pump parts,
seals, and bearing materials. This cermet, along
with Kennametal 1571-0, has been tested for cor-:
rosion resistance in fluorides, sodium, and lead.
These materials appear to be very promising, The
Kennametal 151-a showed no attack ot 800°C for
100 hr in sodium, lead, and fluoride No. 14, A
slight surface leaching was observed on the ZrC-
Fe cermet in both sodium and fluoride No. 14.

" The development of fuel elements using combi-
nations of SiC-Si and USi_was started. The SiC-Si
body is prepared by heating at 1000°C for 1 hr o
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mixture of 50% graphite (2 micron) and 50% wheat
flour. The resulting porous body is then placed
in a grophite container together with powdered
silicon, and the container is heated by resistance
to 2000°C, at which temperature silicon carbide
is formed, with an accompanying exothermic re-
action, while molten silicon is simultaneously
absorbed by the body. The resulting cermet ap-
pears to have a well-bonded structure that is free
from voids, Further work is in progress fo de-
termine the physical properties of this material.

An investigation of the preparation of USi_has
commenced. A material containing cbout 90% USi,,
5% USiy, ond 5% UO, has beer successfully pre-
pared by heating uranium metal in contact with
silicon at 1700°C. |t is necessary to have a very
pure argon or helium atmosphere for this reaction,

Preliminary designs of an in-reactor high-temper-
ature test rig were made. It is proposed that o
design be prepared for a small chamber about 4 in.
in outside diameter and 12 in. long with two con-
centric compartments; the inner compartment will
be for contgining ceramic fuels, and the outer
compartment will contain water cooling coils that
will serve to cool both the contoiner and any hot
gases from the inner fuel element chamber. The
following gas cycle is to be used: out-of-reactor
pump to inner chamber to outer chamber to out-of-
reactor radicactive counting rig to out-ofsreactor
pump. The out-of-reactor pump is to be used to
provide flow rates over the fuel element of the
order of 200 fps.

OXIDE CERAMICS

Thorium Oxide, In.determining the properties of
thorium oxide for possible application as a reactor
material, it was shown that firing temperatures of
1400 and 1600°C (held for 1 hr) are insufficient
to vitrify pure thorium oxide, Firing at 1800°C
and the effects of additions of aluming, silica,
zirconia, and of other ingredients in promoting
vitrification at lower temperatures are being in-
vestigated, Measurements of the resistance of
thoria to autoclaving are being conducted through
R. B. Briggs’ HRE Group, with the use of fused
thoria pellets obtained by this laboratory from the
Norton Company.

Three thoria cylinders (solid) 2 in, high and 1 in,
in diameter were slip-cast and fired at 1600°C for
the Experimental Engineering Department, The
cylinders are to be used in testing the thermal
conductivity of thorium oxide at room temperature.

3%

[ 2L

Uranium Oxide, Hot«pressed specimens of ura-
nium oxide have been transmitted to R. B. Briggs,
HRE Group, for autoclave testing,

FABRICATION CGF SPHERES FROM CERAMIC,
MATERIALS

A laboratory method for preducing small (‘é to

‘,g in, in diameter) spheres from powdered ceramic
materials is being worked out, This technique
will.\ be employed for the production of uranium
oxide pellets. and will be useful for various other

appli¢ctions. 1
VAPOR COATING OF BERYLLIUM OX|D,E

The coating of graphite by the vapor decompo-
sition method has been described by Kertesz et
ol Because hot-pressed beryllium oxide sam-
ples have, in the past, shown o tendency toward
particle disintegration when dynamically tested in
liquid NaK, it was thought that a coating of silicon,
silicon carbide, or some of the refractory metals
might retard, if not completely stop, this disinte-
gration. Accordingly, an apparatus for vapor depo-
sition experiments has been rigged and on investi-
gation commenced under the iocint auspices of the
Ceromic Laboratory and the { Chemistry Sec-
tion. . So far, it has been esraolished that hot-
pressed beryllium oxide specimens can be coated
by this methed by possing SiCl, vapor in a hy-
drogen atmosphere over heafed specimens of be-
ryllium oxide. It was found thdt unless the speci-
men temperature is kept in the range 900 to 950°C,
and the flow of vapors is kept ot a very low rate,
the coat’ng is deposited too rapidly and it is too
thick and too.uneven, Such a coating spolls off
readily, when cooling., For silicon carbide cadtings,
in the preparation of which SiCl, and tydrogen
vapors are first bubbled through liquid toliene and
then passed over the heated sample, the some
operating conditions hold, This popping off of
the heavy coating is due, in part, to the wide
difference in the coefficients of expansion of the
materials involved, (A specimen of silicon that
was successfully coated with a thin and unifors.
coating was submitted

or a ZU0<hr dynamic test in
tiquid NaK. Resulis of this test are not yet avail-
able. Also, a specimen of beryllia presumably

(g, Kgrresz, H. C. Brossfield, and L. M. Doney,
Coating Graphite with Silicon and with Silicon Carbide
b;s'oh)e Vapor Decomposition Method, NEP A-1553 (Aug. T,

TS T PR e e

1
i



coated with silicon carbide has been submitted
for x-roy determination, It is planned to try coat-
ings of zirconium, molybdenum, titanium, deposited
in a similar manner, by using a volatile compound
of these metals as a source,

INSULATING END-CAP DEVELOPMENT

Work has commenced on developing insulated end
caps for Hanford-type slugs. It is proposed to
fasten disks of ceramic materials inside of the
aluminum end caps during the slug canning oper-
‘ation. The purpose of the caps will be to equalize
the heat flow from the center of the slug to the
surface., A number of disks of various ceramic

" materials, such as S|02 glass, forsterite, zircon,
and aluminag porcelain, have been prepared. These
disks ore 30 mils thick and 1.1 in, in diagleter,

It was originaily intended to make up canned slugs

with the ceramic disks in place and forwayd them
to Hanford for tests. Unfortunotely, the Y-12
canning line has been shut down and the expense
of setting up to get the job done here is prohibi-
tive. The disks have therefore been sent to Han-
ford for make-up of the slugs.

UNIFORMITY OF BERYLLIUM OXIDE BLOCKS

A study of the physical he beryllium
oxide blocks to be used was made to.

aid in the interpretation of BeU-NGK compatibility
test data. These blocks, fabricated by the Norton
Company, were made by hot-pressing beryllium
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oxide powder, They are hexagonal blocks 2‘/‘ in.
on a side, 3“/16 in, in diameter across the center
of the faces, and 6 in. long. They are fabricated
with a center hole running axially through the
block; the diameter of the hole (depending on the
posmon of the block in the reactor core) is 4,
]/B' or | / inches. A visual examination was made
of about 30 blocks of the type having o z-m.-dla
hole. These blocks had been sawed in two on @
plane perpendicular to the long axis.’ it was obe
served that in all cases the core of the blocks had
a different physical structure thon that of the outer -
portion of the same blocks, In order to study the
core structure, six blocks that had not been sawed
were soaked in fuchsin dye for 12 hours. The dye

‘is absorbed most in the more porous oreas. in the

block; Fig, 18 shows the typicgl soft-core struc-
ture roted in all the dyed specimens. Samples
taken from the inside and outside surfaces of these
blocks showed density variations from 2,80 to 2.83
at the outside, which decreased to 2.26 to 2.43 at
the inside, The apparent porosity of the dense
portion of the block is practically zero, compared
with values up to 23.3% for the soft core. Table 25
gives results of density, apparent porosity, and
water absorption measuréments for specimens cut
from various portions of the block. -

Blocks that have @ 1'/8-in.-diu central hole are
being split longitudinally so that the two halves
can be placed around a cooling pipe. With the
blocks split, a lorge amount of inner surface will

TABLE 25. DENSITY, POROSITY, AND WATER ABSORP TION MEASUREMENTS OF
VARIOUS SECTIONS OF THE BERYLLIUM OXIDE BLOCK

WET DRY ABS(:,'T_P;'ON' SUSPENDED - DENSITY Pozc:sl')"
SOURCE. | WEIGHT, W | WEIGHT, D] W=D > WEIGHT, Sp* | W=spp™ |0 3 VoS
(9) (o) %) (9) e
"Outer sdge | 1.3612 1.3609 0 0.881 0.4802 2.83 0
1.8459 1.8458 0 1.187 0.6589 2.80 0
2.0859 2.0860 0 - 1.350 0.7359 2,83 0
Core 1.3957 12789 | 0.1168 9.13 0.846 0.5497 2.33 2125
1.3555 1.2661. | 0,0894 7.06 0.835 0.5205 2.43 17.18
11778 1.0680 | 0.1098 10.28 0.707 0.4708 2.27 23.32
: qQ
;‘" *Sp = weight suspended in water. '

* "SAA = equivalent to volume,




Fig. 18. Dy.e-trea'ed Beryllium Oxide Bloc
Showing Porous Central Section.

be exposed to the coolant material, This inn
surface is low-density material that is particularl
susceptible to NaK corrcsion, To determine th
extent of the low-density region, a random sampl
* of these blocks was soaked in fuchsin dye fo
12 hr and specimens were cut from selected locali
ties in the block, Figure 19 shows the densit
and per cent porosity placed on the block in thd
location from which the sample was taken. The
dark shaded areas on the right of the block indicatd
the porous portions shown up by the penetratior
of the dye. Five samples of blocks with a ]:’/‘-in.
dia central hole were soaked in dye and were alsd
found to have a porous central core.
. A general observation was made regarding thd

prevalence of cracks in all the blocks examined

All the blocks have at least one crack, and some
In some cases

blocks contain several cracks.
these cracks are visible at the surface of the
block, butin the majority of the blocks the crack:
are confined to the interior portion, These cracks|
are quite narrow and contribute only slightly to
the porosity, The presence of one of these cracks
may be observed in Fig. 19. A

The porous condition 'developed in the hot-

¢ ’ pressed beryllium oxide blacks is a defect caused
’ by fabrication, A probable cause of the defect is
" " that the hot-pressed die had too-tight a fit on the
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top and bottom punches around the central pin,
which would couse binding ond therefore uneven
pressure application, A further factor is faulty
filling of the die, which would cause bridging of
the powder around the pin. Other factors, such
as too short time of application of pressure, too
short time of holding ot pressing temperature,
uneven temperature distribution in the beryllium
oxide powder because ot too rapid heating, cooling
of the die to room temperature without extracting
the core pin, etc., could also have affected the
final density.




. . : Y
Fig. 19. Density and Per Cent Porosity at Various Locations in a Full-Size, 1. “‘Beryllium/O“xide Block.
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REACTOR COMPONENT FABRICATION

J.E. Cunningham

_THORIUM-URANIUM FUEL ELEMENT
'R'.Ja Beaver J. W. Geer
Fabrication studies were initiated on o converter-
breeder type of thorium-uranium alloy fuel plate
for possible. service in @ H,0-cooled and -moder-
ated “’package’’ reactor. There is interest in such
a fuel element because the long service life ob-

taindble would result in substantial savings in .

" -both-fobrication - and- chemical - processing costs,
as well as in fuel investment,

Although when in use there will be an ultimate
need for either zirconium or stainless steel clad-
ding, the initial work was done with aluminum
cladding, primarily to expedite radiation damage
testing of the alloy in the MTR. The main reasons
for the choice of aluminum are (1) it avoids the
use of dissimilar metals in intimate contact in the
same system or the possibility of galvenic cor-
rosion, and (2) it can readily be stripped chemi-
cally from the alloy to facilitate dimensional and
physical property measurements after irradiation.

Several melts of thorium-rich alloys, 1 to 5 wt %
uranium range, were successfully prepared in the
arc-melting fumace. Chemical analysis verified
the intended composition, within the accuracy of
the determination.

The alloy can be readily hot or cold worked.
Room température hardness values of the alloy
are given in Table 26.

The alloy can be metallurgically bonded to com-
mercial 2S-grade cluminym by hot rolling in the
400 to 450°C temperature range with a total re-
duction in thickness of 8 to 1. Jacketed billets
rolled ot.temperatures in excess of 450°C show
the presence of the brittle ThAl; compound at the
alloy-aluminum interface. It is not necessary to
evacuate jacketed billets that are rolled below
450°C,

Like unalloyed thorium, the uranium-thorium
alloy tends to ‘‘ball-up®’ on the leading and trailing
ends when rolled in o composite pack with alu-

minum cladding. The resulting nonuniformity in

TABLE 26, ROOM-TEMPERATURE HARDNESS OF THORIUM-RICH ALLOYS

HARDNESS IN DPH
ALLOY COMPOSITION CONDITION (10kg 16ad)
Unalloyed Ames thorium metal Cold worked 0% 99
1.1% U<Th Cold worked 33% - 16
LI1% U=Th - 'Cold worked 33% and annealed 6 hr at 800°C 89
1.1% U=2% Ze~Th Cold worked 33% and annealed 6 hr at 800°C 69
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core thickness is believed to be due to the differ-
ence in plasticity between the two materials ot
rolling temperatures,

This defect can be portly corrected by using
either 24ST+ or 52S:grade aluminum to back up or
stiffen the 2S-grade aluminum cladding. However,
this results in either a 5- or 7-ply sandwich, de-
pending on whether or not 2S.grade aluminum is
desired as the outer cladding material.

Three Alclad, enriched, uronium-thorium alloy
plates, 8 in, long, 1 in. wide, ond 0.072 in. thick,
and one plate 28 in. long, 1 in. wide, and 0.072 in.
thick, were fabricated for irradiation testing in the
MTR. The alloy core used in the preparation of
these plates was composed of 98.8% thorium and
1.2% highly enriched uranium metal.

The cladding techniques developed and proved
to be successful for cladding Ames thorium metal
with zirconium were tried on a 4% uranium-thorium
alloy. The brazing and the diffusion-anneal clad-
ding techniques appear to work equally well on
this thorium-rich alloy.

The brazing-in-vacuum technique, in which a
brazing alloy of 22% zircorium-thorium alloy is
used, was fully described in a previous report.!!
The diffusion-anneal method consists of picture
framing the alloy in zirconium and canning the
entire compact in a stainless steel jacket for
oxidation protection during hot rolling.  After
evacuation through an exhaust tube, the assembly
is sealed by hot forging. The use of NBS ceramic
frit A-418 coated on the stainless steel nrevents
the formation of the iron-zirconium eutectic during -
the diffusion-anneal treatment,

FABRICATION OF URANIUM-ALUMINUM
ALLOY COMPONENTS

J. H. Erwin G. D. Goldston

J. N, Hix H. J. Wallace

G. E. Cooley W. W, Proaps
E. R. Tumbill

MTR Experimental Studies. Work on the problem
of improving the operational performance of the
MTR continues. Techniques have been found that
minimize the amount of poisonous brazing flux
entrapped in the fuel element during manufacture.
The Vy -to-V H,0 ratio can.be safely lowered by

cautious modifications of the fuel element design.

My, g, Cunningham et al., Met. Drv. Quar. Prog. Rep.
July 31, 1952, ORNL.-1366, p. 14,
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The proposed substitution of an aluminum extrusion
for the lower stainless steel bearing section in the
shim control rod will not adversely affect either
operational control or the mechanical stability of
the rod.

Results of this work were discussed in detail
with members of the Phillips Petroleum Co. and
the tdaho Operations Office ot a meeting held in
December.t2) Recommendations were (1) that one
control rod of the new design be constructed and
tested at ORNL, (2) that an experimental loading
of 23, thin, side-plate units be fabricated according
to the latest techniques to be ready for the next
reloading on about February 1, 1953, ond (3) that
the Phillips Petroleum Co. investigate a fuel
assembly design that features more fuel concen-
trated in the upper half of the element than in the
lower half,

Studies to Eliminate Flux Entrapment. Although
not known with certainty, it was strongly suspected
that the fuel element was being poisoned by simple
mechanical entrapment of brazing flux, and experi-
mental work on the problem of removal followed
this lead, Another possible mechanism was that
of lithium alloying with the aluminum-silicon braze
metal in much the same monner that sodium is
used to modify this particular alloy.

Experimental work was conducted in two steps.
The initial phase consisted of investigating the

. effect of higher brozing temperature, joint design,

and techniques of applying the flux. No attempt
was made to alter the composition of the flux. This
work is now complete and the important results
are summarized in Table 27.

All tests were run on full-sized, dummy, alumi-
num fuel units. After brazing, the units were
carefully dissolved by the Chemical Technology
Division and the solution was analyzed for lithium
content by the flame photometer method. The
accuracy of the determination is better than 2 ppm

.at a 95% confidence level. In all but the first test,

brazing flux from the same batch was used to
remove the variable of change in flux composition.
Analysis showed that this flux contained 4.72%
lithium and 54.0% chlorine.

The emount of chlorine and flux .contained in
each unit {shown in Table 27) was calculated on
the basis of the above anolysis, The use of
mercuric nitrate as a catalyst in the dissolving

), g, Cunningham, MTR Fuel and Control Rod Ele-
ment Meeﬂng, ORNL CF-53-1.150 (Jun. 14 1953) =
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TABLE 27. RESULTS OF BRAZING TESTS TO ELIMINATE FLUX ENTRAPMENT

BRAZING CYCLE AMOUNT PER UNIT (g) CALCULATED LOSS IN Ak/k
9 IN ACTIVE LATTICE DUE TO
TEST
ASSEMBLY | Temperature Time Li cl Flux Li cl Li+C
(°F) {min) .
-1 1100 37 1.26 1441 | 26,69 2,52 2.67 5.19
X-13 - 1105 35 0.57 6,52 | 12.08 113 1.22 2.35
X-21* 1105 .33 0.17 1.94 3,60 0.35 0.37 0.72
X-22* s ' k) 0.09 1.04 1,93 0.19 0.20 0.39 .
X-23** 1115 ' 31 0.06 0.76 1.40 0.13 0.14 0.27

*Side plate, ]/B in. thick, with shallow groove joint.

**Same os X-21 except for change in technique of applying flux.

step prevented a direct check on the chlorine
content in the dissolved assembly solution,

The values of loss in Ak/k were calculated on
the bosis of a 3- by 9-slab loading arrangement of
140-g elements with o total poison cross section
of 7700 em?,

The results of the brazing tests show that the
combination of higher brazing femperature, more
shallow groove joint, and flooding of the side
plate with an excess of flux reduced the amount
of lithium, and presumably chlorine, by a factor of
21, Attempts to braze at 1120°F were not success-
ful because the braze metal alloyed excessively
with the 25-grade aluminum side plate at this
temperature.

In the second phase of the investigation, the
work was centered on the problem of developing
a new brasing flux that is essentially free of
lithium and chlorine. Several special fluxes pre-
pared by Alcoa and Permalotem were tested, with
unsuccessful results, :

A new bromide-base flux, developed at ORNL,
showed promise during initial testing. :The flux is
prepared from a base mixture of 20 parts of barium
bromide, 60 of calcium bromide, and 20 of sodium.
bromide, with 2"parts of either CaCl,"of SrCl; ‘and |
11/ parts of ZnCl, added.. Testing |s mcomplete..

Des:gn and Fabncar:on Studies to Improve the .
Al-to-H,0 -Ratio.  Another approach -to” enhance
the performance of the reactor is to alter the fuel
element design to obtain a lower V, |-to-V\ /' 1 ratio

in the active core. Structurally, the present fuel
element is over-designed for service in the MTR,

42

Study revealed, however, that any contemplated
design change is limited largely by the hydraulics
of the present system; hence, only minor changes
in the fuel element were considered. The modifi-
cations considered were guided, generally, by the
following factors: (1) an Al-to-H,O ratio in the
active core of less than 0.60 would be desirable;
(2) the external dimensions of the fuel unit would
remain the same; (3) any fuel component member
altered would not be substantially weakened
structurally; (4) effects on water velocity and flow
area would be investigated; (5) no similar change
would be made in the. fuel section of the shim
control rod; (6) manufacturing cost would not in-
crease.

The Al-to-H 0 ratio of a single fuel element of
the existing de5|gn (/6-|n.-thnck side plote and
0.060-in.-thick fuel plates) is 0.716. This ratio
increases slightly to 0.731 for the entire 3- by
9-slab loading arrangement because of the addi-
tional aluminum in the four shim control rods.

The first change investigated wcs that of re-
ducing the side-plate thickness from / to % 4 inch,
This lowered the Al-to-H,0 ratio m the active
lattice to 0.689 ond mcreosed k off by approxi-

.mately 1%. The water flow area Sincreased 2.5%

A dozen or more full-sized units of this design
virgére successfully mocked up according to specifi-
cations, -and no manufacturing difficulties’ were
found.. Subsequently, an enriched fuel element of

‘the same design.was fabricated and transferred

for service in the LITR,
"The se;ond modification considered was that of
décreasing- the cladding on the fuel plate from 20
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to 15 mils. The combination of this change plus
the thin-side plate drops the Al-to-H,0 ratic in the
active lattice to 0.569, but the water gap in-
creases from 117 to 128 mils,

Mo attempt was made to fabricate this particular
unit because of the objectionable increase in
water-gap thickness. Instead, another fuel plate
was added to the unit to bring the water-gap
thickness back to 118 mils.

A 3- by 9-slab loading of these 19-plate elements
hos on Al-to-HZO ratio of 0.600, and, more im-
portantly, it increases k ¢ by approximately 4%,
A portion of this gain, however, is due to the extra
fuel present because of the odded plate. The
water-flow area is increased appreciably, that is,
by 8.2%. :

It should be pointed out that this change does
not materially weaken the fuel plate structurally,
because the strength of the member is determined
largely by the core alloy, which has been altered.
The yield strength of annealed 25-grade aluminum,
for instance, is 5000 psi, whereas the 17% ura-
nium-aluminum alloy has a yield strength of 9000
psi, based on a 0.2% offset at room temperature.

The change does proportionately lower the
amount of corrosion protection afforded, It is felt,
however, that 15 mils of cladding would be more
than adequate to protect the alloy core, which, by

itself, exhibits fair corrosion resistance to water, -

Exomination of elements at ORNL after ten months

of service in the Bulk Shielding Reactor failed to -

reveal any pitting type of attack or other corrosion
phenomena, Service in static water, such as in
the BSR, is more severe corrosion-wise than is
the 30-fps water velocity condition that exists in

the MTR,

- Neutron-wise, it is certainly advantageous to
replace aluminum with water, Furthermore, only
1 to 2 mils of aluminum is required to stop sec-
ondary neutron recoils.

Construction of the 19-plate element presents
no manufacturing problems.  Several full-sized
units were prepared to establish the dimensions,
and each unit met specifications in all respects,
Also, an enriched fuel element was fabricated for
service in the LITR,

The possibility of lowering the aluminum clad-
ding to 10 mils.was checked, but analysis revealed
that the water-flow area would increase appreci-

ably, that is, by 14.5%,
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Results of this and the other modifications dis-
cussed are summarized in Table 28. For com-
parative purposes, cross-sectional views of the
present, thin side-plate units and of the 19-plate
fuel element are shown in Fig, 20,

The cladding was dropped in increments of 5
mils so that the commercially available, aluminume
stock gages could be used in the Alcladding oper-
ation, Actually, the cladding could be reduced
in increments of, say, 1 mil but this would require
an additional rotling operation and, hence, .o
greater cost per unit,

Proposed Change in the Lower Stainless Steel
Section of the Shim Control Rod. It is proposed
to replace the lower stainless steel section in
the shim control rod with an aluminum extrusion
to reduce fabrication cost, This lower bearing
section is presently being fobricated from type 304
stainless steel flat stock thet must be machined,
welded, stresserelieved, and remachined prior to
assembly, Replacing this item with a 63S-grade
aluminum extrusion would eliminate most 'of the
costly labor operations, . _

The effect of this change on operational control,
as well as on the mechanical stability of the new
rod, was investigated by Gall.® Changes in
magnet release and drop time were calculated.
Also, the stresses produced in the proposed
aluminum member by shock on the rod when dropped
with full water flow were checked by. two methods
of analysis.

In conclusion, the study predicted that: the
change would: (1) decrease the fabrication cost
by approximately $300; (2) increase the drop plus
magnet release time, under conditions of no water
flow, by 10%; (3) produce a stress in the aluminum
extrusion, caused by shock on the rod when
dropped at full water flow, of less magnitude than
exists in the bottom of the fuel section of the
existing design. These predicted effects should
be confirmed by conducting drop tests, Specifi-
cations on the new, aluminum, lower section are
given in’ engineering drawing TD-3038.

MTR Replacement Fuel and Control Rod Ele-
ments, The 13 reactor loadings of standard (‘z‘-'
inesthick side- plates and 60-mils-thick active
plates) "enriched fuel and control elements on
order for calendar year 1952 were completed ac-
cording to specifications and shipped to Arco.

3w, R. Gall, MTR Shim R i ing
. R. od Al Lower B
Section, ORNL, CF-52:11-216 (Nov. 29, 1952« o "8




STANDARD 18-PLATE UNIT THIN SIDE-PLATE UNIT . NEW 13- PLATE UNIT

Al TO H,0 “RATIO : 0.716 Al TO H,0 RATIO=0.667 . Al TO H,0 RATIO = 0.565

‘oélh‘vly4‘yl‘11‘-‘\41\21

Fig. 20. Cross-Sectional View of Present and Modified MTR Fuel Assemblies.
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Shipment on the last loading was made early in

December. in addition, three, spare, beryllium-

cadmium control rods were fobricated and for-
“ warded.

An experimental loading of ‘‘sweetened’’ fuel
elements was completed and shipped to the site in
time for the scheduled February 1, 1953 reloading
date. These units were fabricated according to
specifications -determined in discussions at the
December meeting; 4-in.-thick aluminum side
plates with shallow-groove joints. were used, and

D
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the side plates were flooded with an excess of
flux and brazed at a slightly higher temperature
than that normally used.
Inspection revealed that all 23 units were well
within dimensional tolerance. The maximum devi-
ation of water-gap spacing, for instance, was
opproximately 117 £ 0,006 mils, or to within +5%
of the specified spacing and the average deviation
was about 3%,
) "Fuel and Control Rod Elements. The

¥ ihitiai T58ding of enriched uranium-aluminum alloy

No; of fuel plates 18 18 18 19 19 20
.Side=plate thickness, in. o 0.188 0.125 0.125 0.125 0.125 0.125
Cladding-core-cladding thickness, mils| 20.20.20 20-20-20 15.20-15 15-20-15 10.20.10 10.20-10
Water-gap spacing, in. 0.117 0.117 0.128 0.18 0.129 0.118
Al-to-H,0 ratio 0.716 0.667 0.529 0.565 0.439 . 0.464
Areas and Volumes of Materials in Lattice*
Aluminum
Area, in2 111,747 107.929 95.923 99.189 86,861 89.460
Volume, in. 2639.688 2549.499 2265.893 2343.043 2051.831 | 213,224
Water
Area, iﬂ-2 152,797 156.615 168.621 165,332 177.660 175.015
Volume, in, 3609.371 | 3699.560 | 3983.165 | 3905.473 | 4196.685 | 4134.204
Increase in areo, % 2.5 10.4 8.2 16.3 14.5
Al-to-H 20 ratio 0.731 0.689 0.569 0.600 0.489 0.511
U235 :
Area, in2 0.607 0.607 0.607 0.628 0.628 0.671
Volume, in.3 14,339 14.339 14.339 14,835 14.835 15.850
U234 o
Area, il'l.2 0.007 0.007 - 0.007 0,007 0.007 0.008
Volume, in. 0.165 0.165 0.165 0.165 0,165 0.189
U23B
Area, in.2 0.037 0.037 0.037 0.039 0.039 0.041
Volume, in3 8.740 8.740 8.740 9.213 9.213 9.685
Total uranium
Areo, irl.2 0.651 0.651 0,651 0.674 0.674 0.720
Multiplication Constonts ’
koo 1.682 1.079 1.6711 1.685 1.677 1.702
k." 1.218 1.227 1.253 1.258 1.277 1.289
*Total orea in active core = 9.2137 X 26.7827 = 265,195 in:’
Total volume in active cors = 265,195 X 23.622 = 6264,44 in.3
.o . L] . -
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TABLE 28. AREAS AND YOLUMES OF MATERIALS IN THE MTR ACTIVE LATTICE FOR SEVERAL FUEL

UNIT DESIGNS FOR THE 3- BY 9-SLAB LATTICE 23.622 in. (60 em) IN LENGTH

Fuel Unit Description




METALLURGY DIVISION®

- fual elements

-s been manufactured and

W‘ The loading consists of

30-of the standard, Bulk Shielding Reactor type

of fuel element, 4 special fuel sections to house

control rods, and 3 partial units containing 5, 9,

and 14 active plates,

Unfortunately, delivery of the units has been
delayed for over a month awaiting proper authori-
zation for shipment, * The units are being stored
in o vault for safe keeping until authorization for
shipment-is received.

"NAA" Alclod Uranium-Aluminum Alloy Plates,
. During the quarter, work was initiated on an order
" for 330 Alclad uraniume-aluminum alloy plates for

physical mockup tests at North American Aviation,

in. connection with the Uranium<Converter Reactor,

Some trouble is being experienced in manufacturing

these high-uranium-content plates because of seg-

regation during solidification of the alloy.

Ninespound melts of 26 to 27 wt % uronium were
prepared by the direct alloying method and cast
into tilted graphite molds. Analysis of samples
taken from the casting revealed a 1 to 1.5% vari-
ation in uranium content from top to bottom of the
castings, as well as some side-to-side segregation,
Tolerance on the uranium content in each core is
stringent, that is, 8.79 1 0,08 grams.

/
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Despite the segregation problem, an attempt is
being made to obtain alloy cores that are within
the tolerance by using the density method. An
experimental plot of density of the alloy as o
function of composition has been obtained, This
curve ogrees well with the theorstical curve, ex-
cept that it is slightly displaced. By determining
the density of the individual cores, the uranium
content in each core can be obtained from the
curve,

Methods of reducing segregation in this alloy
are being investigated. Such expedients as chill
casting in cast iron, thinner cross section molds,
and a 0.2% addition of titanium to the melt have
failed to greatly reduce the amount of segregation
encounfered,

In preliminary tests, the possibility of preparing
high-uranium-content plus aluminum compacts by
powder metallurgy techniques appears to be prome
ising, Cores of the MTR type, prepared by cold
pressing a mixture of U;0, and high-purity alue
minum powder, show densities of the order of 90
to 95% of theoretical. Uranium oxide in the form
of U0, is preferred because of its stability to
the thermal treatment required during the subse-
quent jacketing and cladding operations that are
done in air.
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