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PERIOD ENDING JANUARY 31, 1953 P" 

removal of carbon from a probable sol i  ' solution and reduction of area, is lowered gradually by the 
addition of small amounts of silicon. The data by the formotion of vanodium carbide. 

Additions of vanodium above obout 1.2% appear are presented in Table 2. 
to harden the thorium. However, the rote of hard- I t  seems desirable at this time for addit ional 
ening, or, for thot molter, of strengthening, is alloys of higher si l icon content to  be prepared for 
not too marked. Therefore, by disregarding any study. Knowledge of properties of such al loys 
probable effects of h w t  treotment, i t  may be con- would be direct ly applicable to several problems 
cluded that vanadium does not appear to be o relotina to reactor material desian. 

d 

potent alloying element for thorium. 

omounts of s i l icon to Ames thorium tend to in- 
crease the strength properties and hordness gradu- 
ally. Ductility, as measured by per cent elongation 

Thorium-Silicon Alloys. Additions of small PHYSICAL PROPERTIES OF THORIUM 
R. E. Adorns 

Previous work indicated that a sharp increase i n  
the electrical resistance of thorium occurs i n  the 

T A B L E  1. EFFECT OF VANADIUM ON THE PROPERTIES OF AMES THORIUM 

Annealed for hr ot 75pC oiter cold rvopinp obout 50% 

CHEMICAL COMPO TENSILE 
iTRENGTH 

(psi) 

30.9C10'bJ 

29,300(cJ 

27,4OOfCJ 

33,600(dJ 

39.sdbJ 

36,7dbJ 

'IELD STRENGTH PROPORTIONAL ELONGATION REDUCTION 
AT 0.2% OFFSET LIMIT IN 1.5 in. OF AREA 

(%) 
HARDNESS 

( P d  ( p s i )  (%) 

20.WO(bJ 16,200(bJ 47.0fbJ 57.01bJ 78' 

16,600(cJ 13,70OfEJ 51.0(cJ 62.ddJ 75 

16,300(dJ 1 I,AW(dJ U.ddJ ss.o(d' 81 

20,AWfbi 12,lW'bJ 26.0(b' 4O.OfbJ 93 

17, 900(cJ 13,7OOfcJ 57.O(FJ &.@I 65 

20,20O(bJ 12,700(bJ 28.dbJ 50.0fbJ io0 

(a'Also contains ~ I O C C  impurities of Be, AI, Fe, N, t o ,  Mg. B, Cd, and Zn. 

'bJAveroge of four tests. 

fE'Average of three tests. 

'd'Averoge of two tests. 

(e'Values oppear to be high and wil l  be checked. 

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

Annsalod lor 4 hr a i  75OoC a l ter  cold reductton of obout 85% 

CHEMICAL COMPOSITION (%) 
TENSILE YIELD STRENGTH PROPORTIONAL ELONGATION REDUCTION HAR, 

IN 2 an. OF AREA STRENGTH AT 0.2% OFFSET LIMIT 
5 ,  (%) R o c k w d l  H VHN b . 8 )  (P.,) (P.4 (a) 

&CJ 

n'" 

C Th'" 

71") 

0.032 0.032 Bdanc. 25.7W'bJ IS.OOO(bJ P.60OfbJ Sl.O(bJ Y.O(bJ 8 9 ' 9  

0.077 0.037 Bolonc. 27,7WfbJ 16.70dbJ 11.000(bJ U . O ( b J  Y.O(bJ  91") 

0.110' 0.041 Balanc. 29,8WfbJ 18.7WrbJ 12, 7 d b J  42.dbJ 48.dbJ 95''' 

(oJAlso contains trace impurities of Be, AI, Fe, N, Co, Mg, B, Cd, and Zn. 
(b'Averoge of two tests. 

("Average of ten readings. 
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temperature range of about 1325 to 1450OC. In an 
effort to ascribe a reasan for this, investigations 
are being made to learn whether any other proper- 
ties of thorium undergo changes i n  this temperature 
region. 

Preliminary experiments have been mode to 
measure the coefficient of thermal expansion of 

thorium at high temperatures. The data obtained 
thus far indicate that no significant discontinuities 
occur in the thermal expansion VS. temperature 
curve between about 900 and 1600°C. Since the 
test methods were somewhat crude, the coef- 
ficients of expansion of thorium are not accurately 
known. Some im'provements in technique have been 
adopted, and later tests with iron have indicated 
that the phose transformation between alpha and 
gamma iron, and between gamma and delta iron, 
are clearly indicated. Additional tests with tho. 
rium w i l l  be made in the near future. 

RADIATION DAMAGE OF THORIUM 

R. E. Adams R .  H. Kernohan'2) 

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 and scope of 
the program w i l l  be described here. 

L l T R  Irradiation Experiments. Several thorium 
test specimens are now being irradiated in the 
LITR at an approximate flux of 4 x 1 O I 2  neu- 
trons/cm2. sec. A detailed description of  the 
specimens was given i n  ORNL-1366.'3' Irradiation 
of the cylindrical and the hardness test specimens 
started on August 19, 1952, and the tensile and 
impact specimens were put i n  the reactor on De- 
cember l ,  1952. The specimens w i l l  be exposed 
for s ix  months. 

Plans hove also 
been mode for irradiation of thorium in the MTR. 
Specimens w i l l  be irradiated at o flux of about 
10" neutrans/cm'.sec. One set of specimens 
w i l l  be exposed for s ix  months; a duplicate set 

* 

MTR lrrodlation Experiments. 

12)So1td Stote Division. 

(3 )R .  E. Adorns, Met. Div .  Qua,. Prop. Rep. Ju ly  31,  
J952, ORNL-1366, p. 10. 

w i l l  be exposed for one year. The specimens w i l l  
be canned i n  capsules containing l iqu id  NaK to 
provide good heat transfer between the specimens 
and the capsule walls. 

Each set of specimens w i l l  contain the fol lowing 
samples: 
1. two cylindrical test specimens, 0.204 in. i n  

diameter and 4 in. long, which w i l l  be used to 
study changes in dimensions, dynamic elast ic 
modulus, electrical conductivity, and thermal 
conductivity; 

2. four impact test specimens, 0.204 in. in di- 
ameter and 4 3  in. long, each of which can be 
broken in four places; 

3. twelve hardness test specimens, 0.204 in. in 
diameter and !i in. thick, which are for study 
of changes in hardness and possible effects of 
Postirradiation annealing. 

A test program is  also being planned for in- 
vestigating the effects of irradiation damage in 
thorium containing U2" as an alloying addition. 

Tentatively, i t  i s  planned to irradiate a 99% Th- 
1% U 2 3 5  alloy, and to approximately duplicate the 
present experiments scheduled for MTR irradiation. 

PROPERTIESOF 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 
were described in o previous report.") Variations 
in the impurity content of the individual melts 
affected the physica'l properties of the material to 
such a degree as to make the data noninterpretable 
for the purpose for which the experiments were 
designed. A purchase order has been placed with 
the Vacuum Metals Carp. for 20 f t  of i - in . -d ia  
"Nivoc" (high-purity, gas-free nickel). This ma- 
terial i s  produced in 200-lb ingots, and therefore 
it i s  possible to obtain specimens that are more 
homogeneous than those obtained from individual 
melts. When this material i s  delivered the experi- 
ments w i l l  be repeated. 

J952, ORNL-1366, p. 10. 
(4)W. J. Fretasue, Met. Div. Ouar. Prog. Rep. J u l y  31, 
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HRPMETALLURGY 

W. J. Fretague 
n E. C. Mi l ler  

SERVICE TO CORROSION AND ENGINEERING 
GROUPS 

Examination of a sample holder of type 304 
stainless steel has established the susceptibility 
of a sensitized, austenitic, stainless steel to  
intergranular corrosion attack in uranyl sulfate 
containing 100 g of uranium per l i ter at 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 variables as mechanical work- 
ing, heat treatment, and various descaling pro- 
cedures.. 

Valve parts of titanium and speciol stainless 

corrosion loops, and evaluated metallurgically. 
This work i s  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 combinations of passes, by using 
bare rod f i l le r  metal in the inert-gas shieldedlrrc 
method, and by using coated electrodes in the 
conventional, metol-arc welding method. Similar 
work has been done io the welding of type 347 
stainless steel to  a boiler grade of carbon steel. 
Tentative procedural specificotions and a welder's 
qualification outline have been m i t ten  for the 

welding of type 347 stainless steel. 

IATION DAMAGE STUDIES 

e has been given to the Solid State 
the selection and preparation of impact 

far exposure in the Oak Ridge graphite 
in the LITR. The materials prepared 
vera1 carbon steels, austenitic stain- 
, and titanium o f  various grades. 

PROPERTIES OF TITANIUM 

W. J. Leonard 

titanium, as well  os on high-purity iodide ti- 
tanium - as machined, as exposed to uranyl SUI- 
fate under stat ic and under dynomic corrosion 
conditions, and after cathodic01 treatment - for 
the purpose of investigoting the possibi l i ty of 
contamination ond embrittlement by hydrogen during 
the course of reactor operation. 

The l imited results available to date are en- 
couraging i n  that they do not indicate that uronyl 
sulfate corrosion adds any appreciable amount of 
hydrogen to  commerciol-purity titanium or that i t  
becomes ony more embrittled os a result of the 
corrosion. It should be remembered, however, that 
the tests are not sufficiently complete to be con- 
clusive and that the commerciol-purity titanium 
was rather br i t t le  even before the efforts to intro- 
duce hydrogen. 

FABRICATION 

E. S. Bomor 

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. Ransohoff of the Reactor 
Experimental Engineering Division suggested the 
possibi l i ty of applying the catalyst to a metallic 
surface, which could serve as the high-temperature 
side of a heat exchanger. The need for a large 

The structure of metal bui l t  "p by using a w i r e  
reacting areo led to the work described below. 

! 

or powder spray gun i s  inherently porous-and has\ 
a relat ively rough finish. Since these properties . 
provide increased surface area, it was decided to  
investigate the possibi l i t ies of these methods of 
fabrication. Experimental lengths of \-in.-OD 
tubing were prepared by spraying stainless 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, a 
thin layer of- a brazing alloy was applied to the 
tube before spraying. 

Approximately 0.005 in. of Nicrobraz alloy was 
aeplied to the tube by using a powder pistol. Thi? 
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CERAMICS RESEARCH 
J. M. Warde 

C. E. Curtis 
L. M. Doney 
5. D. Fulkerson 
J. A. Grif f in 

J. R. Johnson 
A. J. Taylor 
G. D. White 

T. N. McVoy, Consultant 
/- m u l t o n t  ---- 

Further work i n  the radiation damage studies 
awaits the results of exposures of ceromic speci- 

banding observed in specimens of quortz ir(adiated 
with o cobalt source were mode (Fig. 17). It i s  
believed that these bands ore f-center phenomena 
resulting trom trace impurities i n  the quortz. It 

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

mens at Hanford. Some additional studies I of the 

. , [.found. 

with Kennametal 15111, has been tested for cor-' 
rosion resistance in fluorides, sodium, and lead. 
These materials appear to be very promising. The 
Kennametal 151- showed no attack a t  800°C for 
100 hr in sodium, leod, and fluoride No. 14. A 
slight surface leaching was observed on the ZrC- 
Fe cermet i n  both sodium and fluoride No. 14. 

The development of fuel elements using combi- 
nations of Sic-Si and USix was started. The Sic-Si 
body i s  prepared by heating at looO°C for 1 hr a 

. 
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mixture of 50% graphite (2 micron) and 5 K  wheat 
flour. The resulting porous body is  then placed 
i n  a graphite container together with powdered 
silicon, and the container i s  heated by resistance 
to 2000°C. at which temperature silicon carbide 
is  formed, with on accompanying exothermic re- 
action, while molten si l icon i s  simultaneously 
absorbed by the body. The resulting cermet ap- 
pears to have o well-bonded structure that i s  free 
from voids. Further work i s  i n  progress to de- 
termine the physical properties of this material. 

An investigation of the preparation of USix has 
commenced. A material containing obout 905 USi,, 
5'3 USi,, and 5% UO, has beer successfully pre- 
pored by heating uranium metal in contact with 
si l icon at 17OOoC. I t  i s  necessary to  hove o very 
pure argon or helium atmosphere for this reaction. 

Preliminary designs o i  on in-reactor high-temper- 
ature test r ig were mode. I t  i s  proposed that o 

design be prepared for a small chamber about 4 in. 
i n  outside diameter and 12 in. long with two con- 
centric comportments; the inner comportment w i l l  
be for containing ceramic fuels, and the outer 
compartment w i l l  contain water cooling coi ls that 
w i l l  serve to cool both the container and any hot 
gases from the inner fuel element chamber. The 
following gas cycle i s  to  be used: out-of-reoctor 
pump to inner chamber to  outer chamber to out-of- 
reactor radioactive counting r ig to out-of-reactor 

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 o s  o reactor 
material, i t  was shown that f ir ing temperatures of 
1400 and 1600°C (held for 1 hr) are insufficient 
to v i t r i fy  pure thorium oxide. Fir ing at 1800'C 
and the effects of additions of alumina, silica, 
zirconia, and of other ingredients in promoting 
vitr i f icat ion at lower temperatures are beins in- 
vestigated. Meosurements of the resistance of 
thoria to autoclaving ore 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-cost and fired at 1600°C for 
the Experimental Engineering Deportment. The 
cylinders are to be used in testing the thermal 
conductivity of thorium oxide at room temperature. 

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

FABRICATION OF SPHERES FROM CERAMIC. 
MATERIALS 

A loboratory method for producing small ( k  ta  
!$ in. in diameter) spheres from powdered ceramic 
materials i s  being worked out. This technique 
wil l ;  be employed for the production of uranium 
oxide pellets and w i l l  be useful for various other 
oppl icctions. j 

VAPOR COATING OF BERYLLIUM OX ID^ 
The coating of graphite by the vapor decompo- 

;ition method has been described by Kertesz et 
o f . ' ' )  Because hot-pressed beryllium oxide Sam- 

ples hove, in the post, shown a tendency toward 
particle disintegration when Jynomically tested in 
l iquid NaK, i t  was thought that o cooting of silicon, 
si l icon carbide, or some of the r-froctory metals 
might retard, i f  not completely stop, this disinte- 
gration. Accordingly, on apparatus for vapor depo- 
sition experiments has been rigged and on investi- 
gation commenced under the ioint auspices of the 
Ceramic Laboratory and the i Chemistry Sec- 
tion. . So far, i t  has been esroolished that hot- 
pressed beryllium oxide specimens con be coated 
by this method by passing SiCI, vapor in a hy- 
drogen atmosphere over heofed specimens of be- 
ryl l ium oxide. l t  was found tha't unless the speci- 
men temperature i s  kept in the range 900 to 950°C, 
and the flow of vapors i s  kept at a very low rote, 
the coatjng i s  deposited too rapidly and i t  i s  too 
thick orad too uneven. Such a coating spolls off 
readily, when cooling. For si l icon carbide coltings, 
in the' preparation of which SiCI, and kydrogen 
vgpors are f i rst  bubbled through l iquid tolLene on& 
then passed over the heated sample, the some 
operating conditions hold, This popping off of 
the heavy coating i s  due, in port, to the wide 
difference i n  the coefficients of exponslon of the 
materials involved. , A  specimen of silicon that 
wos successfully coated with a thin and uniforr.8 
c w t i n g  was submitted 

or o ZW-hr dynamic test In 

l iqu id  NoK. Risul i 's 'of this test are not yet ovoil- 
able. Also, o specimen of beryllio presumably 

"'F. K e r t r r i  H. C. Brars f i e ld ,  ond L. M. Doney ,  
Cooting G k p h t t ;  v r t h  Sr l icon  and wrth Siltcon Corbide 
by the Vapor Decomposition Method, NEPA-1553 ( A c g .  I; 
1950). 

-. 

.. 0.. . 
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core thickness i s  believed to be due to the differ- 
ence in plast ici ty between the two moterials at 
ro l l ing temperatures. 

Th is  defect can be portly corrected by using 
either 24ST- or 52s-grade aluminum to back up or 
st i f fen the 2S-grade oluminum cladding. However, 
th is  results i n  either a 5- or 7-ply sandwich, de- 
pending on whether or not 2s-grade aluminum i s  
desired as the outer cladding material. 

Three Alclod, enriched, uranium-thorium al loy 
plates, 8 in. long, 1 in. wide, onrl 0.072 in. thick, 
and one plate 28 in. long, 1 in. wide, and 0.072 in. 
thick, were fabricated far irradiation testing i n  the 
MTR. The alloy core used in  the preparation of 
these plates was composed of 98.8% thorium and 
1.2% highly enriched uranium metol. 

The cladding techniques developed and proved 
to  be successful for c!adding Ames thorium metal 
with zirconium were tr ied on a 4% uranium-thorium 
alloy. The brazing and the diffusion-anneal clad- 
ding techniques appear to work equally well  on 
th is  thorium-rich alloy. 

The brazing-in-vacuum technique, i n  which a 
brazing alloy of 22% zircoeIirm-thorium alloy i s  
used, was ful ly described in o previous report!') 
The diffusion-onneal method consists of picture 
framing the alloy i n  zirconium ond canning the 
entire compact i n  a stainless steel iacket for 
oxidation protection during hot rolling. After 
evacuation through an exhaust tube, the assembly 
i s  sealed by hot forging. The use of  NBS ceramic 
frit A-418 coated on the stoinless steel prevents 
the formation of  the iron-zirconium eutectic during 
the diffusion-anneal treatment. 

FABRICATION OF URANIUM-ALUMINUM 
ALLOYCOMPONENTS 

J. H. Erwin 
J. N. H i x  
G. E. Cooley 

G. D. Goldstan 
H. J. Wallace 
W. W. Proaps 

E. R. Turnbi l l  

MTR Experimental Studies. Work on the problem 
of improving the operational performance of the 
MTR continues. Techniques hove been found that 
minimize the amount o f  poisonous brazing flux 
entrapped i n  the fuel element during manufacture. 
The VAI-to-V rat io can be safely lowered by 

cautious modifications of the fuel element design, 
H ? O  

( I )J .  E. Cunningham e t  01.. Met. Div. Quar. Prop. Rep. 
July 31, 1952, ORNL-1366, p. 14. 

The poposed substitution of on aluminum extrusion 
for the lower stainless steel beoring section i n  the 
shim control rod w i l l  not adversely offect either 
operation01 control or the mechanical stabi l i ty of 
the rod. 

Results o f  this work were discussed i n  detoi l  
with members of the Phi l l ips  Petroleum Co. and 
the Idaho Operations Of f ice at a meeting held i n  
December.(2) Recommendotions 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, and (3) thot 
the Phi l l ips  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. 

Although 
not known with certainty, it was strongly suspected 
thot 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 mechonism 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 in i t ia l  phase consisted of investigating the 
effect .of higher brazing temperature, ioint design, 
and techniques of  applying the flux. No attempt 
was made to alter the composition of the flux. Th is  
work i s  now complete and the important results 
ore summarized i n  Table 27. 

A l l  tests were run on full-sized, dummy, alumi- 
num fuel units. After brazing, the units were 
carefully dissolved by the Chemicol Technology 
Div is ion and the solution was analyzed for lithium 
cantent by the flame photometer method. The 
accuracy of the determination i s  better than 2 ppm 
a t  a 95% confidevce level. In a l l  but the f irst test, 
brazing flux from the same botch was used to 
remove the variable of change in  flux composition. 
Analysis showed that this f lux contained 4.72% 
lithium and 54.0% chlorine. 

The amount of chlorine and f lux .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 

Studies to Eliminate Flux Entrapment. 

. 

("J. E. Cunningham, MTR Fuel and Control Rod €le- 
ment Meeting, ORNL CF-53-1-150 (Jan. 14, 1953). 



BRAZING CYCLE AMOUNT PER UNIT (9) 
TEST 

I I I I 

x.21. 1 IO5 0.17 

x-22' I l l 5  

X-23" 11 15 

* S d e  plote, nn. thnck, ruth shal lox groove lomi.  

'*Some os X-21 except for change m tachnoqus of applying flux. 

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

The values of loss in l k / k  were calculated on 
the bosis of o 3- by 9-slab loading arrangement of 
140-9 elements with a total poison cross section 
of 7700 cm2. 

The results of the brazing tests show that the 
* combination of higher brazing temperature, 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 112OOF were not success- 
ful because the braze metal alloyed excessively 
with the 2s-grade aluminum side plate at this 
temperature. 

. 

In the second phose of the investigation, the 
work wos centered on the problem of developing 
a new bra-ing f lux that i s  essentially free of 
lithium and chlorine. Several special fluxes pre- 
pored by Alcoo and Permolotem were tested, with 
unsuccessful results. 

A new bromide-bose flux, developed at ORNL, 
showed promise during in i t ia l  testing. .The flux i s  
prepared from a base mixture of 20 parts of barium 
bromide, 60 of calcium bromide, and 20 of sodium 
bromide, with 2~por ts  o f  either CaCI2'of SKI, 'and 
1 \ parts of ZnCI; added. Testing i s  incomplete. 

A/-to-H20 Ratio. Another approach - to  enhance 

the performance of the reactor i s  to alter the fuel 
element design to obtoin a lower VA,-to-V ' ratio 

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

Design and Fobricotion Studies to Improve the . 

- H z O  

The t irst change investigated wos that of re- 
ducing the side-plate thickness from t 6  to \ inch. 
This  lowered the Al-to-H20 ratio i n  the active 
latt ice to 0.689 and increased k,,, by opproxi- 
mately 1%. The water flow area increased 2.5% 

A dozen or more full-sized units of thls design 
were successfully mocked up according to specifi- 
cations, and no monufocturing dif f icult ies were 
found. Subsequently, an enriched fuel element of 
the same design was fabricated and transferred 
for service in the LITR. 

The second modification considered was that of 
decreasing the cladding on the fuel plate from 20 3 
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to 15 mils. The combinotion of this change plus 
the thin-side plate drops the AI-to-H,O ratio in  the 
active latt ice to 0.569, but the water gap in- 
creases from 117 to 128 mils. 

No attempt was made to fobricote th is  particular 
unit  because of the obiectionoble 'increose 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 an Al-to-H20 rat io of 0.600, ond, more im- 
portantly, i t  increases k,,, by approximately 4%. 
A portion of this gain, however, i s  due to the extra 
fuel present because of the added plate. The 
water-flow areo is  increosed appreciably, that is, 
by 8.2%. 

Ir should be pointed out that this change does 
not moteriolly weaken the fuel plate structurally, 
because the strength of the member i s  determined 
largely by the core alloy, which has been altered. 
The yield strength of annealed 2s-grade aluminum, 
for instance, i s  5000 psi, whereas the 17% ura- 
nium-aluminum alloy has a yield strength of 9000 
psi, based on o 0.2% offset at room,temperature. 

The change does proportionately lower the 
amount of corrosion protection afforded. I t  i s  felt, 
however, that 15 mils of cladding would be more 
than odequate to protect the al loy core, which, by 
itself, exhibits fair corrosion resistance to water. 
Exominotion of elements at ORNL after ten months 
o f  service i n  the Bulk Shielding Reactor fai led to  
reveal any pit t ing type of attack ar other corrosion 
phenomeno. Service i n  static water, such as i n  
the BSR, i s  more severe corrosion-wise than is  
the 30-fps woter velocity condition that exists i n  
the MTR. 

Neutron-wise, it i s  certainly advantageous ta 
replace aluminum with woter. Furthermore, only 
1 to 2 mils of aluminum i s  required to stop set- 
ondary neutron recoils. 

Construction of the 19-plate element presents 
no manufacturing prob1,ems. Several fu l l -s i red 
units were prepared to establish the dimensions, 
and each unit met specifications i n  a l l  respects. 
Also, an enriched fuel element was fabricated far 
service i n  the LITR. 

The possibi l i ty 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%. 

Results of this and the other modifications dis- 
cussed ore summarized in  Table 28. For cam- 
parative purposes, cross-sectional views of the 
present, thin side-plote units ond of the 19-plate 
fuel element ore shown i n  Fig, 20. 

The cladding was dropped i n  increments of 5 
m i l s  sa that the commercially available, aluminum. 
stock gages could be used in the Alcladding cper- 
ation. Actually, the cladding could be reduced 
i n  increments of, say, 1 mi l  but this would require 
an additional rol l ing operation and, hence, a 
greater cost per unit. 

Proposed Change in the Lower Stainless Steel 
Section of the Shim Control Rod. I t  i s  proposed 
to  replace the lower stainless steel section i n  
the shim control rad with on aluminum extrusion 
to reduce fabrication cost. This lower bearing 
section i s  presently being fabricated from type 334 
stainless steel f la t  stock thot must be machined, 
welded, stress-relieved, and remachined prior to  
assembly. Replacing this item with a 63S-grade 
aluminurn extrusion would eliminate most 'of the 
costly lobor operations. 

The effect of this change on operational control, 
as well  as on the mechanical stabi l i ty of the new 
rad, was investigated by ~kll.(~) Changes i n  
magnet release and drop time were calculated. 
Also, the stresses probced in the proposed 
aluminum member by shock on the rod when dropped 
with full water flow were checked by. two methods 
o f  analysis. 

I n  conclusion, the study predicted that the 
change would: (1) decreose the fabrication cost 
by approximately $300; (2) increose the drop plus 
magnet release time, under conditions of no woter 
flaw, by 10%; (3) produce a stress i n  the aluminum 
extrusion, caused by shock on the rod when 
dropped at full water flow, of less magnitude than 
ex is ts  in the bottom of the fuel section of the 
existing design. These pedic ted effects should 
be confirmed by conducting drop tests. Specifi- 
cations an the new, aluminum, lower section are 
given in'engineering drawing TO-3038. 

MTR Replacement Fuel and Control Rod Elm 
ments. The 13 reactor loadings of standard (%6- 
in.-thick side plates and 6041s- th ick active 
plates) enriched fuel and control elements on 
order far calendar year 1952 were completed ac- 
carding to  specifications and shipped to  Arca. - 

(3'W R Gall MTR Shim Rod Aluminwn Lower Bearing 
Seaio;, i)RNL,'CF-52-11-216 (Nov. 29, 1952). 

-. . . . ._ . . 
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Shipment on the last loading was made early i n  
December. In  addition, three, spare, beryllium- 
cadmium control rods were fabricated and for- than that normally used. 

the side plates were flooded with an excess of 
flux and brazed at a sl ightly higher temperature 

.I worded. Inspection revealed that all 23 units were well 
An eqerimental looding of "sweetened" fuel within dimensional tolerance. The maximum devi- 

elements was completed and shipped to  the s i te  i n  at ion of water-gap spacing, for instance, was 
time for the scheduled February 1, 1953 reloading approximately 117 f 0.006 mils, or t o  within +5% 
date. These units were fabricated according to o f  the specified spacing and the overage deviat.ion 
specificotions determined in discussions a t  the wos about i3%. 
December meeting; k-in.-thick aluminum side I _,_ The 
plates with shallow-groove joints were used, and i n l t m d i n g  o f  enriched uronium-aluminum al loy 

"fuel and Control Rod Elements. 

TABLE 28. AREAS AN0 VOLUMES OF MATERIALS IN THE MTR ACTIVE LATTICE FOR SEVERAL FUEL 
UNIT DESIGNS FOR THE 3- BY 9-SLAB LATTICE 23.622 in. (60 cm) IN  LENGTH 

Fuel Unit Description 

No. of fuel plates 18 18 18 19 19 20 
Sids-plate thickness, in. 0.188 0.125 0.125 0.125 0.125 0.125 
Claddingsaresladding thickness, mi ls 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 0.118 0.129 0.118 
AI-ta-H20 ratio 0.716 0.667 0.529 0.565 0.439 0.464 

Areas rmd Volumes of Materials in Lattice' 

Aluminum 
Area, in.' 
Volume, in.3 

Area, in.' 

Volume, in? 
Increase in area, fb  

Al-to-H20 ratio 
$35 

Water 

Area, in.' 
vo~une, in.' 

kea. in.2 

Volume, in.' 

kea,  in.' 

Volume, in.' 
Total uranium 
kea. in? 

,,234 

u238 

111.747 
2639.688 

152.797 
3609.371 

0.731 

0.607 
14.339 

0.007 
0.165 

0.037 
8.740 

0.651 

107.929 
2549.499 

156.615 
3699.560 
2.5 
0.689 

0.607 
14.339 

0.007 
0.165 

0.037 
8.740 

0.651 

95.923 
2265.893 

168.621 
3983.165 
10.4 
0.569 

0.607 
i4.339 

0.007 
0.165 

0.037 
8.740 

0.651 

Multiplicatian Canstants 

kao 1.682 1.079 1.6711 
1.218 1.227 1.253 k.ff 

'Total -a in actin COT. = 9.2137 X 20.7817 = 265.195 in.' 

Total rolvnw in =ti- C-. 265.195 X 23.622 = 6264.44 in? 

99.189 
2343.043 

165.332 
3905.473 
8.2 
0.600 

0.628 
14.835 

0.007 
0.165 

0.039 
9.213 

0.674 

86.861 
2051.831 

177.660 
4196.685 
16.3 
0.489 

0.628 
14.835 

0.007 
0.165 

0.039 
9.213 

0.674 

{.68; 1 1.677 
1.277 

89.460 
21 13.224 

175.0 15 
4134.204 
14.5 
0.51 1 

0.671 
15.850 

0.008 
0.189 

0.041 
9.685 

0.720 

F., 
1.702 ;' 

1.289 

\ 



30 of-& standard, Bulk Shielding -Reactor type 
o f  fuel dement, 4 special fuel sections to house 
control rads, and 3 partial uni ts containing 5, 9, 
and 14 active plates. 

Unfortunately, delivery o f  the units has been 
delayed for over a month owaiting proper authori- 
zation far shipment. The units are being stared 
in a vault for safe keeping unti l  arthorization for 
shipment i s  received. 
N M  Ailclod UraniumAluminum Al loy Plates. 

During the quarter, work was in i t iated on an order 
for 330 Alclad uranium-aluminum alloy plates for 
physical mockup tests at North American Aviation, 
in connection with the UraniumConverter Reactor. 
Some trouble i s  being experienced in manufacturing 
these high-urmium-content plates because of seg- 
regation during solidif ication o f  the alloy. 

Ninepound melts o f  26 t o  27 wt X urmium were 
prepared by the direct alloying method and cast 
into tilted graphite molds. Analysis of samples 
tdcen from the casting revealed a 1 to 1.5% vari- 
ation in uranium content from top to  bottom of the 
castings, as well os some side-to-side segregation. 
Tolerance on the uronium content in each core i s  
stringmt, that is, 8.79 f 0.08 grams. 

d 

Despite the segregation problem, an attempt i s  
being made to  obtoin alloy cores that ore within 
the tolerance by using the density method. An 
experimental p lot  of density o f  the allay as a 
function o f  composition has been obtained. This 
curve ogrms wel l  wi th the theoretical curve, ex- 
cept that it i s  slightly displaced. By deterinining 
the density o f  the individual cores, the uranium 
content i n  each core con be obtained from the 
curve. 

Methods of reducing segregation in this alloy 
are being investigated. Such expedients as ch i l l  
casting in cast iron, thinner cross section molds, 
and a 0.2% addition of titanium to the melt hove 
fai led to greatly reduce the amount of segregation 
encountered. 

I n  preliminary tests, the possibil i ty of preparing 
high-uranium-content plus aluminum compacts by 
powder metallurgy techniques appears to be prom- 
ising. Cores o f  the MTR type, prepared by cold 
pressing a mixture of U 0 and highpur i ty olu- 
minum powder, show densities of the order of 90 
to 95% of theoretical. Uranium oxide in the form 
o f  U,O, i s  preferred because of i t s  stabil ity to 
the thermal treatment required during the subse- 
quent jacketing and cladding operations that are 
done in air. 

3 .  ? 
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