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A- 1 

A. ASSISTANCiE TO HAP0 

F. R. Shober 

The study of the c reep  propert ies  of Zircaloy-2 a t  elevated tempera tures  is being 
made on annealed and on 15 p e r  cent cold-worked mater ia l .  The study also includes 
the c?ffect of cyclic tes t  t empera tures  a s  well as constant tes t  t empera tures .  Long- 
terrri, 10,000 to 15,000-hr, t es t s  have been initiated on annealed Zircaloy-2. In the 
study of the corrosive action of high-temperature water  on defected Zircaloy-2-clad 
urar?ium specimens,  four additional specimens have been tested.  

The construction of the loop sys tem for  studying the ra te  of dissolution of s i lver  

The development and. evaluation of various f o r m s  of exchange 
chloride has been completed. 
leak-detection system. 
media  a r e  being ca r r i ed  out. 
loop studies.  
the rnajor effort  has  been in  the evaluation of a s e r i e s  of promixing ceramic  r e s i s to r  
com130sitions. 

This is a p a r t  of a p rogram to develop a fuel-element 

These exchange media  will  be fur ther  evaluated in  future 
In work on the development of a thermal-neutron-flux monitoring sys tem,  

The ce ramic  elements a r e  to be used for the flux-probe instrument.  

Mechanical Proper t ies  of Zirconium Alloys 

L. P. Rice and J .  A. VanEcho 

A study of the c reep  propert ies  of cold-worked (15 pe r  cent) and of annealed 
Zircaloy-2 sheet  a t  290, 345, and 400 C i s  continuing. 
creep-property determinations of the cold-worked ma te r i a l  a r e  nearing conclusion. 
seric:s of thermal-cycling c reep  tes t s  on both annealed and cold-worked ma te r i a l  i s  in  
p rogres s .  
Zircaloy-2 sheet  have been s tar ted and others  a r e  scheduled to duplicate the program 
on cold-worked sheet. 

Long-term (10,000 to 15,000 hr )  
A 

A few long-term, approximately 15,000 h r ,  c r eep  tes t s  on annealed 

Cycling Zircaloy-2 between room tempera ture  and 290 o r  345 C resu l t s  in a 
1argc:r amount of c r eep  deformation than i s  produced in  constant-temperature tes t s  when 
data for  c r eep  tes t s  of 3000 h r  duration a r e  compared. 
about 6-1/2 p e r  cent more  total  c r eep  than under s ta t ic- temperature  conditions. 
345 C, c reep  acceleration i s  s t r e s s  dependent, with the highest s t r e s s  (30,000 psi)  
prodicing about 40 p e r  cent m o r e  c reep ,  and the lowest s t r e s s  (15,000 psi)  about 
3-1/1 p e r  cent m o r e  c reep  than in  the constant-temperature tes t s .  The increase  in  
total c r eep  deformation is based only on the t ime a t  the g rea t e s t  temperature  during 
tes t .  
creel3 result ing f rom cycling is somewhat l e s s .  

At 290 C,  the cycling produces 
At 

I f  the resu l t s  a r e  compared for  total  t ime at tes t ,  then the increase  in  the total 

....................... . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ........................ 
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A- 2 

A Photographic Study of the Corrosion of Defected Fuel Elements 
in  High- Temperature  Water 

E. F. Stephan and F. W. Fink 

The lapse-time motion-picture study of the corrosive action of high-temperature 
water  on defected fuel elements was continued. 

Four  elements were  studied this month. The same type of failure observed a t  
the defect previously and descr ibed in  BMI-1357 was also seen in the specimens ex- 
amined this month. 
specimens,  D-8 and a tubular specimen. Table A-1 summar izes  the data  for all the 
specimens studied so far. 

The equipment had to be modified to accomodate the large diameter  

The tubular specimen had a defective end weld. It is planned to study another 
tubular specimen a s  well as a duplicate to Specimen C-8. 
and a final repor t  will be submitted. 

This will complete the study 

Development of a Fuel-Element Leak Detector 

J. E. Howes, J r . ,  T .  S. El leman,  a n d M .  Pobereskin 

Battelle has undertaken the development of a fuel-element leak-detection sys tem 
based on isotopic o r  e lemental  halide exchange for the Hanford high-pressure water-  
cooled dual-purpose reac tor .  

The construction of the loop sys tem for studying the ra te  of dissolution of s i lver  
chloride has been completed. After con- 
eluding the study of AgCl dissolution, the fac tors  which affect the isotopic exchange \ 

react ion,  i. e .  , column s ize ,  par t ic le  s ize ,  flow r a t e ,  etc.  , will be investigated. 

This study will  be initiated in  earl;y August. 

/ The development and evaluation of var ious fo rms  of exchange media a r e  being 
ca r r i ed  out simultaneously with the above work. 
been prepared  by anodic formation of the s i lver  chloride in place.  
r ide fi lms approximately 0.  5 mil thick have been obtained by this technique. 

Si lver  chloride-coated s i lver  shot has 
Sturdy s i lver  chlo- 

The physical p roper t ies  of the s i lver  chloride-coated s i lver  shot and other ex- 
change ma te r i a l  being prepared  will be evaluated in  future loop studies.  

Thermal-Neutron-Flux Monitoring System 

D. R. Gr i e se r ,  J. W. Lennon, M. J. Snyder and C .  V. Weaver 

The objective of this p rogram i s  to develop a thermal-neutron-flux monitoring 
sys tem for the HAP0 reac to r s .  The basic unit for  the proposed system i s  a flux sensor  

. . . . . . . . . . . . . . . . . . . ' * *  :. : :. **: :: . . . . . . . . . . . . .  .... . . . . . . . . . . . . . . . . .. .. . . .  . .. e . .  ... 
- 0  0 0 0  D 0 0 . e  0 .  0 . 0 0 0  . .<.. .. 
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A- 3 

TABLE ~ - 1 .  CORROSION IN HIGH-TEMPERATURE WATER OF DEFECTED(~) NATURAL-URANIUM 
FUEL CORES EXTRUSION CLAD WITH ZIRCALOY -2 

- 
Time to First Time to Uranium 

Water Noticeable Time to First Complete Dissolved 
Temperature, Swelling at Gas Evolution, Reaction, at Complete 

hr hr Reaction, g Specinien C Defect, hr 

G - 1 1  200 8 15 24 136.95 

G-12 225 6 7.5 1 3  135.20 

G-13 

G -14 

250 1.7 2.5 10 132.28 

300 1. 0 1.5 5 119.63 

G -22 300 0. I 1.3 6.6 136.63 

30 0 0. 7 1.25 6.25 134.45 

200 0.75 1.1 6.1  135.91 G -17(1:) 

G -15 345 0.4 0.8 3.17 134.55 

C-ddl  300 0.3 0.75 2.5 156.81 

300 24. 0 49.0 54.0 335.30 

Tubullrr 30 0 0.5 0.9 5.5 366.03 

(a) Thc. defect consisted of a 25-mil hole drilled through the nominal 30-mil cladding. 
(b) Cladding was nominally 20 mils thick. 
( c )  Cladding was noininally 10  mils thick. 
(d) Specimen was beta treated and water quenched. 
(e) Specimen had uranium-2 w/o zirconium core, diffusion treatcd. 

....... ' .  ............... . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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A- 4 - 
@ based on the principle of balancing the tempera tures  of a fission heated-uraniwn fueled - 

sensing element and a near ly  identical e lectr ical ly  heated balancing element. 

In work on the development of ceramic  elements for the flux-probe instrument ,  
the major  effort  is on the evaluation of a s e r i e s  of promising r e s i s to r  compositions. 
s e r i e s  of compositions has been prepared  in which e lec t r ica l  res is t ivi ty  at room tem- 
pera ture  and U 0 2  content m e t  the specifications for a prototype element (0.  032 to 3. 2 
ohm-in. ) .  

A 

The composition range was: 

Mate rial Range, w/o  

MoSi2 37 .0  - 44 .0  

19.7 - 19.1 uo2 
A I ~ O ~  43. 3 - 3 6 . 9  

Specimens were  f i red in  a purified hydrogen atmosphere for 2 hr  at 2900 F. 

After 128 hr  at 1200 F in an argon atmosphere,  the resis tance of all specimens 
had decreased  slightly. 

In other  studies made on compositions within the range just  descr ibed,  the effects 
of using organic binders  to aid in  fabrication and of varying the par t ic le  s ize  of the raw 
ma te r i a l s  a r e  being investigated. 

In future work, the ma jo r  effort  will  be concerned with determining the stability 
of the r e s i s t o r s  when exposed under various conditions of interest .  
for fabricating r e s i s t o r s  of the required s ize  and shape will be investigated fur ther ,  a s  
will the effects on resis t ivi ty  of such var iables  as raw-mater ia l  par t ic le  s ize  and type, 
impuri t ies ,  binder addition, and mixing and fabricating procedure.  

Also, techniques 

Efforts a r e  being made to improve the brazing technique developed for  making 
integral  low-resistance junctions between the ce ramic  elements and the e lec t r ica l  
leads.  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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B- 1 

B. DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS 

R. J. Carlson anti N. E. Daniel 

3 v 
Data obtained by differential  thermal  analysis show that the binary aluminum- 

urariium and aluminum-nickel eutectic tempera tures  a r e  lowered approximately 16 C 
in  tc:rnary combination. 
w /o  uranium alloys containing te rnary  additions is being continued. 
placed upon determining the casting charac te r i s t ics  of the alloys containing up to 3 w/o 
of e i ther  tin or  zirconium and upon measuring the physical propert ies  of alloys in  the 
as-extruded condition. 

The p rogram concerned with the preparat ion of aluminum-35 
Emphasis will be 

Aluminum- U r  anium-Nickel Eutectic Allovs 

V. W. Storhok, A. A. Bauer ,  and R. F. Dickerson 

The composition and temperature  of the aluminum-uranium-nickel te rnary  
eutectic i n  high-aluminum alloys a r e  being determined. A number of alloys having 
compositions that generally bracket  the a r e a  where a te rnary  eutectic would be ex- 
pected have been prepared  by induction-melting techniques. 
by nietallographic techniques and thermal  analysis.  

These a r e  being studied 
v 

Solidus tempera tures  of these alloys a i s  determined by differential  thermal  
/analysis a r e  as  follows: ‘5 

Alloy Composition 
(Balance Aluminum), 

W/O 

13.3 uranium 
5.9 nickel 
21 uranium-3.1 nickel 
18.9 uranium- 

1.4 nickel 
15 uranium-3 nickel 
8 uranium-2.4 nickel 
8 uranium-4 nickel 
7.9 uranium- 

5.5 nickel 

Solidus 
Temperature, 

C 

640 
640 
625 

626 
6 24 
6 24 
6 22 

626 

The data show that the binary eutectic temperatures  a r e  lowered approximately 
16 C in  te rnary  combination to about 624  f 2 C at the t e rna ry  eutectic. 
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Metallography indicates that none of the above alloys has exactly the te rnary  
eutectic composition. 
p repared  containing 13. 1 w/o  uranium and 5 . 6  w/o  nickel, 12 w/o  uranium and 8 w / o  
nickel,  and 14. 2 w /o  uranium and 6.  8 w / o  nickel in  order  to aid in  i t s  location. 

Consequently, th ree  additional aluminum-base alloys have been 

PreParat ion of Aluminum-Uranium Allovs 

N. E. Daniel, E. L. Fos t e r ,  and R. F. Dickerson 

Previous experience with the aluminum-35 w/o  uranium alloys has shown that 
improvements i n  the casting and fabricating charac te r i s t ics  of the alloy can be obtained 
through the use  of suitable te rnary  additions. 
the qualities of the aluminum-35 w/o  uranium alloy a r e  silicon, t in,  and zirconium. It 
i s  believed that the improvements noted can be attributed to an increase  in  the matrix- 
to-compound rat io  that is brought about by the inhibition of the UA13-to-UA14 reaction 
and to decreases  in  p r imary  par t ic le  s ize .  
ing viewpoint, i t  i s  known to introduce complications in  the recycling processes .  
tin and zirconium should be equally as effective as silicon in inhibiting the UA13-UA14 
reaction, a program of r e s e a r c h  concerned with the optimization of the contents of these 
two additions is being continued at Battelle.  
the casting charac te r i s t ics  of alloys containing up to 3 w/o  of e i ther  tin o r  zirconium 
and upon measuring the physical p roper t ies  of alloys in  the as-extruded condition. 

Among the additions which have improved 

Although silicon is beneficial f rom an alloy- 
Since 

Emphasis  will be placed upon determining 

In the first pa r t  of the p rogram the effects of additions f rom 0. 5 to 3. 0 w /o  of tin 

Castability will be evaluated on the basis  of alloy fluidity, and on 
and zirconium on the castabil i ty and fabricability of the aluminum-35 w / o  uranium alloy 
will be investigated. 
the basis  of casting homogeneity and soundness. 
direct ly  on the basis  of the extrusion p r e s s u r e s  necessary  to effect a 16:l reduction in  a 
cas t  alloy billet, the surface condition of the extruded mater ia l ,  and the integrity of the 
as-  extruded alloys. 

Fabricabili ty will be evaluated 

Work in  the immediate future will be concerned with the production and evaluation 
of twelve, 3-in. -diameter  by 10-in. -long ingots needed for the portion of the p rogram 
outlined above. The evaluation of these ingots will include radiographic examination of 
sections f rom each ingot, metallographic examination of at leas t  two specimens from 
each ingot, and chemical analyses  and X-ray diffraction studies of selected specimens.  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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C. RADIOISOTOPE AND RADIATION APPLICATIONS 

M. Pobereskin 

During the past  month, the study of the radiation chemistry of inclusion com- 
pouiids was suspended. F o r  the sys tems investigated, there  was l i t t le o r  no difference 
betvIeen the hydrocarbon degradation produc1;s produced by i r radiat ion of the inclusion- 
compound sys tems and those produced by i r radiat ion of bulk hydrocarbons.  
yield host-guest reaction in  the u r e a  complexes was observed, but the complex nature 
of tlie reaction products is of l i t t le prac t ica l  interest .  
of t i -acers  i n  cement quality control,  the use of intr insic  t r a c e r s  for process  control, 
radj ation-induced g r a f t  polymerization, and radiation-induced nitration reactions.  

A low- 

Studies a r e  continuing on the use  

Activation analysis for  magnesium and sil icon in cement and cement raw mate-  
r i a l s  does not appear feasible. 
of aztivation of silicon-31 is too low. 
i f  ac:tivation analysis is to be pract ical .  
studied, using a phosphate precipitate and phosphorus-32 as a t r a c e r .  

Manganese-56 masks  the magnesium-27, and the degree 
Bet ter  dosimetry and standards will be necessary  

Radiometric analysis for calcium i s  being 

Laboratory experiments ,  using simulated process  solutions and copper-64 a s  a 
t r a c e r ,  a r e  being ca r r i ed  out to study the copper-removal  step of the Sherritt-Gordon 
nickel process .  
being sought as  a substitute for iron-59. 
control of i ron removal f rom the cobalt-leach circui t  of the process .  

A short-lived radioisotope, which will follow the i ron  chemistry,  i s  
This will be used to develop a system for 

In the study of fac tors  affecting graft  polymerization, the source and nature of 
f ree  radicals  in  the polymethacrylates i s  being studied using measurements  of electron 
parzmagnetic resonance. These measurements  will be continued and applied to fur ther  
gral  ting s tudie s . 

Pre l iminary  runs ,  in  the absence of radiation, have been completed for the study 
of n.ttration of hydrocarbons. 
expt:riments of this type will be used to  guide the experimental  p rogram for the sys tem 
undt ! r i r r adiati on. 

Analysis of data f rom these experiments and additional 

Development of Radioactive- TraLcer Quality-Control Systems 

C. T. Brown, C. W. Townley, M. Poberskin,  and D. N. Sunderman 

The study of neutron-activation analysis of cement raw ma te r i a l s  was continued 
during July. 
Attempts were made to  analyze for  aluminum, calcium, magnesium, manganese,  
si l icon, and sodium by measuring the a r e a s  under the various gamma photopeaks and 
comparing them with suitable s tandards,  

Nine samples  of l imestone, clay, s lag,  and sand have been i r radiated.  
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doned. All the samples were found to have considerable manganese-56 activity, which 
completely masks  out the activity f rom the magnesium-27. 
gamma photopeaks at  0. 85 MeV. It was not possible to obtain sufficient 2. 6-hr silicon- 
31 activity for  analysis i n  the samples  i r radiated due to the relatively shor t  irradiation 
t imes (3 to 5 min).  

Both radioisotopes have 

The resu l t s  obtained for the nine samples  analyzed a r e  summarized in  Table C- 1. 
The data  a r e  semiquantitative at best .  
the manganese and sodium analyses.  
cent low, and the sodium resu l t s  were 50 p e r  cent high. 
the,  hundred-channel analyzer and on a single-channel gamma spectrometer  agreed 
within 5 p e r  cent. The calcium resu l t s  were  50 p e r  cent high in  both cases ,  which 
indicates the calcium standard may  not be accurate .  
used in future runs.  
aluminum resu l t s  were obtained in  the l a s t  run  in  which m o r e  complete dosimetry was 
used to co r rec t  for thermal-flux differences between samples .  The large e r r o r  in the 
aluminum resu l t s  for the sand sample has not been explained. 
complete dosimetry and improved s tandards will be used in an attempt to improve 
accuracy. 

In only one instance was it possible to compare 
In this case the manganese resu l t s  were 17 p e r  

Manganese assays  taken on 

A new calcium standard will be 
The aluminum resu l t s  were  in  e r r o r  by 9 to 50 p e r  cent. The best  

In future runs m o r e  

In the course of the above analyses it was determined that the calcium content of 
a sample must  be g rea t e r  than 20 to 30 w / o  in  o rde r  to  obtain enough calcium-49 
activity for  analysis.  
activity induced in  the A1203 powder previously used as an aluminum standard resul ted 
f rom a sodium impurity and only 10 p e r  cent was due to the A127 (n, a) Na24 fast-neutron 
reaction. In the future powdered aluminum meta l  of 99. 999 p e r  cent purity will be used 
a s  an  aluminum standard.  

It was also determined that about 90 p e r  cent of the sodium-24 

Work on the radiometr ic  analysis  of calcium in cement has continued during this 
repor t  period. Recent investigations have shown that the precis ion of the EDTA t i t ra -  
tion using s i lver-  110 iodate as an end-point indicator is l imited by the proximity of the 
si lver-EDTA and calcium-EDTA complex stabil i t ies.  
involving the precipitation of calcium as Ca3(P04)z7  using phosphorus-32 a s  an  indi- 
ca tor ,  i s  being investigated. 

Consequently, a new method 

Future work will include the development of the calcium analysis by Ca3(P04)2 
precipitations , and improvement of the activation-analysis techniques using m o r e  
accurate  dosimetry and improved s tandards.  

Use of Intrinsic Radioactive T r a c e r s  for  P r o c e s s  Control 

J. L. McFarl ing,  H. B. Brugger ,  andM.  Pobereskin 

In the study of intr insic  t r a c e r s  during July, effort  was concentrated on studying 
radiotracer  control of the copper-removal s tep  in  the Sherri t t-Gordon nickel-refining 
process .  
which may be used to control the i ron-removal  s tep in  the Sherritt-Gordon process .  

In addition, a sea rch  was initiated to find a radiotracer  other than iron-59 
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TABLE C-1. RESULTS OF ACTIVATION ANALYSIS OF CEMENT RAW MATERIALS 

Experimental ___ and Calculated Analyses, w/o 
A1203 CaO Mn203 Nap0 Si02 

Sample Experimental Calculated Experimental Calculated Experimental Calculated Experimental Calculated Experimental Calculated 

Limestone 8768 ( a) 3.8 (a)  34.3 0.049 - -  0.18 - -  (b) 16.6 

Clay 7440 ( a) 8.7 (a) 4.0 0.073 - _  1.40 - -  0) 65.7 

Slag 19459 ( a) 12.8 (a) 44.9 0.19 0.23 0.18 0.12 0) 35.27 
0 
I 
w Limestone 4983 0.33 0.6 80. 0 53.4 0.002 - -  0.043 - -  (b) 0. I 

Limestone 7604 2.13 1.7 16.2 49.6 0.016 - -  0.14 - -  (b) 5.6 

Clay 6956 9.54 7. I (c) 18.3 0.046 - -  1.13 - -  0) 44.0 

Shale 8772 13.5 16.2 (c) 3.9 0.040 - -  0.48 - -  0) 52.2 

Shale 8713 9.89 10.8 (c) Trace 0.022 - -  0.63 - -  (b) 64.0 

Sand 4299 4.35 0.8 ~ (c) 0.6 1.06 - -  0.29 - -  (b) 89.2 

-- ------- -- 
(a) Malfunction of hundredchannel analyzer prevented the'analysis of calcium and aluminum in this run. 
(b) Silicon-31 activity was too low for analysis. 
(c) Calcium-49 activity was too low for analysis. 
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Q Laboratory experiments were ca r r i ed  out to determine the sensitivity of measu r -  
ing copper-64 activity by using a 2 by 2-in. NaI  (Tl) c rys ta l  scintillation probe 
immersed  in  the simulated process  solution. 
counting efficiency attainable by this method i s  about 12  p e r  cent of the copper-64 
activity p e r  l i t e r  of solution. 

The resu l t s  indicate that the maximum 

Experimental  analysis of exchange between copper in solution and copper sulfide 
precipitate i s  being continued. 
August. 

The resu l t s  of these experiments should be available i n  

Pro jec t  activity during next month will consist  of concluding the copper-exchange 

Sherritt-Gordon will be 
study, developing more  sensitive methods of measuring copper activity in solution, 
and searching for a suitable substitute for  the iron-59 t r ace r .  
requested to supply actual p rocess  ma te r i a l s  for  the la t te r  phase of the laboratory 
analysis . 

Graft-Polymerization Studies 

I. S .  Ungar, R. A. Markle ,  J. F. Kircher ,  and R. I. Leininger 

Work continued during July on the study of radiation-induced changes in  polymers  
During this month, it was found that grafting occurs  

Among these a r e  the existence of res idual  peroxide o r  stable 

leading to graf t  copolymerization. 
to some extent during the fractionation t rea tment  of polymers .  
sons for  this effect exist .  
f ree  radicals  on the polymer chain and grafting due to chain t ransfer  during the 
thermally initiated polymerization of vinyl pyrrolidone. 
possibi l i t ies ,  a number of s teps  were  taken. 
radiation polymerization and heated at 100 C for 24 h r  under vacuum. 
samples  were  then sealed in  ampoules and subjected to grafting conditions with and 
without preirradiat ion.  The fractionation procedure was modified to eliminate any 
heating of the grafted specimen until the excess  monomer was removed. 

Several  possible rea-  

In o r d e r  to remove these 
The polymethacrylates were prepared by 

The polymer 

In o rde r  to m o r e  fully explore the formation of f r ee  rad ica ls ,  work was begun, 
using electron paramagnetic resonance (EPR) , to obtain an independent measurement  
of f ree-  radical  concentration. Samples of polymethyl- and polybutylmethacrylate s 
were  sealed in ampoules at about a p r e s s u r e  of 0. 1 mm of m e r c u r y  and i r radiated.  
The spec t r a  of the i r rad ia ted  polymers  indicated a t  l eas t  two species  of s i tes  were 
present ,  one stable and one unstable.  After the t ransi tory s i te  decayed, the tubes 
were opened to the a i r .  
of two and rapidly decayed with a half-life of approximately 15 min. 
of polymethylmethacrylate was i r radiated in a tube under a vacuum of about 0. 1 p. 
EPR measurements  disclosed only one type of active s i te  which decayed relatively 
slowly under this condition. 
exposing the contents of the tube to air ,  the apparent s i te  concentration increased by 
almost  two o rde r s  of magnitude and then decayed with a half-life of 15 min. 
of the above procedure with polybutylmethacrylate instead of polymethylmethacrylate 
disclosed similar resu l t s .  

The apparent active-site concentration increased by a factor 
Another sample 

After 24 h r ,  about one-half the s i tes  remained. Upon 

Repetition 
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During the coming month, EPR measurements  of s i te  concentration will be con- 
tinuc:d on these and other polymethacrylates i2nd comparisons made with the chemical 
metliod of measurement  to gain fur ther  insight into the reported effects. 
studies will a lso be made ,  and g r a f t  chain length will be calculated. 

Grafting 

Nitration of Hhrdrocarbons 

M. J. Oestmann, R. E. Fulrner,  G. A. Lutz,  and J. F. Kircher  

During the pas t  month construction of the experimental  equipment for the study of 
nitrittion of hydrocarbons was completed. 
operate successfully over the des i red  range of var iables .  

The equipment was tested and found to 

Thermal  runs (in the absence of radiat:ton) with the ni t r ic  acid-cyclohexane sys-  
These will be used to pisovide reference da ta  on the effect of tem- 

Two thermal  ru'?s have been made ,  but analyses have not 
Qualitative tes t s  showed th'a presence  of the ni t ro  group and possibly 

tem a r e  under way. 
perEture on product yields. 
beer completed. 
the iiitrato group. 
adipic acid) increase  with increasing tempera ture .  The formation of adipic acid may 
complicate the study of nitration reactions at high tempera tures .  When the resu l t s  of 
additional thermal  runs become available, it may  be necessary  to reappraise  the ap- 
p rozch  to the study of nitration. 

I t  has been observed that the yields of oxidation products (pr imari ly  

During August additional thermal  runs will  be made and the analyses of cur ren t  
runs, will be completed. 
firsi: i r radiat ion runs a r e  a lso scheduled during this period. 

Dosimetry measurements  in the i r radiat ion vesse l  and the 
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F. RESEARCH FOR AEC REACTOR DEVELOPMENT 
DIVISION PROGRAM 

S .  ,J. Paprocki  and R. F. Dicker son 

REACTOR MATERIALS AND COMPONENTS 

R. F. Dickerson 

The investigation directed toward obtaining a m o r e  fundamental insight into the 
ro le  of valence compensation in the stabilization of uranium dioxide is being continued. 
Work with substitution of CaO for  some of the La203 o r  the Y2O3 addition indicates 
that, while it appears  feasible,  in most  cases  the mater ia l s  produced have appeared 
slightly l e s s  stable than some of the binary compositions. 
t u re  ztnd high p r e s s u r e  on U3O8 continue to be studied. 
phase result ing f rom application of high temperature  and p r e s s u r e  on U308 a r e  being 
invesligated, and fur ther  work is being done on U3O8 with a Bridgman-anvil high- 
p re s su re  die. 

The effects of high tempera-  
The oxygen l imits  of the gamma 

The experimental  work connected with the study of i r radiated zirconium-2 w/o 
uraniiim alloy hydride was completed, and the resu l t s  were  reported in BMI-1357. 
furthcmr repor t s  will be included in this section. 

No 

The i r radiat ion of capsules containing specimens of Type 347 s ta inless  s tee l  has 
been 1:ontinued in the ETR. 
only :.bout 1 day of exposure at full power has been achieved during the past  month. 
Four  nickel dosimeter  wires  have been returned to Battelle, and these a r e  being ana- 
lyzed for  determination of the actual neutron exposure accumulated by the specimens 
durini: ETR Cycles 15, 16, and 1 7 .  
inseriion of the gamma-heat capsules has been indefinitely delayed. 

Unfortunately, because of e r r a t i c  operation of the r eac to r ,  

Because of the shortage of suitable tes t  space,  the 

Some niobium-base binary alloys being studied as possible a l ternate  cladding 
m a t e i i a l  for  the EBR were  a r c  cas t  into approximately 5-lb ingots. 
alloys could not be cold rolled even af ter  brea:kdown of the cas t  s t ructure .  
t ime, a control ingot of unalloyed niobium cou'ld not be cold rolled. 
shoulii have been readily cold fabricated.  
gen p,ckup during the fabrication. The source of this contamination is being sought. 
Corrcsion testing of niobium-base alloys in 600 and 680 F water has been continued, 
and rt:sults of 196-day tes t s  a r e  available. 
f rom commercially pure  niobium a r e  as corrosion res i s tan t  as those prepared  f rom 
high-lmrity stock. 
28. 2 i L / O  titanium-6. 1 a / o  chromium and 10 a / 'o  zirconium-5 a / o  i ron,  and all alloys 
contajning m o r e  than 40 a / o  zirconium. 

Certain of these 

This ma te r i a l  
At the same 

Analytical data obtained to date indicate oxy- 

These resu l t s  indicate that alloys prepared  

To date the mos t  corrosion-resis tant  alloys a r e  t e rna r i e s  containing 

Because of the importance of Zircaloy-2 as reac tor  s t ruc tura l  and fuel-element 

With this in mind, a program concerned with the performance of relatively 
cladding mater ia l ,  i t  is important to understand the effect of i r radiat ion on c reep  
strenjtth. 
simple in-pile c reep  studies has been initiated. 
well under way. 

Initial planning for this program is 
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Valence Effects of Oxide Additions to Uranium Dioxide 

W. B. Wilson, A. F. Gerds ,  and C. M. Schwartz 

An investigation i s  being conducted which is directed toward obtaining a m o r e  
fundamental insight into the role  of valence compensation in uranium dioxide containing 
cer ta in  oxide additions. 
tion to U3O8, which is a volatile oxide. In order  to stabilize the more  re f rac tory  ura-  
nium dioxide fluorite s t ruc ture ,  mater ia l s  of lower valence a r e  added in solid solution 
such that, as the uranium goes to higher valence s ta te  upon oxidation, valence compen- 
sation can occur.  

Uranium dioxide upon oxidation undergoes a phase t ransforma- 

The general  reaction is of the type, 

R02 t R2O3 + 3RO2 (oxygen defect f luorite s t ructure) ,  

which upon oxidation yields,  

R 0 3  t R2O3 + 3RO2 (stoichiometric).  

Details of the valence-compensation criteria have been given in BMI-1318. 

A detailed discussion of valence compensation with r e spec t  to stabilization of ions 
in cer ta in  valence s ta tes  has been given by Kroger  and Vink. :% Proceeding f rom a con- 
sideration of the defect solid s ta te ,  methods a r e  discussed by which ions a r e  stabilized 
in cer ta in  valence s ta tes  to f o r m  a condition of "balanced valence" in crystals .  
operative mechanism of valence compensation i s  entirely analogous to the valence- 
compensation concept employed in the present  investigation. 

The 

Important differences a r e  apparent,  however, between the sys tem presently being 
investigated and those sys tems discussed by Kroger and Vink. 
volves not only the stabilization of an ion in a cer ta in  valence s ta te  ( U t 6 )  but resu l t s  in 
stabilization of the s t ruc ture  i tself .  In addition, in some sys tems such as the NiO sys- 
t em containing Li20, a stoichiometric relationship exis ts  between the amount of L i z 0  
added and the amount of Nit3 formed. ** In the uranium-lanthanum oxygen sys tem,  
however, stoichiometry apparently occurs  fo r  only one specific composition, namely, 

The present  work in- 

Current  work has been directed toward reducing the amount of additive required 
for stabilization of uranium dioxide. In a binary sys tem it is found that the most  stable 
ma te r i a l s  f rom the standpoint of volatility requi re  55 mole p e r  cent of a tr ivalent addi- 
tive such as La203 o r  Y2O3. 
valence compensation than a trivalent additive, the par t ia l  substitution of CaO for 
L a 2 0 3  o r  Y2O3 was investigated. 
l imit  i s  inadequate for  complete compensation to occur.  

Since a divalent ma te r i a l  should be m o r e  effective in 

Use of CaO alone is not possible since the solubility 

*Solid State Physics, Vol 3, Academic Press, Inc., New York (1951), "Relations Between the Concentrations of Imperfections 
on Crystalline Solids" (F. A. Kroger and H. J. Vink), pp 307-405. 

.oSemiconducting Materials, Academic Press, Inc., New York (1951), "Oxide Semiconductors" (E.J. W. Verwey), pp 151-61. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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A new s e r i e s  of solid solutions has been prepared and evaluated. The analyzed 
comg'ositions of these mater ia l s  in mole pe r  cent a re :  

uo2-22 La2O3-18 CaO 

UO2-20 Y203-20 CaO 

U 0 2 - 2 2  La203-21 CaO 

These compositions were  oxidized for periods of 1, 5, and 20 h r  at 1760 C in  d ry  flow- 
ing air. 
Weight changes observed ranged f rom a gain fo r  UO2-22 mole p e r  cent La203-21 mole 
p e r  cent CaO for  20 h r  to a weight l o s s  of 15 p e r  cent in 5 hr  for one sample of UO2-20 
mole p e r  cent Y2O3-20 mole p e r  cent CaO. 
ously la rge  weight loss .  The average of thesc mater ia l s  appears  to be of the order  of a- 
few pe r  cent weight loss ,  which is equivalent to the vaporization experienced with the 
binary sys tems containing the s a m e  total  amount of additive. Thus,  while i t  appears  
feasible to substitute CaO f o r  tr ivalent additives, with one exception the mater ia l s  pro- 
ducecl to date have exhibited higher losses  than previously experienced in the most  
stable compositions in the binary systems.  
the investigation of the te rnary  oxides. 

The relat ive stabil i t ies of the mater ia l s  were  evaluated by weight-change data. 

The la t ter  sample represents  an anomal- 

Experimental  work w i l l  continue to complete 

High-Pre s su re  High-Temperature Solid-state Studies 

W. B. Wilson and C. M. Schwartz 

An investigation is being made of the effects of combined high p r e s s u r e  and high 
templ?rature on reactions of uranium oxide with various mixed oxides. 
has been devoted to a detailed study of the effects of high p r e s s u r e  and temperature  on 
U308. 
great ly  facil i tates the lo s s  of oxygen f rom the sample,  allowing reduction of U308 to 
occur.  
sures  to 60,000 atm. 

Current  work 

Results indicate that the d i rec t  inser t ion of thermocouples into the sample region 

The reduction was observed to occur  i%t tempera tures  as low as 500 C a t  p r e s -  

Work wi l l  continue to bet ter  define the effect of high p r e s s u r e  and high tempera-  
t u re  on U3O8. 
wi l l  ke  performed by microbalance techniques. 
that the cubic U4O9 s t ruc ture ,  frequently observed during the high-pressure work on 
U308, contains an excess  of oxygen. In addition, the oxygen limits of the new gamma 
phase of U308, formed under p re s su re ,  will be investigated. These resu l t s ,  together 
with those obtained on U308 by use  of the Bric!gman-anvil high-pressure die,  should 
complete the investigation of the behavior of U308 under p re s su re .  
tions with mixed oxides will be continued a t  higher tempera tures  than used previously. 

Analysis of the oxygen content of the samples  subjected to high p r e s s u r e  
This analysis  is being made to confirm 

The study of reac-  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ..,. . . . . . . . . . . . . .  
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Irradiation-Surveillance P r o g r a m  on Type 347 
Stainless Steel 

W. E. Murr ,  J. E. Howes, J r . ,  J. F. Lagedrost, 
and F. R. Shober 

A program is in progress  to determine the effect of irradiation on the mechanical 
The program is being conducted in support propert ies  of AIS1 Type 347 s ta inless  steel .  

of the KAPL-C-33 loop and other loops using Type 347 s ta inless  s teel  in the ETR. 
Specifically, the program is for  the purpose of determining changes in mechanical 
propert ies  resulting f rom fast-neutron irradiation (neutrons having g rea t e r  than a 1- 
Mev energy) upon Type 347 stainless s tee l  a t  120 and 600 F. Fast-neutron damage data 
a r e  available for  this ma te r i a l  at exposures up to 3.76 x 1021 n pe r  cm2. 
is intended to measu re  tensile, cyclic-strain fatigue, and impact propert ies  of Type 347 
stainless s tee l  at exposures well beyond this  level, with the intent being to stay 6 months 
ahead of exposure levels accumulated by the KAPL-C-33 loop. 
ultimately obtain a total  fast-neutron exposure of approximately 1. 6 x 1022 n p e r  cm2. 

However, i t  

The KAPL loop will 

Three capsules containing tensile and cyclic fatigue specimens a re  planned for an 
ear ly  ETR loading. 
and will be subjected to postirradiation annealing studies in o rde r  to provide a compar- 
ison with data to be obtained f rom specimens i r rad ia ted  near  600 F. 

The specimens will be i r rad ia ted  at process-water temperature  

Total irradiation exposures for  the "cold" capsules ( i r rad ia ted  at process-water 
temperatures)  as of the end of ETR Cycle 17 (June 14, 1959) a r e  l is ted in Table F-1. 
The ETR has been largely inoperative since June 14, having accumulated only about 1 
day of exposure at full power. Table F-1 a l so  includes a l i s t  of cu r ren t  and proposed 
irradiation pa rame te r s  of the various capsules prepared  for  the surveillance program. 

Four  nickel dosimeter  wires ,  i r rad ia ted  in the K-8 position of the ETR during 
Cycles 15, 16, and 17, have been returned to Battelle f o r  determination of flux en- 
countered during these cycles. The wires  will be analyzed a t  Battelle, and one wire 
will be returned to the ETR for  analysis in o rde r  that a comparison of ETR and BMI 
flux values can be made. 

One thermocouple-lead capsule and seven capsules without leads a r e  awaiting 
insertion in  the ETR. 

These irradiation conditions a r e  considered the minimum requirements necessary to 
initiate this  portion of the surveillance program. 
space of this quality is not available. 

The capsules a r e  designed to operate at about 600 F in a position 
' having a f a s t  f l u x  g rea t e r  than 1.0 x 10 l4  nv and a gamma flux of about 18 w p e r  g. 

At the p re sen t  t ime, ETR reactor  

s. e.. . Y O  0 e. e. s b . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  
D O  0 0 0  0 0 , * e  e* 0 0 O D D  

. .. . . 
* .  D 

..... ... .... ... ... 
0 .0  .. 



TABLE F-1. CAPSULES PREPARED FOR THE IRRADIATION SURVEILLANCE PROGRAM ON TYPE 347 STAINLESS STEEL 

...... . .  .... 
e..... .. 
e .  .... 
0 .  . .  
.L.... 

o.... 

m.... 

0 .  
0 .. 
. .  
.. 4 

0 .  
0 .. .. . 
e..... 

o..... .. 
I..... ...... . .. . .  
e..... . .  .... 

Proposed Approximate 
Irradiation Approximate Exposure a t  Total Exposure as of 

Type Specimens Temperature. Removal Time of June 14. 1959, nvt 
Capsule in Capsules F Date(a) Removal@). nvt Top Bottom Location Remarks 

BMI-24-1 

BMI-24-2 

BMI-24-3 

BMI-24-4 

BMI-24-5 

BMI-24-6 

BMI-24-7 

BMI-24-8 

BMI-24-9 

BMI-24-1 0 

BMI-24-114') 

BMI-24-12 

BMI-24-13 

BMI-24-14 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Tensile and fatigue 

Impact 

Impact 

600 

120 

600 

120 

6 00 

120 

600 

120 

600 

120 

600 

120 

600 

120 

January. 1959 

January, 1962 

_ _  
January, 1963 

_ -  

June, 1961 

_ -  

June, 1962 

- -  

January, 1961 

- -  

June, 1960 

- -  

June, 1962 

1 .55  x lo2' 

1.31 x 

-- 

1.78 x 1022 

-- 

1. os x 1022 

- -  

1.54 x 

-- 

0.84 x 

-- 

0.61 x 1 022 

-- 

1.54 x 

-- 

2.260 x 1021 

- -  

1.327 x 1021 

-- 

3.198 x 1021 

-_  

1.499 x 1021 

- -  

2.49 x 1021 

- -  

3.389 x 1021 

_ -  

2.994 x 1021 

BMI - -  

3.120 x 1021 ETR, 
K-8-NE 

ETR - -  

2.468 x 1021 ETR 
K-8-SE 

ETR _-  

2.434 x 1021 ETR. 
-7 0 rm n-o  - ~ Y L  

ETR -- 

2.477 x 1021 ETR, 
K-8-SE 

ETR - -  

2.840 x 1021 ETR. 
K-8-SE 

E TR - -  

2.722 x 1021 ETR. 
L-8-SE 

E TR -- 

3.079 x 1021 ETR, 
K-8-NW 

Examined at BMI Hot-Cell 
Facility for melting 

Being irradiated 

To be irradiated 

Being irradiated 

To be irradiated 

Being irradiated 

To be irradiated 

Being irradiated 

To be irradiated 

Being irradiated 

Damaged at ETR 

Being irradiated 

To be irradiated 

Being irradiated 
h J  
w 



TABLE F-1 . (Continued) 

Proposed Approximate 
Irradiation Approximate Exposure at Total Exposure as of 

Type Specimens Temperature, Removal Time of June 14, 1959, nvt 
Capsule in Capsules F Date(a) Removal@). nvt Top Bottom Location Remarks 

BMI-24-15 Impact 

BMI-24-16 lmpact 

- 

ETR 

~~ ~ 

To be irradiated 

June, 1960 0.61 x 3.052 x 1021 2.886 x 1021 120 Being irradiated ETR, 
K-8-NW .... . .  

e..... . .  . .. 
e..... ...... .. ...... ...... 

BMI-24-174') Tensile and fatigue 600 October, 1958 3.25 x lo2' -- - -  BMI Examined at BMI Hot-Cell 
Facility after high tem- 
perature observed 

- -  BMI-24-18 Tensile and fatigue 12 0 

BMI-24-14'] Tensile and fatigue 600 

E TR To be irradiated for post- 
irradiation annealing 
studies 

9 
Fabricated to replace I 

BMI-24-17 m 

.. . 
0 . .  . .  
:*. ? 
e .  

e.... 

o.... 
. .  E TR 

e..... . .  
0 .  .... BMI-24-20 Tensile and fatigue 120 E TR To be irradiated for post- 

irradiation annealing 
studies 

* .  . .. 
e..... .... . .  ...... 

BMI-24-21 Tensile and fatigue 600 ETR Fabricated to replace 
BMI-24-1 

To be irradiated for post- 
irradiation annealing 
studies 

BMI-24-22 Tensile and fatigue 120 E TR 

(a) Based on 6-month lead on loop. plus 2 months for examination. 
(b) Based on maximum fast flux at tube of 1.7 x 1014 nv for 6-month periods. 
(c) Thermocouple-lead capsules. 

Q 
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Development of Niobium-Base Alloys 

J. A. DeMastry, F. R. Shoher, a n d R .  F. Dickerson 

Utilization of a niobium-base alloy a s  an alternate cladding mater ia l  in a future 
core  design for  the EBR requires  evaluation cif the fabricability and of selected mechan- 
ical  ztnd physical propert ies  of these alloys. The alloys being studied a r e  niobium-1 
w/o  c:hromium, niobium-2 w/o  chromium, niobium-4.5 w/o  zirconium, niobium-10 w/o 
tantalum-2 w/o  chromium, niobium-20 w/o  titanium-1. 5 w/o chromium, niobium-40 
w/o  titanium-10 w/o aluminum, unalloyed niobium, and an alloy of vanadium-10 w/o 
titanium-1 w/o  niobium for comparison with the niobium alloys. 

Melting, hot and cold fabricability, metallographic examinations, chemical analy- 

The ingots were  sealed in stainless s teel  packs and 
After annealing, cold rolling of the 

se s ,  and a short  heat-treatment study have been finished. 
ingots occurred during cold rolling. 
annezled at 1050 C for  1 h r  and then furnace cooled. 
ingots was  continued. 
niobiiun-20 w/o  titanium-1. 5 w/o  chromium, and vanadium-10 w/o titanium-1.0 w/o  
niobiiim were  cold rolled to 0.035-in. sheet. This sheet showed severe edge cracking, 
but tlie mater ia l  in the center of the sheet was sound. The rolled sheet was sheared 
into lilanks f rom which tensile and corrosion specimens a r e  being prepared.  

Edge cracking of the forged 

The niobium-1 w/o  chromium, niobium-4. 5 w/o zirconium, 

The unalloyed niobium and niobium-40 w/o  titanium-10 w/o  aluminum failed to 
cold roll. 
pieces and showed a large-grained macrostructure .  
fabril-ated and attempts to do this wil l  be made. 
been readily cold fabricable, but analysis of the forged and rolled slab indicates that the 
oxygcmn content had increased f rom 200 to 800 ppm, apparently reducing ductility enough 
to caiise failure. 

The niobium-40 w/o titanium-10 w/o  aluminum alloy fractured into two 
This alloy can probably be warm 

The unalloyed niobium should have 

The source of this contamination is being sought. 

Attempts to hot rol l  the niobium-2 w/o  chromium alloy and the niobium-10 w/o  
tanta:Lum-2 w/o  chromium alloy encapsulated in evacuated stainless s teel  wi l l  be m a d e  
at 2000 F. 
be eniployed. 

If these alloys fail to fabricate at 2000 F, higher rolling temperatures  may 

The mechanical propert ies  of alloys which were  fabricable wi l l  be determined a t  
The thermal  conductivity wil l  be determined on the three alloys having 

In the meantime, sheet-to-sheet weldability of 
650 and 800 C. 
the bi2tter tensile propert ies  at 800 C. 
the cold-fabricable alloys w i l l  be studied. 

Development of Corrosion-Resistant Niobium Alloys 

D. J. Maykuth, W.  D. Klopp, R .  I. Jaffee, W. E. Berry ,  
and F. W.  Fink 

The development and evaluation of niobium-base alloys for possible service in 
presmrized-water  reac tors  a r e  being continued. 
temperature  propert ies  a r e  being obtained on high-purity-base alloys prepared on the 

Corrosion data and elevated- 

....... 4 ,  ............... . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE F-2. SUMMARY OF CORROSION RESULTS OBTAINED ON NIOBIUM ALLOYS EXPOSED 
IN HIGH-TEMPERATURE WATER AND STEAM 

600 F Water 680 F Water 750 F Steam 
Alloy Addition Exposure Total Weight Exposure Total Weight Exposure Total Weight 

a /o  days mg per cm2 days mg per cm2 days mg per cm2 
(Balance Niobium), Time, Change, Time, Change, Time, Change, 

Unalloyed Nb 

10.5 Zr 
26.1 Zr 
35.7 Zr 
45.7 Zr 

1.08 w 
4.67 W 
9.56 W 

2.45 Mo 
5.20 Mo 
7.40 Mo 

4.42 V 
6.59 V 
8.93 V 
10.7 V 
13.7 V 
2 4 . 2 v  

4.90 Fe  

9.41 Ti 
18.8 T i  
24.3 Ti  
30.5 T i  
33.8 T i  

12.0 Ti-0.5 Cr 
20.2 Ti -2.1 Cr 
28.2 Ti-6.1 Cr 

12.0 Ti-4.2 Mo 
17.4 Ti-6.2 Mo 
23.1 Ti-7.8 Mo 

10.4 Ti-5.0 V 
16.1 Ti-8.4 V 
22.6 Ti-11.0 V 

Commercial Niobium, Rocking -Hearth Melts 

42 

196 
196 
196 
196 

196 
196 

7 

196 
196 
196 

196 
196 
196 
196 
196 
196 

196 

196 
196 
196 
196 
196 

196 
196 
l@6 

196 
196 
196 

196 
196 
196 

Disintegrated 

0.67 
0.07 
0.66 
0.55 

-2.60 
-29.3 

Cracked 

-7.10 
-1.30 
0.62 

0.42 
0.73 
0.59 
0.78 
0.50 
0 

0.10 

0.65 
0.48 
0.52 
0.40 
0.33 

0.66 
0.39 
0.20 

0.64 
0.54 
0.45 

0.56 
0.40 
0.48 

............ . . . . . .  . '*. :. : :. ": :: . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE F-2. ('Continued) 

__ 
680 F Water 750 F Steam - 600 F Water 

Allof Addition Exposure Total Weight Exposure Total Weight Exposure Total Weight 

a/  o days mg per cm2 days mg per cm2 days mg per cm2 
Change, (Ba1anc:e Niobium), Time, Change, Time, Change, Time, 

Unalloqed Nb 

7.18 M o  

12.5 V 

46.8 Zr-5.06 Ti  

11.2 Ti-3.2 Mo 
18.8 'Ti-8. 7 Mo 
9.9 Zr -9.4 V 
5.7 Zr-11.4V 
9.1 Ti-6.3 Cr 

Unallo(ed Nb 

Unallofed Nb 

1 Zr 
5 Zr 
10 Zr 
40 Zr 
65 Zr 
15 Zr 
90 Zr 

2.5 Ti 
10.0 Ti  
25.0 Ti 

1 Cr 
5 Cr 
10 Cr 

1 Fe 

10 Zr-5 Ti  
25 Zr-5 T i  
25 Zr- 15 Ti 
25 Zr-.% Ti 
35 Zr-5 Ti  
35 Zr- 15 Ti 
45 Zr-lj Ti  

High-Purity Niobium, Consumable-Electrode Melts 

0.67 140 -1.04 

0.61 140 0.55 

0.39 140 - 0.46 

0.30 112 0.78 

0.20 112 0.39 
0.47 112 0.49 

. 0.16 28 0.30 
0.12 28 0.24 
0.11 28 0.24 

High-Purity Niobium, - Rxking-Hearth Melts 

56 

28 
28 
56 
28 
28 
28 
28 
28 
28  

56 
56 
56 

56 
56 
28 

28 

28 
28 
28 
28 
28 
28 
28 

1.28 

-22.5 
0.48 

-52.9 
0.72 

0.33 
0.50 
0.74 
0.41 

0.36 
0.46 
0.34 

1.03 
0.64 
0.26 

0.78 

* 0.33 
0.43 
0.51 
0.21 
0.32 
0.23 
0.24 

-0.13 

....................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . .  . I & .  . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE F -2. (Continued) 
8 

600 F Water 680 F Water 750 F Steam 
Alloy Addition Exposure Total Weight Exposure Total Weight Exposure Total Weight 

a/ o days mg per cm2 days mg per cm2 days mg per crn2 
(Balance Niobium), Time, Change, Time, Change, Time, Change, 

'r 

~- 

10 Zr-5 Mo 

4-5 Zr-5 Mo 
35 Zr-5 MO 

28 
28 
28 

0.16 
0.34 
0.24 

35 Zr-5 A1 
45 Zr-5 AI 

28 
28 

0.51 
0.25 

28 
28 

0.24 
0.24 

10 Zr-5 Cr 
4-5 Zr-5 Cr 

10 Zr-5 Fe 28 0.20 

56 2.5 V 0.53 

0.40 
0.39 
0.46 
0.37 
0.49 

2.5 V-2.5 Ti 
2.5 V-2.5 MO 
2.5 V-2.5 Fe 
2.5 V-2.5 Cr 
2.5 V-2.5 A1 

28 
28 
28 
28 
28 

5 V-2.5 ZI 
5 V-25 Zr 
5 V-35 Zr 
5 V-45 Zr 

28 
28 
28 
28 

0.20 
0.63 
0.64 
0.27 

(a) Erroneously reported in BMI-1357 as having disintegrated in 28 days. 
(b) Erroneously reported in BMI-1357 as a weight loss. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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basis of screening tests conducted on a series; of commercial-purity niobium-base al- 
loys. Additional screening alloys a r e  being prepared to improve fabricability without 
1osin;g high-temperature strength and corrosion res i s tance ,  

Corrosion testing of the niobium alloys in 600 and 680 F water and 750 F 1500-psi 
steani has been continued. 
presc:nted in Table F-2 .  
comniercial-purity niobium a r e  as corrosion resistant as those prepared f rom high- 
pu r i t r  melting stock. However, in the unalloyed condition, the high-purity niobium 
exhibits a much longer corrosion life. Alloys which possess  adherent tarnish films 
and appear most  corrosion res i s tan t  a r e  t e rna ry  alloys containing 28. 2 a / o  titanium- 
6. 1 a / o  chromium and 10 a / o  zirconium-5 a / o  i ron,  and all alloys containing m o r e  than 
40 a / o  zirconium. 

Results af ter  exposure t imes ranging up to 196 days a r e  
The resu l t s  to date indicate that alloys prepared f rom 

Corrosion t e s t s  have been s ta r ted  on unalloyed niobium as a p a r t  of a cooperative 
tes t i rg  program with Bettis and Knolls. 
laboratories a r e  f rom the same high-purity-base niobium s t r ip  and were prepared for  
corrcsion testing at Bettis. 
water and 750 F 1500-psi steam following prescr ibed procedures  fo r  these particular 
experiments. Results af ter  a 7-day exposure for  six specimens in each condition r e -  
vealeil a dark-gray film on 680 F water specirnens and a similar f i l m  with some gold 
tarnizsh on 750 F steam specimens. Weight gains in 680 F water ranged f rom 58. 7 to 
60.8 mg p e r  dm2, with an  average of 59.5 mg  p e r  dm2; in 750 F steam weight gains 
ranged f rom 55.0 to 61.7 mg  p e r  dm2 and averaged 57.4 mg  per  dm2. 

All specimens at the three participating 

Corrosion tests a r e  being conducted in 680 F degassed 

All corrosion t e s t s  a r e  being continued except those on commercial-base alloys 
exposed 196 days in 680 F water.  
a r e  being examined for  evidence of oxygen contamination and hydrogen absorption, and 
the nz.ture of the oxide film. 

These specimens have been removed f rom testing and 

Four  50-g alloy ingots of the compositions l is ted below were hot rolled to 60-mil- 
thick s t r ip  in stainless s tee l  packs at 1800 F. 

Nominal Alloy Con1:ent 
Alloy (Balance Niobium), a/o Quality of Rolled Strip 

N46 
N47 
N5 2 
N55 

5 iron Excellent 

2.5 vanadium -2.5 nickel Excellent 
2.5 vanadium-2.5 zirconium 

10  iron Light edge cracking 

Some surface roughness 

As  intlicated, s t r ip  of good to excellent quality was obtained f rom each of the alloys. 
Samples of each s t r ip  a r e  being prepared for  hot-hardness measurements  and for  co r -  
rosioit testing in  680 F water. 

Room-temperature tensile tes t s  were  conducted on the three  alloys l is ted on 
page 12 ,  after vacuum annealing for  1 h r  at 1500 C (2730 F), with the r e su l t s  shown. As 
is apparent f rom these data, each of the three  alloys is quite br i t t le .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Alloy 

NL8 
NL9 
NLlO 

Tensile Properties 
Ultimate 

Alloy Content Strength, 
(Balance Niobium), a/o psi Elongation, per cent 

9.9 zirconium-9.4 vanadium 91.000 
5 . 7  zirconium-11.4 vanadium 46,000 
9.1 titanium-6.3 chromium 73,000 

Investigation of the Creep Proper t ies  of Zircaloy-2 
During: Irradiation at Elevated Tempera tures  

I 
0 
0 
0 

J. H. Stang, A. P. Young, and F. R. Shober 

The wide use of Zircaloy-2, a zirconium-base alloy, at elevated temperatures  in 
reac tors  as cladding for fuel elements and as a reactor  s t ructural  mater ia l  has indicated 
the need for data on the effect of irradiation on the c reep  propert ies  during irradiation. 
A considerable amount of data has been obtained on the irradiation-induced changes in 
the mechanical propert ies  of Zircaloy-2 as determined after irradiation, but none 
during. Although i t  has been shown by postirradiation tes t s  that irradiation increases  
the 0.  2 per  cent offset yield strength and dec reases  the ductility, arguments can be 
advanced to show that irradiation might be expected to soften Zircaloy-2. 
especially t rue in the temperature  range where Zircaloy-2 has  been shown to exhibit 
s t ra in  aging. 
be altered.  

This is 

If irradiation eliminates o r  reduces s t ra in  aging, the c reep  strength wi l l  

P repa ra to ry  to the detailed study of the c reep  behavior of Zircaloy under i r radia-  
tion, i t  i s  planned to per form relatively simple in-pile creep studies directed toward 
determining whether the c reep  in pile and creep  out of pile differ markedly f rom each 
other. 
of a reactor  wil l  be based on the differences of measurements  taken before and after ir- 
radiation. All t es t  conditions a r e  to be the same for specimens in and out of the reactor  
except for the exposure to neutrons and gamma flux in the reactor .  

This comparison between creep  behavior of a specimen in a reactor  and one out 

It is planned to use a tubular tes t  specimen fabricated either f rom tubing o r  thick 
plate. It is further planned to use  a specimen which wi l l  be composed of several  gage 
sections, each having a different wal l  thickness. These t e s t  lengths wi l l  each be sepa- 
ra ted by a section of tube having a thicker wall .  Each tes t  section wil l  be approximately 
3-1/3 in. long and have a 2-1/2-in. -long reduced gage section. The maximum outside 
diameter wil l  be approximately 0. 5 in. and the inside diameter wil l  be approximately 
0.45 in. The inside diameter wil l  be the same for  all sections, while the outside diame- 
t e r  wil l  be different for each section to provide the different w a l l  thicknesses desired.  
When pressurized internally, a specimen of this design wil l  produce with a single pres-  
sure  as many different circumferential  s t r e s s e s  as there a r e  different wal l  thicknesses 
represented. 

It is proposed to use internal p r e s s u r e s  up to 2000 psi .  Since it is desired to 
produce creep without rupture at the tes t  temperatures ,  it is estimated that for a tem- 
perature  of 650 F, wal l  thicknesses wi l l  have to be such that s t r e s ses  between 15,000 
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and 21,000 ps i  wil l  be developed. 
that titresses between 6,000 and 12,000 ps i  wil l  be produced. 
mum test  t ime should be 500 h r ,  while the ma.ximum may be 1000 h r  o r  over.  

F o r  the tes t  at 750 F the specimen design wil l  be such 
It appears that the mini- 

It is thought that the tubular specimens can be fabricated f rom thick Zircaloy-2 
plate with the varied wal l  thickness produced by machining. 
parecl f rom plate should reduce the anomalies usually associated with prefer red  orien- 
tatiort in Zircaloy-2. 
rollell rod, swaged rod, thin sheet, and extruded tubing. It is essent ia l  that the speci- 
mens  be designed so  that creep deformation w i l l  occur in the reduced gage section 
without being affected by the thick-wall section at the ends of each gage section. P r i o r  
to clclsure, a solid rod wil l  be inser ted inside the tubular specimen. 
two purposes: (1) to occupy volume and thereby reduce the total volume of compressed 
gas ,  and (2)  to provide an anchoring pin for  thermocouples. 

The use of specimens pre-  

A high degree of prefer red  orientation i s  quite often apparent in 

This will  serve 

The tes t  capsule and auxiliary equipment wil l  consist of a stainless steel  o r  
alum num capsule containing the tes t  specimen, auxiliary heaters ,  the necessary out- 
of-reactor controls, and a supply of iner t  gas under pressure .  Although a substantial 
portion of the heat in the specimen wil l  be provided by gamma heating of the specimen 
itself, res is tance heaters  for each tes t  section wi l l  be required in order  to balance the 
heat ;md provide constant temperatures.  

Tes t  procedure after encapsulation w i l l  be to a r range  for  insertion in a core posi- 
tion i n  the ETR. It is necessary that the capsule be i r radiated in a high fast flux, ap- 
proximately 1 x 1014 nvt fast at a minimum. P r i o r  to reactor  startup, the specimens 
wi l l  tie brought to tes t  temperatures  and stabilized with no internal p r e s s u r e  in the tube. 
Upon startup of the reac tor ,  tes t  temperatures  wil l  be re-established and internal pres -  
sure  w i l l  be applied to the tube. P r e s s u r e  and temperature  wi l l  be regulated throughout 
the test .  The specimens wil l  remain  at temperature  and under p r e s s u r e  during reactor  
shutdDwn, and this t ime will be compensated for in the out-of-pile tests.  It is thought 
bette- to maintain a constant tes t  temperature  since some slight accelerated creep has 
been noted in cyclic-temperature tests (room temperature to 650 F). 
exist  that the damage occurring when the reactor  is at power wil l  anneal out at tes t  
temp1:rature when the reactor  is a t  zero power. This will  be considered carefully, and 
the e:cact tes t  conditions wil l  be chosen in the future. 
planned to have the specimen in tes t  for  500 tci 1000 hr .  
the ciipsule w i l l  be returned to the Battelle Hot-Cell Facil i ty for measurement  of the 
specimens. 

A possibility does 

As mentioned ea r l i e r ,  i t  i s  
Upon removal f rom the reac tor ,  

Metallographic samples wil l  be taken. 

It is realized that the flux in the reactor  tes t  hole will vary over the test-specimen 
lengtli, and it is proposed to determine the flux in the various tes t  sections. 
one of the key par t s  of this tes t  is the provision of adequate dosimeters .  
to U S I ?  at leas t  one dosimeter for each tes t  sec:tion. 
probable that nickel wi l l  be used for this purpose. 
dosinieters wil l  be located inside the tes t  capsule and wil l  be removed when the tes t  
specimens a r e  removed. 
the ciipsule. 
neceE sary.  

Therefore,  
It is proposed 

Based on experience to date, it i s  
In the case  of the 500-hr tes t s ,  the 

F o r  the longer tests;, the dosimeters  wil l  be located outside 
These dosimeters  could be removed and replaced during the tes t  run, if 
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It is planned also to develop techniques to study s t ra in  aging in Zircaloy-2. It i s  

Deformation 

Before this can be done, techniques to make 

thought that light and electron microscopy, together with X-ray diffraction and internal- 
friction studies, may be helpful in studying the strain-aging mechanism. 

copy in a thin section of the metal  itself. 
thin films of Zircaloy-2 wil l  have to be developed. 
X-ray diffraction studies. 

mechanisms and dislocation movements wil l  be studied by transmission electron micros-  ! 

Thin fi lms also can be used in the 

Capsule- and equipment-design studies have been initiated. 

STUDIES OF ALLOY FUELS 

R.  F. Dickerson 

Property data for binary alloys of niobium and uranium containing f rom 10 to 50 
w / o  uranium continue to be accumulated. 
500 h r  in 572 F air and in 600 F C02. 
752 F. 
change in corrosion rate  due to differences in uranium content. 
weight gain of about 1 mg per  cm2, which compares  to about 0 . 2  mg per  cm2 for 
Zircaloy-2. 
w/o  uranium and 50 w/o uranium) that indicates the low-oxygen-content mater ia l  is l e s s  
cor ro  sion r e s  i s  tant . 

All alloys maintained an adherent oxide after 
A brown spalling oxide is formed at 662 and 

After 84 days in 600 F water,  it is interesting to note that there is very little 
The alloys exhibit a 

In 680 F water tes t s ,  after 84 days there is a trend in certain alloys (30 

Attempts to improve the corrosion resis tance of thorium-uranium alloys with 

An increase in the corrosion resis tance by a factor  of two was  the best  obtained. 
zirconium, zirconium and niobium, yttrium and cer ium additions have been disappoint- 
ing. 
In addition to continued metallurgical studies on thorium alloys, work with thorium and 
tho r ium -ur anium ca r  bide s has be en initiated . 

Development of Niobium - U r anium Alloys 

J. A. DeMastry, A. A. Bauer, and R. F. Dickerson ll 
Niobium-rich niobium-uranium alloys a r e  potential high-temperature metallic 

fuels for nuclear reactors .  
e r t ies  they have received very little application as fuels. 
uranium-rich uranium-niobium alloys has indicated that impurit ies in the niobium can 
affect the propert ies  of the alloys. Consequently, the effect of impurit ies on the phys- 
ical  and mechanical propert ies  of niobium-rich niobium-uranium alloys and upon the 
compatibility of the alloys with various environments is being investigated. 

As a resul t  of a lack of information concerning their prop- 
Previous work with the 

Three different grades of niobium were used in alloy preparation. One grade 
contains 0 . 7  w/o zirconium and 600 ppm oxygen, a second contains 0.17 w/o zirconium 
and 700 ppm oxygen, and a third contains 0 . 0 2  w/o zirconium and less  than 300 ppm 
oxygen. 
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Niobium-10 and -20 w/o uranium alloys have been successfully fabricated by 

forgi.zg and rolling into slab,material .  
uranium has been unsuccessful. 
a r e  being prepared for possible extrusion. 
truded. 
made to extrude niobium-50 and -60 w/o uranium alloys. 

Fabrication of alloys containing more  than 20 w / o  
Ingots of the niobium-30 and -40 w / o  uranium alloys 

Similar alloys have been successfully ex- 
If sound ma te r i a l  i s  produced by extrusion of these alloys, attempts will be 

Corrosion testing in air at 572, 662, and 752 F has been completed, and the r e -  
sul ts  show that the niobium-uranium alloys containing up to 60 w/o uranium a r e  r e s i s t -  
ant tci oxidation for  500 h r  a t  572 F and fo rm E L  protective adherent oxide. 
oxide is formed at 662 and 752 F. 
those in air a t  572 F (all alloys formed an adherent black oxide). 

A spalling 
In C02 the resul ts  of tes ts  at 600 F were similar to 

The resul ts  of corrosion studies in water a r e  shown in Table F-3 for 70 and 84 
days on tes t  a t  600 and 680 F. 
after 42 days due to excessive weight lpsses .  

All alloys have been removed f rom tes t s  in 750 F steam 

Compatibility studies of niobium-uranium alloys with NaK a r e  being continued. 
No a c  ditional resu l t s  have been obtained. 

High-temperature tensile tes ts  indicate that the niobium-20 w/o uranium alloy 
should per form well in certain*high-temperature applications. 
tremc:ly little decrease  in strength with i"ncrea.sing temperatures  to 1600 F; tensile data 
at room temperature  and 1600 F have been reported ear l ie r  in the program. 
parent  effect on the propert ies  due to impurity content was noted during these tes t s .  

The alloys exhibit ex- 

No ap- 

It is planned to determine the c reep  propert ies  of fabricable niobium-uranium 
alloys; a t  1600, 1900, and 2400 F in vacuum. 
The stress necessary  to produce rupture in 100 h r  will a lso be  determined. 
plann1:d to investigate the 1000-hr c reep  life in argon and NaK at 1600 F. 

These tes ts  will be 1000 hr  in duration. 
It i s  a lso 

Specimens for thermal-conductivity, the rmal- expans ion, and electrical-  
resisi ivity evaluations have been machined and will be electroplated pr ior  to testing. 

Future  work will a lso include a study of the effect of impurit ies on the gamma- 
immiscibility gap in the niobium-uranium system. 

Development of Thorium-Uranium Alloys 

M. S. Farkas ,  A. A. Bauer ,  a n d R .  F. Dickerson 

A program to develop thorium-uranium-base alloys of improved radiation stability 
by te rnary  and quaternary alloying is in progress .  
varialjles, including starting mater ia l s  and ca,jting and fabrication techniques, on dis- 
tribution of the uranium phase i s  being investigated. The te rnary  additions being inves- 
tigated a r e  niobium, molybdenum, and zirconium, and niobium and zirconium a r e  being 
investigated as quaternary additions. 
a lso lieing studied with principal effort at present  being devoted toward methods of 
preparation. 

In addition, the effect of process  

Carbide and nitride combinations of thorium a r e  
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TABLE F-3. CORROSION DATA FOR NIOBIUM-URANIUM ALLOYS IN 600 AND 680 F WATER 
AFTER IO AND 84  DAYS(^) 

Alloy Content Impurity Content Total Weight Change, mg per cm2 
(Balance Niobium), Oxygen, Zirconium, Specimen In 600 F Water In 680 F Water 

W/O PPm w/o Condition After 70 Days After 84 Days After IO Days After 84 Days 
~~ 

10 uranium 600 
IO0 
300 

0.74 
0.17 
0.02 

Fabricated 
Ditto 
Ditto 

0.55 
0.95 
1.08 

0.62 
1.05 
1.10 

0.65 
-9.2 

- 3 5 . 7  

0.72 
-10.1 
-37.7 

0.89 
0.97 
0.66 

1.06 
1.08 
0.76 

1.06 
1.67 
1.03 

1.18 
1.44 
1.09 

20 uranium 600 
700 
300 

0.14 
0.17 
0.02 

Ditto 
Ditto 
Ditto 

600 
700 
300 

0.74 
0.17 
0.02 

0.84 
0. I9 
1.36 

0.94 
0.76 
1.43 

-0. I1 
-0.91 
-2.34 

-0.76 
-0.89 
-2.46 

30 uranium As cast 
Fabricated 
As cast 

0.63 
0.83 
0.84 

0.18 
1.01 
1.04 

1.53 
0. I7 
1.41 

1.72 
0.18 
1.70 

40 uranium 600 
100 
300 

0. 74 
0.17 
0.02 

Ditto 
Ditto 
Ditto 

50 uranium 600 
700 
300 

0.74 
0.17 
0.02 

Ditto 
Ditto 
Ditto 

0.85 
0.86 
0.63 

0.96 
0.80 
0.95 

1.44 
0.42 

-2.90 

0.0 
0.42 

-3.96 

60 uranium 600 
IO0 
300 

0.14 
0.17 
0.02 

Ditto 
Ditto 
Ditto 

-0.31 
0.71 
0.56 

-0.48 
0.50 
0.58 

-69.5 
-8.1 
-5.1 

0 )  
-9.55 
-6.20 

100 niobium 

Zircaloy-2 

131 
5 00 

0.05 
0.03 

Fabricated 
Ditto 

0.53 
0.66 

0.97 
c) 

0.24 0.30 Ditto 0.18 0.20 

~ 

(a) Average of two specimens. 
(b) Both specimens taken off test. 
(c) Completely oxidized after 56 days of exposure. 
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Attempts to improve the corrosion resis tance of thorium with cerium, niobium 
An increase 

A few alloys in which 
and zirconium, yttrium, and zirconium additions have been disappointing. 
in co::rosion resis tance by a factor  of two was  the best  obtained. 
the zjrconium-uranium ratio is further increased wil l  be prepared and tested. 
ever ,  resul ts  to date do not hold much promise  for alloying as a means  of obtaining 
improved corrosion r e  si s tanc e. 

How- 

Studies of the remaining ternary and quaternary alloys wi l l  involve investigations 
of the effect of casting variables and the effect of hot and cold work and heat treatment 
on tht: microstructure  of these alloys. 
obtaiiied on binary thorium-uranium alloys. The effect of alloying on recrystall ization 
wil l  also be investigated. Alloy mater ia l ,  in ixddition to that already on hand, is being 
prepared for  these studies. 

The resul ts  wil l  be compared with those already 

Buttons of thorium and thorium-uranium carbides have been a r c  melted and cast .  
The buttons a r e  found to decompose rapidly ort exposure to the atmosphere,  with the 
deconposit ion ra te  decreasing with increasing uranium content. Metallographic ex- 
aminzition of a thorium carbide-30 w/o  uraniwn carbide revealed a single-phase struc- 
tu re  c:onsisting pr imari ly  of equiaxed grains,  although some a r e a s  contained large 
elongated grains.  

FISSION-GAS RELEASE FROM REFRACTORY FUELS 

J. B. Melehan, W. G. Rieder, R .  H. Barnes,  and F. A. Rough 

The mater ia l s  and equipment preparations for study of fission-gas-release be- 
havio:,. of U 0 2  a r e  of continuing p r imary  interest  in this program.  These include the 
fabrication and preirradiat ion inspection of sintered and fused U 0 2 ,  and the design of 
equipinent for carrying out irradiations at the Battelle Research  Reactor and also for  
the ccllection and analysis of released fission gases .  
furnac:e for the in-pile beam-tube specimens and the gas-trapping and -monitoring com- 
ponents is now in the advanced stages.  

Construction of both the heating 

PreDaration of Fused and Sintered UO-, Irradiation Specimens 

Only limited experimental efforts were  rnade in the preparation and study of fused 
UO2 for use in postirradiation heat treatment for  determination of fission-gas release 
ra tes .  Physical measurements  of plate and spherical  specimens, determinations of 
weight, dimensions, surface a rea ,  and crystaLlographic orientation, and electron- and 
optical-microscopy studies a r e  continuing. 

Decontamination heat t reatments  for the removal of UN2 second phase a r e  st i l l  in 
progress .  Only par t ia l  success  has been experienced with techniques employed thus far. 
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Prepara t ion  of s intered U02 i r radiat ion specimens for  use in postirradiation and 
in-pile gas-release studies is under way, although no preirradiat ion characterization 
studies have begun. 

Design and Construction of Beam-Tube Furnace 

Shop drawings of the in-pile equipment were completed and fabrication was 
started.  
been placed for  all major  components of the in-pile equipment. 
to purchase a 5-kw induction heater f rom the low bidder was submitted for  AEC ap- 
proval. 
the decision to purchase a recirculator-exchanger.  A review of quotations on 
temperature-recording and control equipment and of the experiment operating c r i t e r i a  
led to the decision to purchase cer ta in  components. A perspective layout was made of 
the complete fission-gas-release experiment installed in the BRR. 

Fabrication is approximately 70 p e r  cent complete. Purchase  o r d e r s  have 
A request  for  approval 

Review of problems associated with load-coil cooling -water activation led to 

Prepara t ion  for In-Pile Study 

Construction of the gas-sampling sys tem for  the in-pile studies is continuing. 
Assembly of the apparatus to study the r e l ease  of fission gas  f rom fuel specimens in the 
radioisotope laboratory during post i r radiat ion heat t rea tment  is continuing. 
of both sys tems is expected to be  completed in September.  

Assembly 

GENERAL FUEL-ELEMENT DEVELOPMENT 

. .  S .  J. Paprocki  

e 

Investigations a r e  being conducted to develop c e r m e t  fuel mater ia l s  containing 
f rom 60 to 90 volume p e r  cent  of fuel d i spersed  in meta l  ma t r i ces  of chromium, molyb- 
denum, niobium, and s ta inless  s teel .  
niques and determination of physical and mechanical propert ies .  Results of these stud- 
ies  indicate that the ce rme t s  a r e  extremely promising fuel mater ia l s .  
content is relatively high, and they posses s  a thermal  stability and thermal  conductivity 
that a r e  far superior  to ceramic  fuels .  They also offer s t ruc tura l  support and the metal  
phase can be metallurgically bonded to compatible cladding mater ia l s .  

These include development of fabrication tech- 

The uranium 

Techniques have been developed for  the solid-phase bonding of niobium by use  of 
the gas-pressure-bonding process .  
promote diffusion. 
10,000 psi. 
a 10,000-psi gas  p re s su re .  
face and an excellent ductility. 

One method uti l izes zirconium at the interface to 
Bonding is achieved a t  1650 F with a helium gas  p re s su re  of 

Direct  self-bonding of niobium is  a lso achieved by t reatment  at 2100 F with 
The bonds possess  complete gra in  growth a c r o s s  the inter- 
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The mechanism involved in the solid-stiste bonding of similar metals  i s  being 
investigated. 
sults obtained through the use of the gas-pressure-bonding process .  

The studies a r e  fundamental and designed to re la te  theory to actual r e -  

Fabrication of Cermet  Fuel Elements 
~~ ~ ~~ ~~ ~~ 

S. J. Paprocki,  D. L. Keller,  G. W. Cunningham, and D. E. Kizer 

Cermet  fuel mater ia l s  consisting of f rom 60 to 90 volume per  cent of ceramic 
fuel tlispersed in chromium, molybdenum, niobium, o r  stainless s teel  mat r ices  a r e  
being investigated. 
of thc:oretical density o r  better a r e  hot p r e s s  forging, hot swaging, and gas-pressure 
bonding. 

Methods investigated for fabricating these mater ia l s  to 90 per cent 

Major emphasis is now being placed. on the gas-pressure-bonding technique. 

Rods of 80 volume p e r  cent UO2-molybdenum and -chromium have been fabricated 
by p r e s s u r e  bonding green-pressed ce rme t s  f 3 r  3 hr  at 2300 F under a helium gas p r e s -  
sure  of 10 ,000  psi. 
m e t a .  powder mixtures in a 1-in. -diameter die at 40 tsi to densities of 70 to 73 and 72. 3 
to 72 6 per  cent of theoretical, respectively, for the chromium- and molybdenum- 
matr x cermets .  
whicks stainless end plugs were  welded subsequent to evacuation and p res su re  bonding. 
Dens t ies  of 93.6 and 86.7 per  cent of theoretical were measured ,  respectively, on the 
chrornium- and molybdenum-matrix ce rme t s  after p r e s  sure  bonding. 
moly1)denum c e r m e t  has had i ts  stainless s tee l  sheath machined off and has been fitted 
into another stainless s teel  tube for additional p r e s s u r e  bonding at 2500 F. Segregation 
w a s  x isibly evident in the UOZ-chromium cermets ;  therefore,  additional specimens a r e  
being prepared for pressure-bonding studies. 

The rods were  prepared by cold pressing 80 volume per  cent U 0 2 -  

The green-pressed ce rme t s  were  then fitted in a stainless tube to 

The U 0 2 -  

Thermal-conductivity measurements  on ce rme t s  prepared by p res su re  bonding 
In addition, 80 volume per cent UOZ-molybdenum and -niobium are being continued. 

studit: s . 
3 powdt:r ce rme t s  in the fo rm of flat plates a r e  being prepared for pressure-bonding 

Gas -Pres su re  Bonding cif Molvbdenum- and 
Niobium-Clad Fuel  Elements 

S. J. Paprocki,  E. S. Hodge, R. WT. Gete, and P. J. Gripshover 

Molybdenum and niobium retain their  sti-ength a t  elevated temperatures  and pos- 
s e s s  favorable nuclear properties.  
struccural mater ia ls  for  high-temperature reactor  applications. 
bondiig technique is being studied as a possible method for cladding ceramic and 

These qualities make them potential cladding and 
The gas-pressure-  

cermet-type fuel with these metals.  
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Evaluation of a niobium specimen prepared by edge brazing with zirconium and 
p r e s s u r e  bonding at 2100 F and 10,000 ps i  for 3 hr  has revealed excellent bonding. 
The surfaces of this specimen were  prepared for bonding by pickling in a solution of 65 
par t s  "03 and 35 par t s  HF. Bend tes t s  made on this specimen showed the ductility of 
the niobium to be equal to that of as-received mater ia l ;  tes ts  made on sections taken 
f rom the brazed a reas  of the specimen also revealed excellent ductility. This tech- 
nique provides a method for edge welding niobium plates without the use of fusion weld- 
ing which often severely embri t t les  niobium. 

Various heat treatments have been investigated to improve the ductility of some 
as-bonded specimens which were embrit t led during the bonding cycle due to hydrogen 
pickup. 
2 h r  possess  ductility equal to that of as-received mater ia l .  

It has been found that embrit t led specimens t reated in vacuum at 2009 F for 

The mos t  satisfactory surface preparation for molybdenum plates has been found 
to be a pickle in concentrated ni t r ic  acid under a layer of kerosene. The role  of kero- 
sene in this operation i s  not c lear ly  understood; however, it has been postulated that it 
ac t s  only a s  a film between the nitric acid and the air and takes no active par t  in the 
reaction. In an effort to determine if this postulate w a s  t rue  a specimen was  prepared 
by pickling in nitric acid under cyclohexane. The cyclohexane should be completely 
iner t  with nitric acid but would not present  a similar protective film. 
was  p r e s s u r e  bonded at 2300 F and 10,000 psi  for  3 hr .  Examination of this specimen 
revealed that poor bonding had occurred,  indicating that apparently kerosene does take 
some active pa r t  in this reaction. 
these observations. 

This specimen 

Additional specimens wil l  be prepared to confirm 

In an effort to improve the as-bonded ductility of molybdenum severa l  specimens 
have been subjected to bonding cycles of lower temperatures  and shorter  t imes.  
bonds obtained at the lower conditions were  not  as good as those obtained at the higher 
bonding pa rame te r s ,  and no improvement in the ductility of the as-bonded molybdenum 
was  observed. Solution heat t reatments  at 2000 F for 2 h r  followed by a water quench 
have also failed to improve ductility of molybdenum-clad specimens. 
made to develop an edge-welding technique that w i l l  pe rmi t  the p r e s s u r e  bonding o f  
molybdenum without a protective envelope which introduces contamination. 

The 

Efforts a r e  being 

F a c t o r s  Affecting P r e s s u r e  Bonding 

G .  W. Cunningham and J. W. Spretnak 

An investigation is being made of the phenomena related to p r e s s u r e  bonding of 
similar metals.  Work has continued with self-bonded specimens of copper o r  zirconium 
in an effort to determine the nature of the interfacial  bond produced when the metals  a r e  
placed in intimate contact. 
means that a bond line is detectable but no voids o r  impurities a r e  visible at magnifica- 
tions up to 1OOOX. Also, at this stage there  i s  little o r  no grain growth a c r o s s  the 
interface.  
grain boundary in appearance, i t  probably contains a much higher concentration of 
vacancies o r  a r e a s  of misfit. High-temperature diffusion annealing, low-temperature 

The t e r m  "intimate contact" as r e f e r r e d  to in this study 

Tests  to date suggest that, although the interface resembles  an ordinary 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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annea ling under p r e s s u r e ,  and diffusion annealing of si lver into the interfacial boundary 
a r e  being used to study the bond. 

F o r  the high-temperature annealing studies, a copper specimen w a s  bonded by 
subjecting it to a p r e s s u r e  of 10,000 ps i  at 1100 F for 10 min. Specimens were  ex- 
amin1.d in the as-bonded condition, after a 2-hr anneal at 1900 F, a 26-hr anneal a t  
1900 F, and a 2-hr anneal at 1900 F subsequeiit to a 50 per  cent reduction in thickness 
by cold pressing. 
boundary and no void a r e a s  were  detected. 
seen in the boundary, but no grain growth a c r o s s  the interface had occurred. 
hr  at 1900 F the voids appeared to be SomewhiLt la rger  and in some cases  spaced 
farth1.r apar t ;  grain growth a c r o s s  the interface had occurred over l e s s  than 20 per  
cent of the section examined. 
facial boundary was  visible in the case of the specimen cold reduced before annealing. 
Thest? resul ts  indicate that res t r ic t ion of grain growth a c r o s s  the interface is not due 
to the presence of impurit ies in these specimens, and they also suggest that vacancies 
must  either diffuse away f rom the boundary, collect into widely spaced voids in the 
boundary, o r  be swept away by grain boundaries. In the case  of grain boundaries, it 
appears that wide-angle boundaries such as those produced during recrystall ization and 
grain growth a r e  necessary to serve  as vacancy sinks. 
for atlditional annealing studies. 

As bonded the interfacial boundary appeared to be s imilar  to a grain 

After 26 
After 2 h r  at 1900 F small voids could be 

Grain growth over more  than 40 per  cent of the inter- 

Specimens a r e  being prepared 

A se r i e s  of copper specimens is being prepared for annealing under p r e s s u r e  a t  
tempt:ratures of 1200 F and p r e s s u r e s  to 24,000 psi. 
unit i s  completed, p r e s s u r e s  up to 3000 ps i  a t  1900 F wil l  be used. It has been shown 
in prc:viously reported work that intimate contact and adhesion of the bonding surfaces  
a r e  obtained within a very short  period of t ime if the p r e s s u r e  i s  sufficiently high to 
cause plastic flow. 
growth a c r o s s  the interface. Under these conditions, it would not be expected that a 
large increase in p r e s s u r e  over that required for intimate contact would be especially 
beneficial except that i t  might reduce the total number of vacancies at the interface, but 
a v e r y  large pressure  might be required for  complete obliteration of the interface. A s  
would be predicted, comparison of specimens hot p re s sed  10 min a t  1100 F at p r e s s u r e s  
f rom 10,000 to 24,000 psi  does not show any significant difference. Comparison of 
annealed specimens wil l  be necessary to determine whether differences exist  in the 
numbzr of vacancies at the interface. 

When modification of the hot-press 

However, very little diffusion occurs  and there is little o r  no grain 

On the other hand, an increase in p r e s s u r e  would be expected to be beneficial 
during a diffusion anneal. 
on tho basis  of the Gibbs-Thomson equation, increasing the p r e s s u r e  effectively in- 
c r e a s e s  the vacancy saturation limit of the metal. However, since diffusion is t ime 
dependent, this relationship can be tested only during an anneal of severa l  hours. A 
se r i e s  of specimens now being prepared wi l l  he annealed at t imes to 4 hr  at a p r e s s u r e  
of 10,000 ps i  and a temperature  of 1150 F. 

According to a rela.tionship worked out by Barnes  at Harwell 

Diffusion of si lver into the interfacial  boundary has a lso provided indirect  evidence 
that a higher concentration of vacancies exists at the interface. 
bonded at 1100 F and 10,000 psi  for 10 min has been used to fo rm a diffusion couple with 
a cop13er-4 w/o  silver alloy. 
in ortler to precipitate the si lver,  the couple was sectioned and the diffusion of si lver 

A specimen p res su re  

After annealing 200 hr at 1245 F and cooling 1 F per  min 
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along the interfacial  boundary was  found to be grea te r  than along any grain boundary. 
Detailed metallography is in progress ,  and it may be possible to give a quantitative 
discussion of the resul ts .  

~ 

An interesting experiment with zirconium also suggests the presence of vacancies 
at the interface. Previous work at Battelle has shown that improved interfacial bonds 
on Zircaloy-2 a r e  obtained when the component is heated into the beta region for 5 min, 
cooled to the alpha region, annealed, and cooled to room temperature.  In connection 
with a different problem, work at The Ohio State University has indicated that when iron 
is cycled above and below the alpha-gamma transformation large internal s t r e s ses  a r e  
developed. 
grain growth a c r o s s  the interface promoted by both internal p r e s s u r e  and the use of 
grain boundaries as vacancy sinks when a me ta l  is cycled around the phase- 
transformation temperature.  
studying this phenomenon has been demonstrated by an experiment in which crystal-bar 
zirconium was p r e s s u r e  bonded a t  1250 F for  10 min at a p r e s s u r e  of 10,000 ps i  and 
subsequently cycled five t imes f rom 600 to 900 C and annealed 30 min at 550 C.  
p r e s s u r e  bonded, the interface showed intimate contact but no grain growth a c r o s s  the 
interface. 
(which a r e  visible in other a r e a s  of the specimen) could be seen a t  the bond line, but 
there was  100 per  cent grain growth a c r o s s  the interface. 
with iron and zirconium. 

This work suggests that vacancies can be removed from the interface and 

The value of such a treatment and the importance of 

As 

After cycling and annealing, some small voids or  possibly hydrides o r  oxides 

Additional work is planned 
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FF. FUEL-CYCLE P.ROGRAM STUDIES 

GAS-PRESSURE BONDING O F  CERAMIC, CERMET, AND 
DISPERSION F U E L  ELEMENTS 

S. J. Paprocki ,  D. L. Keller,  E. S. Hodge, C. B. Boyer,  
J. B. Fox, and ID. E. Kizer 

The p r ime  objectives of this program a r e  to utilize the gas-pressure-bonding 
techiiique to reduce fuel-element manufacturing cos ts ,  and, at  the same t ime,  toimprove 
the cuality of the fabricated elements.  The study i s  directed toward the refinement and 
f u r t t e r  development of the gas-pressure-bonding process  for  the simultaneous densifi- 
caticn and cladding with s ta inless  s tee l  of ce ramic ,  ce rme t ,  and dispers ion fuels.  The 
initill1 emphasis is being placed on pure U 0 2  ceramic  cores .  

In o rde r  to reduce fabrication costs  of lJO2 ceramic  fuel e lements ,  a high- 
temFerature  sintering operation is not being considered in  this program.  Instead, 
initill1 studies a r e  concerned with the cold Compacting of high-density U02 bodies which 
a r e  fiubsequently p re s su re  bonded to nea r  theoretical  density, i f  desired.  In o rde r  to 
prevent excessive deformation of the s ta inless  s teel  cladding during bonding, a mini- 
mum U 0 2  cold-pressed density of 70 p e r  cent of theoretical  has been selected.  

During the pas t  month, cold-compacting studies were made with severa l  grades of 
These include Mallinckrodt' s ceramic  grade,  dense ceramic  cominercial  U 0 2  powder. 

g rade ,  high-fired grade ,  and a special  dense grade as well  a s  a high-fired grade p re -  
parell by Nuclear Equipment and Mater ia ls  Company. 
o rde r  a r e  Mallinckrodt' s spherical  grade and a fused grade f rom Spencer Chemical 
Company. 

Other types of U 0 2  powder on 

The compacting charac te r i s t ics  of these powders will  be evaluated on the basis  of 
their  par t ic le  shape, s ize ,  and distribution, their  porosity,  and their  method of 
p r e  pq ir at i on. 

In Table FF-1 ,  the resu l t s  of the cold-compacting studies a r e  l isted.  The com- 
pacting p r e s s u r e  was varied between 20 and 55 ts i .  
of thi: pellets was not adequate to pe rmi t  e i ther  rapid ejection f rom the die o r  sub- 
sequ1:nt handling during assembly.  
becoine uneconomical because of excessive die wear  and breakage. 

Below 20 tsi, the green s t rength 

Above 55 tsi, it is thought that the process  would 

In Figure FF- 1 ,  the data obtained with the Ceremul  "C" binder i s  plotted as a function 
of density and compacting p res su re .  
f rom the standpoint of densification during compacting is quite apparent.  

The superior i ty  of s eve ra l  of the U 0 2  grades 

Fur ther  studies along this line will incl ide an investigation of other binders and 
grad1:s of U 0 2 .  
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TABLE FF-1. GREEN DENSITIES OF UO2 COMPACTS 

Specimen Binder 

Height-to- 
Compacting Diameter Density, Density, per cent 
Pressure, tsi Ratio g per cm3 of Theoretical 

u-1044 
U-1045 
U -1046 
U-1047 
U -1048 
U-1049 
u-1052 
U-1053 
U -1054 
U -1055 
U-1056 
U-1057 
U-1058 
U-1059 
U-1060 
U-1061 
U-1062 
U-1063 

U-1094 
U-1093 
u -1092 
u-1089 
u -1091 
u-1090 
U-1095 
U-1096 
u-1097 
U-1098 
u -1099 
u-1100 
u-1101 

u-1102 
U-1103 
U-1104 
U-1105 
U-1106 

U-1107 
U -1108 
u -1109 
u -1110 
u -1111 
u-1112 
U -1113 

NUMEC Minus 325 -Mesh High-Fired U02 

Camphor -alcohol slurry 20 0.5 
Camphor -alcohol slurry 25 0.5 
Camphor -alcohol slurry 30 0.5 
Camphor -alcohol slurry 35 0.5 
Camphor -alcohol slurry 40 0.5 
Camphor -alcohol slurry 50 0.5 
Ceremul "C" 20 0.5 
Ceremul "C" 25 0.5 
Ceremul "C" 30 0.5 
Ceremul "C" 35 0.5 
Ceremul "C" 40 0.5 
Ceremul "C" 50 0.5 
Ceremul "C" 20 1 
Ceremul "C" 25 1 
Ceremul "C" 30 1 
Ceremul "C" 35 1 
Ceremul "C" 40 1 
Ceremul "C" 50 1 

MCW Depleted As-Received Special Dense Grade U02 

Ceremul "C" 20 1 
Ceremul "C" 25 1 
Ceremul "C" 30 1 
Ceremul "C" 35 1 
Ceremul "C" 40 1 
Ceremul "C" 50 1 
Camphor -alcohol slurry 20 1 
Camphor -alcohol slurry 25 1 
Camphor -alcohol slurry 30 1 
Camphor -alcohol slurry 35 1 
Camphor -alcohol slurry 40 1 
Camphor -alcohol slurry 50 1 

. Camphor -alcohol slurry 55 1 

MCW Depleted As -Received Dense Ceramic Grade UO2 

Camphor -alcohal slurry 20 1 
Camphor -alcohol slurry 25 1 
Camphor-alcohol slurry 30 1 
Camphor -alcohol slurry 35 1 
Camphor -alcohol slurry 40 1 

Camphor -alcohol slurry 20 1 
Camphor -alcohol slurry 25 1 
Camphor -alcohol slurry 30 1 
Camphor -alcohol slurry 35 1 
Camphor -alcohol slurry 40 1 
Camphor-alcohol slurry 50 1 
Camphor -alcohol slurry 55 1 

MCW Depleted Minus 400-Mesh High-Fired UO2 

.. ... . ... . .. .. . . .*. .. .. . .  .. . ... ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. ... . .. 0 . .  ... 
a *  0 0 0  0 0 D 0 0  0 0  0 0 e o 0  e e o *  e o  

7.40 
7.86 
7.84 
7.96 
8.14 
8.06 
7.71 
7.80 
7.90 
8.07 
8.05 
8.12 
7.72 
7.85 
8.00 

8.07 
8.15 
8.22 

8.33 
8.52 
8.60 
8.64 
8.75 
9.34 
7.78 
8.29 
8.35 
8.48 
8.53 
8.67 
8.75 

6.17 
6.31 
6.38 
6.49 
6.59 

7.54 
8.04 
7.89 
8.05 
8.11 
8. 29 
8. 34 

67.5 
71.8 
71.5 
72.9 
74.3 
73.6 
70.4 
71.3 
12.1 
73. 7 
73.5 
74.1 
70.5 
71. 7 
73.1 
73.7 
74.4 
75.0 

76.0 
77.8 
78.5 
78.8 
80.0 
85.3 
71.0 
75.6 
76.3 
77.4 
77.9 
79.1 
80.0 

56.3 
57.6 
58.2 
59.2 
60.2 

68.8 
73.3 
72.0 
73.5 
74.0 
75.6 
76.1 
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TABLE FF-1. (Continued) 

u-1114: Ceremul "C" 
u -111:' Ceremul "C" 
U- l l l f i  Ceremul "C" 
u-111')' Ceremul "C" 
u-11W Ceremul "C" 
u-111:1 Ceremul "C" 
U-112(1 Ceremul "C" 

MCW Depleted As-Received Special Dense Grade U02 

20 1 
25 1 
30 1 
35 1 
40 1 
50 1 
55 1 

MCW Depleted As-Received Dense Ceramic Grade U02 

8.33 
8.44 
8.54 
8.70 
8.75 
9.36 
9.47 

76.0 
77.0 
78.0 
79.4 
79.9 
85.5 
86.4 

Height -to - 
Compacting Diameter Density, Density, per cent 

Specimen Binder Pressure, tsi Ratio g per cm3 of Theoretical 

u-1121 
u-112:; 
u-112:1 
U - l l D ;  

u -112'1 
U-112i' 
U-112II 
U-113(1 
u-1131 

Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 

Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 

20 1 
25 1 
30 1 
35 1 

MCW Minus 400-Mesh High-Fired U02 

25 1 
30 1 
35 1 
40 1 
50 1 

6.08 
6.24 
6.33 
6.38 

7.93 
8.04 
8.14 
8.15 
8.34 

55.5 
56.9 
57.8 
59.3 

72.4 
73.4 
74.2 
74.4 
76.1 

.. ... . . . .. e. . 0.. . ..: 0.  * . .  ... ... . *  .. .. .... . . .. s 0 . . e  0 . .  e .  
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FIGURE FF-1. EFFECT O F  COMPACTING PRESSURE ON THE GREEN 
DENSITY O F  VARIOUS TYPES O F  U 0 2  POWDERS 

Ceremel  "C" binder w a s  employed in  all specimens. 
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FF- 5 

packed U 0 2  to promote densification. 

The tap density of the various U 0 2  powders was measured  and i s  reported in 
Tab!e F F - 2 .  

TABLE FF-2. TAP DENSITY OF SEVE17AL COMMERCIAL U02 POWDERS 

Densitv 

G per ~ m 3  
Per Cent of 
Theoretical 

MCW ceramic grade 
MCW dense ceramic grade 
MCW high-fired grade 
MCW special dense grade 

1.75 
3.74 
5.93 
6.94 

16 .0  
34.1 
54.1 
63.3 

Eight rod-type specimens containing a 1;otal of 40 compacts with init ial  green 
densit ies as high as 86 pe r  cent of theoret ical  have been p r e s s u r e  bonded. The specifi-  
caticns for  these compacts a r e  presented in  Table FF-3. The cores  measu re  0 .  540 in. 
in  011, have a cladding thickness of 0. 020  in. , and a r e  of various lengths. These speci-  
men:; a r e  being evaluated to determine the final densification of each of these compacts.  

The investigation into the effect of the bonding pa rame te r s  of t ime,  tempera ture ,  
and 1)ressure on the bonds obtained with Type 304 s ta inless  s teel  i s  being continued. 

....... ... ..I ............. 
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Green Compacts for Pressure Bonding 
Approximate 
Height -to- Density , Pressure -Bonding Conditions 

Compacting, Height, Diameter, Diameter Density, per cent of Time, Temperature, Pressure, 
Specimen Binder Pressure, tsi in. in. Ratio g per cm3 theoretical Tube hr F psi 

Usable Scrap High-Fired U02 

U -1005 Camphor/alcohol 
U -1006 Camphor/alcohol 

U -1035 Camphor/alcohol 
U -1028 Ceremul "C" 
U -1029 Ceremul "C" 

35 0.753 
40 0.750 

20 0.532 
35 0.516 
45 0.517 

0.540 1.5 7.44 
0.540 1.5 7.40 

MCW Ceramic Grade U02 

0.540 1 5.86 
0.539 1 5.97 
0.539 1 6.12 

NUMEC High-Fired U 0 2  

U-1058 
U-1060 
U-1062 
U-1063 
U-1064 
U-1065 
U-1069 
U-1074 
U -1076 
U-1078 
U -1081 
U-1082 
U -1083 
U-1084 
U -1085 
U-1086 
U-1068 
u-1072 
U-1073 
U -1075 
U-1077 
U -1079 
U-1087 

Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Camphor -alcohol slurry 
'Camphor -alcohol slurry 
Camphor -alcohol slurry 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Camphor -alcohol slurry 
Camphor -alcohol Flurry 
Camphor -alcohol slurry 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 
Ceremul "C" 

20 0.432 
30 0.467 
40 0.526 
50 0.489 
35 0.445 
35 0.503 
35 0.510 
35 0.510 
35 0.510 
35 0.505 
35 0.507 
35 0.505 
35 0.506 
35 0.507 
35 0.504 
35 0.500 
35 0.513 
35 0.516 
35 0.514 
35 0.5 13 
35 0.513 
35 0.513 
35 0.500 

0.538 
0.538 
0.538 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 
0.539 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

7.72 
8.00 
8.15 
8.22 
7.83 
7.89 
7. 78 
7.79 
7.80 
7.78 
7.80 
7.85 
7.81 
7.80 
7.90 
7.91 
7. 78 
7.71 
I .  75 
7.76 
7.77 
7. 70 
7.94 

67.8 
67.5 

53.3 
54.5 
55.9 

70.5 
73.1 
74.4 
75.0 
71.5 
72.0 
71.0 
71.1 
71.1 
71. 1 
71.2 
71.7 
71.2 
71.2 
72.1 
72.2 
71.0 
70.4 
70. I 
70.8 
71.0 
70.4 
72.5 

1 
1 

1 
1 
1 

2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
6 

2 
2 

2 
2 
2 

2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2100 
2100 

2100 
2100 
2100 

2100 
2100 
2100 
2100 
2100 
2100 
2100 
2100 
2100 
2100 
2200 
2200 
2200 
2200 
2200 
2200 
2150 
215 0 
215 0 
215 0 
215 0 
2150 
2150 

10,000 
10,000 

Ditto 
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TABLE FF -3. (Continued) 

~~~ 

Green ComDacts for Pressure LIOnCIinE 
Approximate 
Height -to - Density, Pressure-Bonding Conditions 

Compacting, Height, Diameter, Diameter Density, per cent of Time, Temperature, Pressure, 
Specimen Binder Pressure, tsi in. in. Ratio g p e r  cm3  theoretical Tube hr F psi 

.- 

MCW Special Dense U 0 2  

U-1120 Ceremul "C" 55 0.424 0.539 1 9.47 86.4 7 2 2100 10,000 
U-1090 Ceremul "C" 50 0.431 0.539 1 9.34 85.3 7 2 2100 Ditto 
U -1091 Ceremul "C" 40 0.470 0.539 1 8.75 80.0 7 2 2100 
U -1099 Camphor-alcohol slurry 40 0.470 0.539 1 8.53 77.9 7 2 2100 
U -1100 Camphor -alcohol slurry 50 0.462 0.539 1 8.67 79.1 7 2 2100 
U -1101 Camphor -alcohol slurry 55 0.458 0.539 1 8.75 80.0 7 2 2100 

MCW High-Fired U 0 2  

U-1129 Ceremul "C" 35 0.493 0.539 1 8.14 74.2 8 2 2100 
U-1130 Ceremul "C" 40 0.492 0.539 1 8.15 74.4 8 2 2100 
U -1131 Ceremul "C" 50 0.477 0.539 1 8.34 76.1 8 2 2100 

0.43; u. OOJ I 8 L I U U  u -LILA Caiiiphui-.&dic; &uiiy 

U -1112 Camphor-alcohol slurry 50 0.481 0.539 1 8.29 75.6 8 2 2100 
U -1113 Camphor-alcohol slurry 55 0.416 0.540 1 8.34 76.1 8 2 2100 

n n., nn n.4 n 
I * .  u 

0 7-8 
0. IL 
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DEVELOPMENT O F  URANIUM CARBIDE- TYPE FUEL MATERIALS 

F. A. Rough and W.  Chubb 

In an  attempt to reduce fuel-cycle cos ts  for  the production of e lec t r ica l  power 
f rom nuclear energy, the AEC has sponsored a s e r i e s  of r e sea rch  p rograms  aimed a t  
the utilization of uranium carbides a s  reac tor  fuels.  
of r e s e a r c h  has been initiated to develop techniques for preparing solid shapes of 
uranium carbides , to determine their  physical  and mechanical propert ies  , and to obtain 
some information on the nature and mechanism of their  i r radiat ion damage. 
course  of this program,  up to the p re sen t  t ime,  information has been reported on the 
effects of cer ta in  impuri t ies  upon the casting behavior, corrosion resis tance,  and 
strength of uranium monocarbide. The densi t ies  and e lec t r ica l  res is t ivi t ies  of uranium 
alloys containing f rom 0 to 9. 2 w/o  carbon were  reported las t  month in BMI-1357. 

At Battelle, an integrated p rogram 

In the 

During the pas t  month, reactions for the production of powdered o r  s intered 
uranium monocarbide f rom a var ie ty  of s tar t ing ma te r i a l s  have been investigated. 
Powder containing 3 .  8 w/o  carbon was prepared  by reacting uranium meta l  with 
methane. 
diffusion of uranium and carbon in  the uranium monocarbide-uranium dicarbide sys tem 
at tempera tures  f rom 1600 to 1980 C have been advanced to the point where i t  i s  possi-  
ble to calculate an activation energy for  diffusion of 92,000 ca l  p e r  mole.  

Several  other reactions appear promising. Studies of the ra tes  of inter-  

Alternate Fabrication Methods for  UC 

S. J. Paprocki ,  D. L. Kel ler ,  G. W. Cunningham, and D. E. Kizer 

Severa l  methods of producing high-density UC pellets a r e  being investigated. 
These methods include sintering of UC powders prepared  by various techniques as well 
as reacting uranium with carbon, UC2 with uranium, and the uranium oxides with c a r -  
bon at tempera tures  high enough for  densification to occur .  
production as well  as the quality of the UC pellets will be used as basis  for evaluation. 

The economics of m a s s  

Compacts of a r c -cas t  and crushed UC powder of 4 .70  and 4. 85 w/o  carbon were 
s intered 2 h r  a t  1850 C. 
higher density than the 4 .85  w/o  carbon; however, accurate  conclusions could not be 
made because the pellets were  oxidized considerably when removed f rom the furnace.  
Additional compacts of the ma te r i a l  a r e  being prepared  for sintering studies. 
tion, a pellet  compacted f rom a stoichiometric mixture  of uranium and graphite has 
been s intered for  4 h r  a t  1100 C.  
to temperature .  
a r e  available at this t ime. 

Indications a r e  that the 4, 70 w/o carbon UC sintered to a 

In addi- 

Considerable degassing was evidenced during heating 
Neither density measurements  nor microscopic-examination resu l t s  

............ . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Powder of uranium-3.8 w/o  carbon has been prepared by reaction of uranium 
met2.l with methane. 
a r e  being prepared for  sintering studies. 
with methane in an attempt at  obtaining stoichiometric UC powder. 

Compacts of stoichiometric mixtures  of this mater ia l  and carbon 
In addition, uranium meta l  i s  being reacted 

An evaluation of the f ree  energy of severa l  possible reactions leading to the 
f o r r a t i o n  of UC has been made,  and, f rom this standpoint, the reaction of UC2 with 
the ~ r a n i u m  metal  to produce UC appears prcimising a t  temperatures  of 1000 K and 
above. 
reaction. 
fo r  Eintering. 
appe(2rs promising for  the formation of UC f rom the free-energy standpoint. 
reactions a r e  being considered for possible investigation. 

Crushed arc-cas t  UC2 and uranium powder a r e  being mixed to investigate this 
In addition, mixtures  of UC, UC2, and uranium metal  a r e  being prepared 

The bomb reaction of U F 4  o r  UF6, calcium, and CaCZ to UC and CaF2 
These 

Melting and Casting Techniques for Uranium-Carbon Alloys 

W .  M. Phillips, E. L. Fos te r ,  and R. F. Dickerson 

Melting and casting procedures for the preparation of simple,  cylindrical as- 
cas t  shapes of UC in s izes  up to 1 /2  in. in diameter  and 2 in. long have been developed 
and ;we capable of consistently producing high-quality homogeneous castings to specifi- 
cations of plus o r  minus 0. 1 w/o carbon. It i s  desired to extend these techniques to 
include the preparation of l a rge r  and more  va.ried shapes. The r e sea rch  will include 
studies of the effects of impurit ies,  alloys , carbon content, start ing mater ia l s  , and 
molding variations on such character is t ics  as  ease  of casting, soundness , surface 
quality, cas t  s t ruc ture ,  and homogeneity. 

Nondestructive methods of evaluation such a s  radiography, resist ivity measure-  
ments ,  ultrasonic testing, and metallographic: examination will be used in an attempt to 
prov1.de an accurate evaluation of the mater ia l s  produced. 
comrnercial  sources  of mater ia l s  will be used to produce UC of different propert ies .  
Materials produced by solid-state reaction, gaseous reaction, and d i rec t  alloying will 
be e\,aluated to determine the effects of production techniques on casting. 
additions will be made first with elements that might be expected to contaminate UC 
durirtg normal processing and second with elements which might be expected to improve 
the casting propert ies  of UC. 

To the extent possible,  

Alloying 

At the present  t ime molds and crucibles a r e  being prepared for  melting of UC by 
skull-melting techniques. 
arc-inelt  crucible. 
furnEtce. 
accoinpanies the casting of UC into mass ive ,  cold graphite molds.  

A UC skull is being prepared to act  as a l iner  in the skull 
An induction-heated graphite mold is being prepared for  this 

The mold-heating device is intended to alleviate the thermal  shock that 
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Metallurgical and Engineering P rope r t i e s  of Uranium Monocarbide 

W .  M. Phill ips,  E. L. Fos t e r ,  and R. F. Dickerson 

This r e sea rch  for the Fuel-Cycle Development P r o g r a m  has to do with the prop- 
e r t ies  of uranium-carbon alloys as influenced by processing and composition var iables .  
Mechanical propert ies  such as modulus,  rupture s t rength,  and hardness  a s  well a s  
physical propert ies  such a s  e lectr ical  and thermal  conductivity, density, corrosion 
behavior, and others of specific in te res t  a r e  being and will  be studied in  an attempt to 
es tabl ish the qualities of these alloys. 

Previous work on this p rogram has shown that additions of hydrogen, nitrogen, 
and oxygen have a considerable effect on the corrosion resis tance of UC in  water at 
60 C.  Increased amounts of these additions and silicon, which producedpoor castability 
of U C ,  were  added to charges that were subsequently drop cas t  into a cylindrical  shape 
(1-3/4 in. long by 3/8 in. in  d iameter ) .  In evaluating the effects of these impuri t ies  on 
the casting qualities of UC (4. 8 to 5. 0 w / o  carbon) it was found that 200 ppm of silicon 
was detr imental .  
up to 1 w/o. 
and nitrogen did not exhibit any g rea t  change in casting qualities. 
ditions involving me l t  charges  containing l e s s  than stoichiometric quantities of carbon, 
U 0 2  additions of 10 volume p e r  cent o r  m o r e ,  and hydrogen and nitrogen atmospheres  
caused ser ious  casting difficulties. 

No ser ious casting difficulties were  experienced with U02 additions 
UC (4. 8 to 5. 0 w /o  carbon) melted in atmospheres containing hydrogen 

However, under con- 

Specimens of cas t  UC have been heat t reated a t  1500 C for  1 hr  and the effects of 
this heat t reatment  on mechanical proper t ies  a r e  being evaluated. Studies concerned 
with the compatibility of UC with var ious ma te r i a l s ,  and studies of the corrosion ra te  
of UC in  NaK a t  1500 F a r e  in p rogres s .  

Uranium Monocarbide Diffusion Studies 

W. Chubb and F. A. Rough 

The r a t e s  of diffusion of uranium and carbon in uranium carbides  a r e  important 
f rom the standpoints of understanding sintering phenomena, mechanical propert ies  at  
high tempera ture ,  precipitation phenomena, and diffusion of f iss ion gases  in i r radiated 
specimens,  To obtain some indication of the magnitude of diffusion r a t e s  in  these c a r -  
bides,  measurements  have been made  of the ra te  of growth of the combined UC and UCz 
l ayers  between a graphite crucible and carbon- saturated uranium metal .  Determination 
of interdiffusion r a t e s  by this method is almost  complete , and experimental  techniques 
a r e  being developed for determination of self-diffusion r a t e s  of uranium in uranium 
monocarbide. 

Measurements  of the total thickness of the l aye r s  of UC and UC2 formed between 
graphite and uranium were successfully completed in three out of four cases  of mel t s  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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held for various lengths of t ime a t  1800 and 1'900 C.  
a t  1800 C and the resu l t s  show good agreement with the assumption that the thickness of 
the 1;iyers var ies  a s  the square root of t ime. The diffusion coefficients calculated f rom 
these three melts  and f rom two previous mel t s  made at 1600 and 1980 C a r e  shown in 
the following tabulation: 

Two measurements  were obtained 

Temperature. 
C 

1600 

Interdiffusion 
Coefficient, 

D, cm2 per sec 

3.6 x l o m 8  

1800 2.3 10-7 

1800 3.3 x 10-7 

1900 1.6 x 10-6 

1980 2.2 x 10-6 

Thesl? resu l t s  s eem to be fair ly  accura te ,  since they fall very close to a s t ra ight  line 
when log D is plotted versus  the reciprocal  of temperature .  An activation energy for 
intertiiffusion in this duplex, UC plus UC2, sys tem can be calculated f rom these data. 
The I ,esult ,  92,000 ca l  pe r  mole,  appears  to be reasonable for a sys tem such a s  this 
one iiivolving solvents having very  high melting points. It should be emphasized that 
these diffusion resu l t s  a r e  based on the assumption that the phases ,  UC and UCz, a r e  
sufficiently similar to be considered to be one single solvent. 

Techniques for determining r a t e s  of self-diffusion of uranium in uranium mono- 
carbide a r e  being investigated. 
samples  of carbide for  diffusion annealing is being tes ted.  
ing g :inding with carbide g r i t  on g lass  has had to be abandoned because sodium f rom 
the glass  will in te r fe re  with the activation analysis.  
stone i s  being considered. 

A,technique f o r  sandwiching enriched uranium between 
A sampling technique involv- 

Grinding on a carbide grinding 

Future work will include two additional interdiffusion mel t s  at 1600 C ,  some 
addit:.onal checks on the thicknesses of carbidle layers  in mel t s  already prepared ,  fur-  
t he r  (ievelopment and application of techniques for determining r a t e s  of self-diffusion 
of urdmium in uranium monocarbide,  and a sea rch  for suitable techniques for deter-  
minir g self-diffusion of carbon in  uranium monocarbide.  

I r radiat ion Effects in  UC 

A. E. Austin and C.  M. Schwartz 

The present  investigation i s  intended to study the basic effects of neutron i r r ad ia -  
tion 2nd fission in uranium carbide.  
diffr2.ction and scat ter ing measurements  and electron microscopy to determine c rys ta l -  
s t ruc ture  and physical- s t ructure  changes. 

Fo r  this purpose,  it i s  planned to use  X-ray 
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The X-ray diffraction method requires  use of powder mater ia ls .  The necessary 
techniques a r e  being worked out and specimen-handling equipment is  being designed. 

The use  of low-angle X-ray scattering is being considered to  determine very 
small voids or gas bubbles. 
a r e  needed to decrease the X-ray absorption and allow thin sections to be prepared.  
Alloys of 90 w/o ZrC-10 w / o  UC,  80 w/o  ZrC-20 w/o U C ,  and 60 w/o  ZrC-40 w/o  UC 
have been a r c  melted and a r e  being examined for homogeneity. 
required thin sections will be t r ied.  

F o r  this purpose alloys of zirconium and uranium carbides 

Methods of making the 

Techniques have been evolved for preparation and replication of cas t  UC for  
electron microscopy. It i s  planned to  t r y  these methods on irradiated arc-cast  UC. 

e 
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GG-1 and GG-2 

GG. VOID-DISTRIBUTION AND HEAT-TRANSFER STUDIES 

D. Gril lot ,  D. A. Dingee,, and J. W .  Chastain 

Battelle is conducting a program to evaluate steam-void content, heat t r ans fe r ,  
and I i ressure- loss  relationships in  subcooled boiling-water simulated reac tor  coolant 
chaniiels. 
best  void-detecting apparatus.  

During the pas t  month experimentti were  performed in an effort  to select  the 
Reassembly of the heat-transfer loop was initiated. 

Tentatively, it has been decided to begin the investigation with a parallel-plate 
Since s t eam voids will form on the walls,  a void- 

Bench tes t s  

configuration for the t e s t  section. 
detecting method which may  be used perpendicular to the plates is being sought. Beta- 
ray  zbsorbtion appears  promising if  thin-walled tes t  sections a r e  used.  
were  conducted using the 2. 1-Mev beta f rom yttrium-90 in  equilibrium with strontium- 
90. The maximum range of these betas i s  a b m t  1000 mg p e r  cm2.  
beta from praseodymium-144 (penetration approximately 1600 mg  p e r  cm2) would pe r -  
m i t  the use  of 10-mil-thick s tee l  t es t  section:; with a g rea t e r  than 0. 3-in. -thick water 
gap. 

The 2. 98-Mev 

Purchase  of such a source i s  being investigated. 

In one experimental  arrangement ,  a 1 /tl-in. -thick anthracene c rys ta l -  
photc,multiplier-tube detector was used for  beta counting. 
window Geiger tube was employed. 
the useful range of detection to approximately 600 mg  pe r  cm2.  
this I-ange a r e  being investigated. 

In a second setup an end- 
In both citses i t  appears  that Bremsstrahl ing l imits  

Methods of increasing 

The heat- t ransfer  loop has been partia1:ly reassembled.  The pump , preheat  
sec t i 'ms  , s team condenser , and much of the loop piping have been installed.  
the power equipment is on hand awaiting installation. 

Most of 

During the coming month experiments to select  the void-detection method will 
conti'iued. 
of the. loop construction, including electr ical  wiring, will be completed. 

The test-section dimensions and design will be specified. Fur ther  details  
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H. PHYSICAL RESEARCH 

F. A. Rough 

Physical r e sea rch  is reported for progr'ams concerned with the thermal  migra- 
tion of hydrogen in zirconium and with the preparation and properties of refractory 
uranium compounds. The experimental work on the la t ter  program has been concluded. 

A diffusion cel l  for the study of the migration of hydrogen in zirconium under a 
the r r i a l  gradient is currently being redesigned. 
obtai led with the initial cel l  constructed. 

The changes were dictated by resul ts  

Diffusion ra tes  of hydrogen in  beta zirconium at temperatures  of 650 to 850 C 
have been studied and are found to be described by the equation 

D = 3.11 x l o 4  exp (-44,50O/RT). 

Preparat ion and ]?roperties of 
Refractory Uranium Compounds 

A. B. Tr ip le r ,  J r . ,  M. Jack Snyder, and W.  H. Duckworth 

In this work, the effect of processing variables on the physical properties of sin- 
tered uranium monocarbide compacts is being sought. 

The experimental  work has  been concluded and final measurements  of physical 
propc.rties a r e  being made. A topical report  :is i n  preparation. 

Thermal  Migration of Hydrogen in  Zirconium 

J. W. Droege, W.  M. Albrecht, 
W .  D. Goode, a n d H .  H. Krause 

The migration of hydrogen in  zirconium under the influence of a thermal  gradient 
is bej.ng examined. Prel iminary experiments with the first diffusion cell  to be fabri -  
cated have indicated that some changes in  design a r e  necessary,  and these a r e  under 
way. The measurements  of the diffusion coef:ficients for hydrogen in beta zirconium 
have been completed. 
hydride. 

Similar measurements  will now be made on the delta zirconium 

Therinal Diffusion 

The diffusion cel l  which was constructed initially consisted of a disk of zirconium 
hydride separated by stainless s teel  foil f rom two copper blocks, the whole being p r e s -  
sure  bonded in  a stainless s teel  cylinder. Thlz-entire assembly was brought to 
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Y temperature  in  a tube furnace, and a thermal  gradient was imposed on the diffusion cel l  
by an auxiliary heater .  
tained with the first cell.  The zirconium hydride will be formed -- in situ so  that better 
bonding to the cel l  jacket can be obtained. 
flow of heat, the entire heating sys tem is being redesigned to provide adiabatic condi- 
tions. 
tion of the thermal  gradient may be made. 

Several  design changes have been dictated by the resul ts  ob- 

Inlorder to get more  nearly one-dimensional 

Provision will be made for measuring the heat flow, so  that accurate determina- 

Diffusion Coefficients 

Diffusion ra tes  of hydrogen in  beta zirconium have been determined in the range 
650 to 850 C f r o m  permeation-rate data by both the steady-state and t ime-lag methods. 
Experiments were  conducted with zirconium disks,  0 .03 to 0. 1 c m  thick, which varied 
in  average hydrogen concentration f r o m  9 to 3 3  a /o .  

The diffusion coefficients determined by both methods with samples of differing 

Within the limits of experimental  e r r o r ,  there  was no change in diffusion 
thickness a r e  in  agreement,  indicating that the permeation ra tes  measured  a r e  diffusion 
controlled. 
coefficient with concentration. 
scribed by the equation, 

The diffusion of hydrogen in  beta zirconium can be de- 

D = 3.11 x lo4 exp (-44,50O/RT), 

where the activation energy of the diffusion process  is 44. 5 kcal per  g-atom. 

The variation of the diffusion coefficient with temperature  and with hydrogen con- 
centration will now be determined for the delta zirconium hydride. 

n 
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I. SOLID HOMOGENEOUS FUELED REACTORS 

W. Diethorn and W. :H. Goldthwaite 

Research  in  support  of the development and evaluation of spherical  fueled-graphite 
elemejits for  the Pebble-Bed Reactor is  continuing. 
in diarneter,  prepared by severa l  vendors and varying in composition and method of 
manufiicture , a r e  being evaluated by laboratory t e s t s  and i r radiat ions to obtain informa- 
tion or. their  s t ruc tura l  integrity and fission-product-retention character is t ics .  

Candidate fuel elements , 1- 1 / 2  in. 

LABORATORY EVALUATIONS O F  FUELED- 
GRAPHITE SF'HERES 

J. F. Lynch, M. C. Brockway, S. Rubin, 
W. C. Riley, and W. H. Duckworth 

Eipherical fueled-graphite elements a r e  being evaluated in  preirradiat ion tes t s .  
Se1ectc:d thermal  and mechanical properties , micros t ruc ture ,  and uranium surface con- 
tamination a r e  being studied. 

Iluring July , metallographic examinations were made of two fueled-graphite 
spheres ,  each f rom a different vendor. 
ments was determined by etching polished specimens.  
consis1;ed of a UC2 ma t r ix  with UC precipitated both in  grain boundaries and as bands 
within the UC2 grains .  
other ~ p h e r e  were composed of varying amounts of UC and UC2 ranging f rom 20 to 
80 w/o UC. 
specimens were fragmented and i r regular  i n  shape. 
were 1r:ss fragmented. 
U c 2  sFhere. 

The composition of the fuel in both types of ele- 
The fuel par t ic les  in  one sphere 

This sphere reportedly contained UC fuel. Fuel  par t ic les  in  the 

The fuel particles in both 

Average par t ic le  s ize  was 104 p in the U C  sphere and 63 p in the 

This l a t t e r  sphere was reported t o  contain UC2. 
Fuel  par t ic les  i n  the UC sphere 

l 'he  uranium surface contamination of one vendor's S i c -  coated fueled-graphite 
Previous alpha counts of the coating surface were sphere 3 was investigated further.  

supplernented by alpha counts of powder samples  taken from successive l aye r s  of the S i c  
coating. 
out the coating. 

The measurements  indicate that uranium contamination i s  distributed through- 

Pyrolytic carbon coatings on some of the fueled spheres  supplied recently by a 
third v1:ndor showed no apparent leakage in  the o i l  t e s t  at 400 F. 
these spheres  is accordingly bet ter  than that reported previously for  pyrolytic carbon- 
coated spheres .  

Coating integrity of 

A. t e s t  to determine the tendency of si l icon-sil icon carbide coatings to weld together 
at elevdLted temperatures  was invalidated because of air leakage into the apparatus.  
equipment has been modified to avoid this difficulty and i s  being checked. 

The 
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FABRICATION DEVELOPMENT OF A1203-CLAD UO2 

FUEL PARTICLES 

A. K. Smalley, W. C. Riley, and W. H. Duckworth 

Densely sintered A1203 claddings for  U 0 2  fuel particles a r e  being developed in a 
new program initiated this month. This work is an extension of the work reported in 
BMI- 1321. 

Prel iminary cladding trials were  made,  using a pelletizing technique to apply com- 
pacted shells of sinterable A1203 powder to U 0 2  fuel 'particles.  
will be evaluated initially by heating the composite pellets in  air at 1200 F and measuring 
any weight gain resulting f rom oxidation of the U 0 2  cores  to U3O8. 

The sintered claddings 

FISSION-PRODUCT RELEASE FROM FUELED- 
GRAPHITE SPHERES 

W. Diethorn 

Fission-product re lease  f r o m  fueled- graphite spheres  of various compositions is 
being studied by postirradiation heat-treatment experiments (dynamic activation). 
rials of potential value as a nuclear fuel a r e  screened in the dynamic-activation studies. 
The mos t  promising mater ia l s  a r e  advanced to the dynamic-irradiation experiments. 

Mate- 

Dynamic -Activation Experiments 

R. Lieberman,  H. S .  Rosenberg, W. Diethorn, 
andD.  N. Sunderman 

During July, equipment for  the measurement  of fission-gas release f rom U 0 2 -  
graphite spheres  was assembled and tested. 
re lease- t ime history of selected specimens as a function of temperature  following low- 
level neutron irradiation. 

The purpose of this study is to measu re  the 

The equipment includes: 

A Vycor sweep capsule which can be heated by induction to tempera- 
tu res  up to 2500 F 

A glass charcoal t r a p  for  continuous monitoring of the sweep gas 
(helium) coming f rom the heated, i r radiated sphere 

A sodium iodide scintillation crystal ,  attached to a gamma-ray spec- 
t rometer ,  cooled in  dry  ice ,  for  continuously measuring the fission- 
gas activity in  the charcoal t r a p  

n 
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A 1-3 and I--4 

'W 
(4) A double-walled irradiation containe:r for  the irradiation of the spheres  

to 6 x 1015 nvt. 

;3everal admixture balls have been i r radiated and a r e  currently being studied with 
this ecpipment. 

Dynamic-Ir radiation Experiments 

D. B. Hamilton, G. E .  Raines,  and W. H. Goldthwaite 

IUodification of Sweep Capsule SP-3  was completed in  July. After very brief opera- 
tion in  the BRR a leak developed in the gas t ra in ,  and the experiment was terminated. 
The level of radiation in  the gas t ra in  during t h i s  short  exposure was high, indicating 
considerable re lease of fission gas ,  but it was not possible to measure  the release 
quanti ;atively. 

The capsule has  been removed to the hot--cell for  postirradiation examination. Hot- 
cell  rcisults will be available in  August. 

.4 static-capsule experiment, SP-4, is  scheduled for BRR insertion on August 24. 
Specimen temperature  will  be This capsule will contain coated and uncoated elements. 

a s  clo:je to 2000 F as possible with the objective of studying the conversion of U 0 2  to U C  
and the effect of radiation on the shrinkage of t:he matrix of the coated specimens. 

:?abrication of Sweep Capsule SP-5  is well1 under way. This capsule, containing 
pairs  (If FA- 6 and FA- 11 elements, is scheduled for  BRR irradiat ion in la te  September. 

.Nark is  continuing on the design of a high-flux high-burnup static capsule, SPH-1 , 
for ir1,adiation in  the WTR or  MTR. Target  irradiation date is  November 1, 1959. 

POSTIRRADIATION EXAMINATIONS OF FUELED- 
GRAPHITE SPHERES 

R. J. Burian and ,J. E. Gates 

!?reparations for the hot-cell examination of specimens in SP-3  have been 
comp1f:ted. 
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J. PROBLEMS ASSOCIATED WITH THE RECOVERY OF 
SPENT REACTOR FUEL ELEMENTS 

CORROSION STUDIES O F  THE FLUIDRIDE -VOLATILITY PROCESS 

C.  L. Peterson,  P. D. Miller,  W .  N. Stiegelmeyer, 
and F. W. Fink 

Evaluations of the corrosion which has  occurred on various ar t ic les  of process  
equiliment used at ORNL for  studies of the Fluoride-Volatility p rocess  a r e  under way 
as a program of assistance to the Chemical Technology Division. 
corrosion and the mechanisms of attack a r e  being determined by metallographic and 
othe I ,  methods. 

The amount of 

A metallographic examination of specimens f rom the Volatility Pilot Plant nickel 
Marl.: I1 fluorinator shell ,  i t s  internal components, and external auxiliary equipment 
i s  in  progress .  Corrosion profiles of the various vessels  and piping a r e  being p r e -  
pared where possible. 
servl:d, especially on the submerged inner walls of the "LIl-Nickel shell. 
a n  attempt is  being made to establish i f  this a.ttack was  the resul t  of sulfur contami- 
nation of either the molten salt  o r  the fluorine sparge. 

A considerable am0un.t of intergranular attack has been ob- 
Present ly ,  

Corrosion profiles a r e  a lso being determined.for the shell and draft tubes of the 
Unit Operations' INOR-8 hydrofluorinator. 
on the baffles, gas  -distribution plates , therm.ocouple tube, and salt -outlet pipe of this 
vessel  is being determined. 

I:n addition, the type of attack occurring 

STUDY O F  THE E F F E C T  O F  IRRADIATION ON 
CLADDING- AND CORE-DISSOLUTION PROCESSES 

R. A. Ewing, D. K. Dieterly, a n d M .  Pobereskin 

The modified dissolution equipment for  the study of radiation effects on the dis-  
solution of fuel mater ia ls  was checked during July by a t e s t  run using 25. 1 g of stain- 
l e s s  steel  sheet and 4 3 . 6  g of ThO2-UOZ pellets. 
solution t e s t s  with sheet stainless s teel ,  passivation was not encountered. 
resiche w a s  0. 19 g.  
insoluble residue. 

As in all previous simulated dis- 
Insoluble 

Core dissolution appeared to be quantitative, with no visible 

In a subsequent tes t ,  one of the "cold" Consolidated Edison prototype fuel pins 
was dissolved, following the standard procedure supplied by ORNL. 
been heat cycled and possessed an oxidized surface,  which may have contributed to the 
observed passivation. The suggested addition of formic acid to break the passivation 
was :ried. Two increments ,  each sufficient to make the sulfuric acid solution 0. 1 M 
in formic acid, were ineffective, possibly because of almost immediate volatilization 
by the hot acid. 

This pin has  

The passivation was readily broken by contacting a steel rod to the pin, 
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after which dissolution proceeded smoothly. 
end plugs, appeared to be complete in 3 hr .  
a s  in the simulated tes t ,  to be quantitative. 
0.  3 3  g. 

Dissolution of the cladding, except for the 
The subsequent core dissolution appeared, 
The weight of insoluble fi l ter  residue was 

Analyses of the products a r e  not yet available. 

The need for-a  few additional modifications to the equipment was indicated by 
the above tes ts .  
laboratory a r e  scheduled, following which the apparatus wil l  be t ransfer red  to the 
hot cell for dissolution t e s t s  on the i r radiated fuel pins,  which have now been received. 

After these a r e  completed, one o r  two more  "cold" runs in the 
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K. DEVELOPMENTS FOR SRE, OMRE, AND OMR 

EVALUATION O F  URANI.UM MONOCARBIDE 
AS A REACTOR FUEL 

Additional information pertaining to the temperature  of three capsules presently 
These capsules each contain two cylindrical being i r radiated at the MTR i s  reported.  

a s  -cz.st specimens of uranium-carbon alloys. 
mens f r o m  three capsules i r radiated to burnups of 0 .08  a / o  uranium at 600 F, 0.19 a / o  
uranium at 1600 F, and 0 .77  a / o  uranium at 1830 F are also presented. 

Results of detailed evaluations of speci-  

The routine evaluation of enriched metal  f r o m  which a se r i e s  of cast  UC speci- 
mens were  to be prepared revealed that th'e m.ateria1 was not suitable for this purpose. 
Chromium, i ron,  nickel, nitrogen, and oxygen were  present in particularly high 
concentrations. 

Studies concerned with the the rma l  conductivity of cast  specimens of UC over the 
tempi:rature range 100 to 1100 C have been initiated. 

Irradiation of Uranium Monocarbide 

D. Stahl and W. H . Goldthwaite 

Recent information pertaining to the temperature  levels of Capsules BMI-23-3, 
BMI-23-4, and BMI-23-5, all under i r radiat ion in  the MTR, is presented below. Each 
of the se capsules contains two cylindrical specimens of uranium-carbon alloy (approxi- 
matel.y 4.8 w / o  carbon). 

Capsule BMI-23-3. This capsule operated with a core  temperature  of about 
1200 F during Cycle 124 and about 1300 F during Cycle 125 as estimated f r o m  tempera-  
tu res  indicated by the two thermocouples which a r e  still operational; these a r e  both 
located in  the NaK space between the specime:ns and the water -contacting outer-capsule 
shel l ,  

Capsule BMI-23-4. Core temperatures  in  this capsule were  up f r o m  about 1030 F 
during Cycle 124 to 1120 F during Cycle 125. 
pera tures  a s  indicated by a thermocouple inser ted into a hollow present in  the upper 
specimen. 

These are directly measured  core t em-  

Capsule BMI-23-5. The re  was also a gleneral increase in core  temperature  f r o m  
Cycle 124 (approximately 1300 F) to Cycle 125 (approximately 1400 F) in this capsule. 
In the case of the la t te r  cycle, the levels a r e  estimated on the bas i s  of data provided by 
therniocouples located near the water -contacting capsule wall. The thermocouple lo - 
cated in the core  of the top specimen failed at the end of Cycle 123. 
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P o  stir radiation Examination of 
Irradiated Uranium Monocarbide 

S. Alfant, A. W.  Hare,  F. A. Rough, and R.  F. Dickerson 

A p rogram i s  currently being conducted which is concerned with the development 
of uranium monocarbide as a reactor  fuel. To date, three separate  irradiation experi-  
ments have been completed. In the three irradiation tes t s ,  cylindrical specimens of 
uranium-5 w/o  carbon have been i r radiated to estimated burnup levels of approximately 
0. 08 a / o  of the uranium at a 660 F maximum fuel-core temperature,  0.19 a / o  of the 
uranium at a 1600 F maximum fuel-core temperature ,  and to approximately 0.77 a / o  of 
the uranium at a 1830 F maximum fuel-core temperature .  

An examination of the experimental  data obtained on these specimens indicates 

Measurements  of the fission g a s  re leased by 
that UC behaves much better than uranium, o r  uranium-alloy fuels operating at the 
same burnup levels and temperatures .  
UC during irradiation indicate that very l i t t le more  gas than would normally be r e -  
leased by recoil  alone was released f r o m  the surface of the specimens. 

As a portion of the radiation-effect studies on UC, an experiment was conducted 
on one specimen f r o m  a capsule containing severa l  specimens i r radiated to a burnup of 
about 0 .7  a / o  of the uranium at 1475 F (and on one unirradiated UC specimen) to de te r -  
mine the effect of a heat t reatment  on this mater ia l .  
designed to show any changes in dimensions and density, and to measu re  any fission gas 
re leased  during an 8-hr heat t reatment  at 2000 F. 
re leased  f r o m  the i r radiated specimen during irradiation was 12 x 10-5 cm3. 
urement  of the fission gas  re leased during the heat treatment showed an additional 
2. 04 x 10-6 cm3 of krypton-85 released. 
krypton-85 that could be produced in a specimen of this s ize  with a n  estimated burnup 
of approximately 0.7 a / o  ,uranium would be 8 x 10-2 cm3. 
amount of krypton-85 released during irradiation, plus the smal l  additional amount r e -  
leased during the heat treatment,  is ve ry  much less than the total amount of krypton-85 
theoretically produced as a resu l t  of irradiation. 
amount of fission g a s  was retained in the UC. 

Specifically, the experiment was 

The estimated amount of krypton-85 
Meas- 

Calculations show that the total  amount of 

It can be seen that the 

It therefore  i s  evident that a large 

Metallographic examination of the heat-treated i r radiated specimen disclosed the 
existence of la rge  numbers  of voids throughout the sample. 
broke into severa l  fragments during the heat t reatment ,  it was impossible to complete 
any density and dimensional measurements .  
showed a small change in  density af ter  the heat treatment.  

Because the specimen 

The unirradiated control specimen 

Future  work on UC specimens containing 4 .6  and 4.8 w/o  carbon will be com- 
pleted af ter  irradiations up to  11 MTR cycles and to total burnups of about 15,000 
MWD/T of UC. 
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PreDaration of UC Pins  for Irradiation in the SRE 

W. M. Phill ips,  W.  J. Hildebrand, 
E. P. Fos te r ,  a n d R .  F. Dickerson 

The radiation behavior of UC prepared lsy casting is of interest  to Atomics 
Inter national in connection with the deve1opme:nt of sodium-cooled nuclear power r e -  
actors .  
mater ia l  by preparing about 6 kg of as-cast  shapes of uranium monocarbide and evalu- 
ating the preirradiation qualities of these castings. 

At the present  t ime, Battelle is participating in  a program to develop this 

The specific techniques by which the cast  specimens will be prepared have been 
A quantity of uranium enriched to the desired level was received and ex- established. 

amined by analytical and metallographic techniques. 
the uranium was abnormally high in  impurit ies (containing about 800 ppm of chromium, 
nitroZen, and oxygen, 2000 ppm of nickel, and 5000 ppm of i ron) ,  and that it is, there-  
fore ,  unsuitable as start ing mater ia l  for the specimens desired.  

These evaluations established that 

Recently, another shipment of enriched uranium was received, and analytical 
and metallographic evaluations have been initiated. 
prep;.ration of the specimens will begin. 

If this mater ia l  is reasonably pure, 

The rma l  Conductivity of Cast UC 

E. A. Eldridge, H. Deem, and C. Lucks 

Studies of the the rma l  conductivity of cast  specimens of UC over the temperature  
range 100 to 1100 C have been initiated. 
condt.ctivity of six cylindrical-shaped specimcns will be made. 

Experimental determinations of the thermal  

P r i o r  to testing, the specimens must be prepared by drilling thermocouple holes 
These prepa-  along their  length and bonding to standard shapes of known conductivity. 

ratioiis have been initiated on two of the speci:mens presently available. 
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L. TANTALUM AND TANTALUM-ALLOY STUDIES 

J. H. Startg 

The status of investigations for the LAMPRE Reactor Development P rogram at 
Los Alamos i s  reported in this section. Durmg July emphasis in the mater ia l -  
develcpment r e sea rch  was placed on establishing metallurgical data for as-rol led con- 
t ro l  sllecimens prepared f rom a recent  group of s ix  binary tantalum alloys; duplicate 
spec inens  were submitted to LASL for plutonium-alloy corrosion evaluations. A third 
se t  of duplicates was vacuum annealed and is now being subjected to various examina- 
tions pr ior  to the re lease  of specimens to LAS.L. 

'The irradiation capsules containing tantalum tensile specimens a r e  about halfway 
through their  exposure in the MTR core.  

Development of Container Mater ia ls  for LAMPRE Applications 

D. C. Drennen, M. E .  Langston, C. J .  Slunder, and J. G. Dunleavy 

'rwenty-three s t r ip  specimens of tantalum and arc-melted binary tantalum alloys 
in the cold-rolled condition have been sent to LASL for plutonium-fuel-mixture cor ro-  
sion ks t ing .  
(zone refined), yttr ium, and zirconium. 
speciniens were f ree  of surface i ron contamination. 

The alloys contain additions of hafnium, thorium, titanium, tungsten 
Potassium ferrocyanide tes t s  indicated that the 

Metallographic examination of the as -cas t  alloys revealed the presence of a second 
phase in the tantalum-1. 5 and -3.0 w/o zirconium alloys,  whereas the other mater ia l s  
in this s e r i e s  consist  of a single-phase s t ructure .  
very heavy second phase was present  within the grains .  
concerstration of a second phase within the gra ins  was observed in a region near  one s u r -  
face 01' the buttons. 
to con1.ain segregated dendritic a r e a s  near  both surfaces  of the button. 

In the 1. 5 w/o zirconium alloy, a 
In both alloys,  however, a heavy 

The alloys ContainingBdditions of 1. 5 to 6 w/o  hafnium were found 

The hardness  and fabricability of this  s e r i e s  of alloys a r e  given in Table L-1. 
These data indicate additions of 0.025 through I. 5 w/o hafnium had no significant effect 
on hardness.  However, additions of 3 and 6 wl'o hafnium resul ted in a marked  increase 
in har(1ness. The unexpected high hardness  of the 3 w/o  hafnium alloy may have been 
caused by unintentional gaseous contamination during melting. The initial addition of 
0.025 w / o  zirconium and 0.025 w/o  thorium resul ted in an  increase  in hardness .  
increasing additions up to 0.100 w/o caused a decrease  in hardness .  
b e h a v i x  a r e  not obvious at  this t ime, but they may be apparent f rom inters t i t ia l -  
contantination analyses which a r e  now under way. 
resulted in a very  la rge  increase in hardness .  
pared with zone-refined tungsten 
in the Yrst s e r i e s  of alloys prepared. 
the alloys containing titanium and yttrium additions. 

Then, 
Reasons for this 

Additions of 1. 5 and 3 w/o zirconium 
The tantalum-3 w/o tungsten alloy pre-  

showed an  increase  in hardness  comparable to those 
N o  significant change in hardness  was noted with 
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TABLE L-1. FABRICABILITY AND HARDNESS OF BINARY TANTALUM ALLOYS 

Nominal Hardness, VHN Edge-Cracking Limda),  
Composition Cold Rolled per cent reduction after 

Specimen (Balance Tantalum), w/o As Cast to 30-Mil Strip intermediate anneal 

44 

46 
47 
52 
49 
50 
51 

53 
54 
55 
57 
56 

59 
60 
61 

62 
63 
64 

1 0 0  Ta 
0 
0.025 Hf 
0.050 Hf 
0.100 Hf 
1.5 Hf 
3 Hf 
6 Hf 

0.025 Zr 
0.050 Zr 
0.100 zr 
1.5 Zr 
3 Zr 

0.025 Ti 
0.050 Ti 
0.100 Ti 

0.025 Th 
0.050 Th 
0.100 Ti 

100 

106 
102 
111 
103 
224 
170 

125 
113 
107 
190 
242 

86 
111 

98 

117 
106 

94 

178 

154 
150 
176 
280 
267 
246 

198 
164 
175 
267 
255 

159 
143 
156 

163 
163 
151 

79 

79 
62 
75 
53 
71 
71 

79 
79 
79 
54 
43 

79 
79 
63 

79 
72 
72 

65 3 w  129 219 80 

66 
67 
68 
69 

0.025 Y 
0.050 Y 
0.100 Y 
0.200 Y 

100 
94 

100 
100 

154 
129 
152 
142 

1 5  
79 
73 
79 

(a) Amount of reduction when edge cracking began. 

' In fabricating the alloys with 1. 5 to 6 w /o  hafnium and 1. 5 to 3 w/o  zirconium to 
0. 030-in. s t r ip ,  s eve re  edge cracking developed. However, the remainder  of alloys 
were  rolled to 0.030-in. s t r i p  without any ser ious edge cracking. 

Duplicate specimens of the alloys l is ted in Table L-1 in the rolled condition have 
been vacuum annealed a t  2600 F. These specimens will be forwarded to LASL as  soon 
as it is determined i f  recrystall ization is complete. 
microstructure  data will be obtained on both the rolled and the annealed s t r ip  mater ia l .  
In addition to the above properties,  tensile data a r e  being obtained on annealed tantalum- 
1. 5 to  6 w/o hafnium and tantalum-1. 5 w/o and - 3  w/o  zirconium alloys. 

Chemical-analysis, hardness ,  and 

The preparation of a final s e r i e s  of binary tantalum alloys containing minor addi- 
tions of aluminum, beryllium, cerium, lanthanum, scandium, and uranium and of a tan- 
talum-1 w / o  zirconium alloy will be s ta r ted  during the la t te r  p a r t  of August: 
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Effect of Irradiation on Tantalum 

J. A. DeMastry, F. R. Shober, F. A. Rough, a n d R .  F. Dickerson 

The irradiation of encapsulated tantalum tensile specimens is continuing a t  the 

s scheduled for  removal  at the end of the current  cycle (Cycle 125 ,  ending 
MTR. 
w/o,  
August 10, 1959). 
a tant<ilum-to-tungsten conversion of 3 . 0  w/o.  
t ro l  alloys have been a r c  melted,  rolled into sheet,  and fabricated into tensile ba r s .  

Capsule BMI-25-1, being i r rad ia ted  to  a tantalum-to-tungsten conversion of 1. 5 

Capsule BMI-25-2 is scheduled for  th ree  additional cycles to achieve 
Tantalum-1.5 and - 3 . 0  w / o  tungsten con- 
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M. DEVELOPMENTAL STUDIES FOR THE PWR 

R. W. Dayton 

The feasibility of preparing Zircaloy-2-dad compartmented flat-plate fuel 
elements containing UO 
160 compartments in Zircaloy-clad fuel plates have been successfully bu r s t  tes ted in a 
la rge  lumber of specimens. These resu l t s  establish that consistently bonded fuel ele- 
ments  of high integrity can be  prepared  by this technique. Cores coated with pyrolytic 
carbon, vapor-deposited chromium, and sprayed and buffed graphite have prevented 
core-to-cladding reaction. 
and pyrolytic-carbon-coated cores  and very  good bonding with a few par t ic les  of contam- 
inatioxr was  obtained with the graphite-coated cores .  

co res  by gas-pressure  bonding has been established. A total of 2 

Excellent bonding was achieved with the chromium-coated 

The optimum process  developed consisted of taking U 0 2  co res  coated with vapor- 
deposited chromium o r  pyrolytic carbon and Zircaloy s t r ip  components and assembling 
them into a fuel plate for  p re s su re  bonding. 
form i t  gastight assembly which was p r e s s u r e  bonded at 1525 F for 4 h r  at 10,000 ps i  to 
produc:e a solid-state bond between all Zircaloy components. 
virtua!ly eliminated all core-to-cladding reaction during the bonding cycle. 

The cladding was  fusion edge welded to 

The coatings on the core  

Techniques were  developed to coat by vapor deposition of chromium o r  pyrolytic 
carbort both blasted and unblasted U 0 2  cores .  
significant difference in  fuel elements embodying cores  with both types of coatings. 

Tests  to date have not revealed any 

Reports are being prepared  on the bonding process  and on the coating of U 0 2  cores .  
The ortly additional work planned on this  p r o g r i m  is the fabrication of i r radiat ion spec- 
h e n s  by the optimum process .  

Coating of Uranium Dioxide Cores with Pyrolytic Carbon 

E. H, Layer, J. D. Foti, and E. Wintucky 

Adherent coatings of pyrolytic carbon between 2 and 5 pin. thick have been 
deposited on sand-blasted U 0 2  cores .  
compcsition of methane gas  at 1025 C in  a sealed fused-quartz react ion tube placed in a 
tempe rature-controlled electrically heated furnace.  Nitrogen w a s  used as a mixing and 
flushiiig gas. Care was  taken to keep the system f r e e  f rom air in  order  to  prevent soot 
formation. The cores  were  placed in a fused-quartz boat which could be  moved into and 
out of the hot zone without allowing the entry of air. All sides  of the co res  were  coated 
simultaneously. 

The coa.tings were  obtained by the thermal  de- 

For  the sand-blasted cores ,  l;he deposition time was 20 min. 

Attempts to apply adherent coatings of this  thickness to as-s intered co res  were 
unsucc:essful. 
lytic carbon w a s  obtained f o r  a deposition t ime of 2 min. 
both kinds were  prepared  a s  required f o r  presaure-bonding evaluation. 

However, by varying the deposition time, a thin adherent film of pyro- 
Large numbers  of samples of 

The thickness of 
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the coatings was  determined by three methods: 
res is tance and film thickness*, ( 2 )  from the correlation between the deposition t ime 
and f i lm thickness**:, and (3)  f rom multiple-beam interferometry measurements.  The 
quality of the adherence of the carbon coatings to the U 0 2  cores  was based on a visual 
examination, smear  tes t s  (rubbing the coatings on a clean white sample), and Scotch- 
Tape tes t s  (placing the sticky side of the tape against the coating and then removing the 
tape). A 
l a rge  removal of carbon by the smear  tes t  o r  the Scotch-Tape tes t  indicated poor adher- 
ence. 
cores  showed good adherence. 

( 1 )  f r o m  the correlation between fi lm 

If the coating appeared bubbled or blis tered,  it was  found to peel off readily. 

F o r  the appropriate deposition time, coatings on both sand-blasted and as-s intered 

The p r imary  conclusion i s  that adherent coatings of pyrolytic carbon between 2 and 
5 pin.. thick can be  obtained by this  process .  
be roughened in order  for a carbon coating of this thickness to be adherent. 
the only satisfactory method for preparing the surfaces of the cores  i s  sand blasting. 
The possibility of economically coating U 0 2  cores  with pyrolytic carbon by the thermal 
decomposition of methane gas on a production basis  is being explored. 
questing a cost  es t imate  a r e  to be sent to manufacturers who use this process  and who 
might be interested in doing the work on a production basis .  
included in a report  being prepared on this program.  

However, the surfaces of the cores  must  
At present,  

Let ters  r e -  

This information will  be  

Coating of Uranium Dioxide Cores with Vacuum-Evaporated Chromium 

E. H. Layer ,  J. D. Foti, and E. Wintucky 

Adherent coatings of chromium between 25 and 40 pin. thick have been deposited 
cores  by the p rocess  of vacuum metallizing. on both sand-blasted and as-s intered U O  

P u r e  chromium was  evaporated in vacuo f rom a n  electrically heated tungsten o r  molyb- 
denum boat. The chromium then condensed on the cores  which were  mounted a t  a suit- 
able distance f rom the source. A chromium charge weighing between 1. 5 and 2 . 0  g, at 
a distance of approximately 18 cm f r o m  the cores ,  w a s  found to yield a coating between 
25 and 40 pin. thick. Evaporations w e r e  ca r r i ed  out at a p r e s s u r e  l e s s  than 5 x 10- 
m m  of mercury .  The cores  were  mounted in a rotating jig driven by an electr ic  motor 
located outside the vacuum chamber.  Four sides of the cores  could be coated in one 
evaporation with the rotating assembly. Separate evaporations were  necessary for  
coating the ends. 

2 
-- 

5 

Large  numbers  of samples  were  prepared for  pressure-bonding evaluation. The 
thicknesses of the coatings were  calculated by measuring the weight increase of the 
cores .  
The quality of the adherence of the chromium coatings to the U 0 2  cores  was based on the 
resul ts  of a visual examination, s m e a r  t e s t s  (rubbing the coating on a clean white sur -  
face) ,  and Scotch-Tape tes t s  (placing the sticky side of the tape against the coating and 

OGrisdale. R. 0.. Pfister. A. C., and Van Roosbroeck, W., "Pyrolytic Film Resistors: Carbon and Borocarbon". Bell System 

T b i d .  Figure 3. 

Coatings on both sand-blasted and as-s intered cores  showed good adherence. 

Tech. J., 2, 271-314 (1951). Figure 12. 
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then removing the tape). 
A largie removal of chromium by the smear  te:jt or the Scotch-Tape tes t  indicated poor 

If the coating appeared powdery, it was found to dust off readily. 

1 ,  adherence. 

The p r imary  conclusion i s  that vacuum metallizing i s  a feasible process  for ob- 
, 

~ 

taininig thick and adherent chromium coatings on both sand-blasted and as-s intered U 0 2  
cores  
bas i s  is being explored. Let ters>request ing a cost  estimate a r e  to be  sent to manufac- 
t u r e r $  who do vacuum coating and who might be interested in doing the work on a 
produ1:tion basis .  
cost es t imates  wil l  be included in the report  being prepared on this phase of,the program.  

The possibility of economically coating U 0 2  cores  by this method on a production 

If sufficient information is available f r o m  replies to these le t ters ,  

i Pressure-Bonding Studies of Zircaloy-2 Clad PWR-Type Fuel Elements -- 
I S. J. Paprocki, E. S. Hodge, D. C. Carmichael, and P. J. Gripshover 

hvestigations have continued on the fabr~ca t ion  of Zircaloy-2-clad compartmented 
The use of b a r r i e r  coatings of uranium dioxide fuel elements by gas-pressure bonding. 

sprayc:d and buffed graphite, pyrolytic crystalline carbon, and vacuum-evaporated 
chromium on UOz, cores  was studied to determine the effectiveness of each of these 
coatin<;s in preventing core-to-cladding reaction. The possible effect of each of the 
coatin*gs on the Zircaloy-to-Zircaloy bonds in the specimens was also investigated. The 
elemelits prepared fo r  these studies were  approximately 3. 5 in. wide and 8 in. long with 
a thicEness of 0. 150 in. ,  consisting of a 0. 100-in. -thick receptacle plate and two 0.025- 
in. -th!ck cladding plates. 
in. cores .  Each core  w a s  contained in an individual compartment formed by 0.035-in. - 
wide c r o s s  r ibs  of Zircaloy. 
t i re ly  from s t r ip  components which had been surface finished by machine belt abrasion. 
In the gas-pressure-bonding technique, the cladding components were  fusion edge welded, 
evacw ted, and sealed to form a gastight asserribly which w a s  then gas-pressure bonded 

I at  152Ij F and 10 ,000  psi  for 4 hr .  Recently bonded elements were  evaluated in the a s -  
' 1  bondec! condition only. Previously, some of the specimens were  heat t reated for  5 min  

in a s a l t  bath at 1850 F subsequent to p r e s s u r e  bonding; however, resu l t s  of the program 
demonstrated that this additional operation i s  not necessary.  The elements were  eval- 
uated l ~ y  internal-pres sure  b u r s t  t es t s ,  metallographic examination, and intercompart-  
menta! -leakage t e s t s  and corrosion tes t s  of pui-posely defected compartments.  

I 

Each element contained thirty-two 0. 100 by 0. 250 by 1. 500- 

The compartmen.ted receptacle plate w a s  assembled en- 

-\ large number of internal-pressure burs t  t es t s  were  conducted on elements con- 
taining cores  coated with sprayed and buffed graphite, pyrolytic carbon, o r  vacuum- 
evapol ated chromium. 
cleaning, and rinsing techniques, were  consistently found to have strong bonds. 
of 166 consecutive t e s t s  of compartments in the 38 specimens bonded resulted in all cases  
in failiire of the cladding mater ia l  at high p r e s s u r e s  with normal  cladding deflections, 
ra ther  than failure of the bonds. 
graphite-coated cores ,  62 were  of specimens containing pyrolytic-carbon-coated cores ,  
and 68 were  of specimens containing cores  coated with chromium. Approximately eight 
burst  t es t s  for each type of core  coating were  of portions of specimens prepared ear ly  
in the ser ies  which had received the additional heat treatment at 1850 F for  5 min. 

These elements, which w e r e  prepared using improved sealing, 
4 1  
I 

I /  

A total 

- 
Of these test:;, 36 were  of specimens containing 

Also 
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included in these resul ts  a r e  tes t s  of 12 compartments in as-bonded elements which con- 
tained cores  having evaporated-chromium coatings o r  pyrolytic-carbon coatings that 
were  not sand blasted pr ior  to coating. As discussed in other sections of the report ,  
mos t  of the cores  to be coated with pyrolytic carbon or  chromium had been sand blasted 
to obtain the optimum condition for adherency of the coating. However, m o r e  recent 
resul ts  indicate that the coatings of chromium applied to cores  in the as-s intered con- 
dition have satisfactory adherency a s  compared with coatings applied to sand-blasted 
cores  to the desired coating thickness range of 25 to 50 pin. 
that the sand-blasting treatment is not necessary pr ior  to the application of this type of 
coating. 
w a s  necessary to reduce the thickness of the coating f rom about 3 to 5 pin. to about 0 .  5 
pin. 
that the coatings were  adherent and did not resul t  in contamination of the bonds; however, 
the effectiveness of these thinner pyrolytic-carbon coatings in preventing core-to- 
cladding reaction wil l  have to be  determined based on the resul ts  of corrosion tes t s  now 
in progress  of purposely defected compartments.  

Therefore, i t  is  concluded 

In order  to  apply adherent coatings of pyrolytic carbon to unblasted cores ,  it  

The burst  tes ts  mentioned above of an element containing these cores  indicated 

All of the graphite coatings were  applied by spraying a suspension of graphite in 

of core  surface.  The outgassing and buffing t reat-  
water onto unblasted cores .  
of about 5 mg of graphite per  in. 
ments,  which a r e  not necessary fo r  the pyrolytic-carbon and evaporated-chromium 
coatings, were  designed to remove volatile binders and to minimize dusting and flaking 
of the sprayed graphite coatings. Also bonded in this s e r i e s  of elements was one speci- 
men containing sand-blasted cores  coated with pyrolytic carbon which was prepared so 
a s  to determine if the Zircaloy bonding sur faces  could be contaminated by the core  coat- 
ings due to mishandling during assembly. During assembly of this element, the cores  
were  purposely shifted in position over the bottom Zircaloy cladding plate which caused 
them to rub against the relatively rough bonding surfaces.  Also, af ter  the cores  and 
receptacle-plate components were  in position, the entire top surface of the cores  and 
r ibs  was hand rubbed, using rubber gloves, in an attempt to t ransfer  carbon f rom the 
cores  to the sur faces  of the r ibs .  Six burs t  t es t s  of this element did not resul t  in any 
bond failures,  indicating that at least  some mishandling can occur during assembly of 
cores  which have been sand blasted and coated with pyrolytic carbon probably without 
resulting in poor bonding. 

The cakes were  then outgassed and buffed, giving a coating 

Corrosion tes t s  in 680 F water of defected compartments of as-bonded elements 
and elements heat t reated at 1850 F fo r  5 min which contain cores  coated with pyrolytic 
crystall ine carbon, vacuum-evaporated chromium, and sprayed and buffed graphite have 
been continued. Specimens in the as-bonded o r  heat-treated conditions containing cores  
coated with graphite o r  crystall ine carbon have shown no growth during several  weeks of 
exposure. These resul ts  fo r  the graphite-coated cores  a r e  corroborated by similar 
corrosion tes t s  of as-bonded and of heat-treated elements containing cores  properly 
coated with graphite which were  prepared during previous phases of this program. The 
corrosion tes t s  on these elements have been continued and have produced no significant 
growth during several  months of exposure. 
conditions containing cores  with chromium coatings 25 to 100 pin. thick have shown no 
growth during several  weeks of corrosion testing. 
were  not sufficient to prevent core-to-cladding reaction, however, and growth was pro- 
duced during 3 weeks of exposure. 
ments before and after corrosion testing have revealed no communication between any 
of the compartments. 

Specimens in the as-bonded and heat-treated 

Chromium coatings only 10 pin. thick 

Intercompartmental-leakage tes t s  of all of the ele- 

...... . . . .  . . . . .  . . . .  . . . .  
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The resu l t s  of metallographic examinations of these elements a r e  in agreement 
with the resu l t s  of the bu r s t  and corrosion tes t s .  
e1emc:nts containing co res  with the three  types of coating have excellent metallurgical 
bonds, showing grain growth a c r o s s  the origin.al interface in all areas with a very mini- 
mum amount of bond-line contamination. No core-to-cladding reaction was observed in 
specimens with co re  coatings of pyrolytic carbon o r  graphite. 
100-pin. -thick chromium coatings showed no core-to-cladding reaction; however, 
10-pili. -thick coatings of chromium permitted some reaction. 

As-bonded, as well as heat-treated, 

Specimens with 25 to 

It has been concluded f rom this  study that the feasibility of preparing Zircaloy- 
clad flat-plate fuel elements containing compartmented U02 fuel by the gas-pressure-  
bondiiig technique has  been established. Elements produced by developed procedures 
behave well in corrosion tes ts ,  have consistently strong Zircaloy-to-Zircaloy bonds, 
possess  complete compartment integrity, reveal good dimensional control, and demon- 
stratc, strong and ductile cladding. The use of Zircaloy r i b s  between each of the co res ,  
thus forming individual compartments,  minimizes  flow of the cladding plates into rel- 
atively l a rge  void areas in the receptacle plate which could b e  present  due to  the use of 
chipp4:d co res  o r  poor dimensional control of the compartments.  Coatings on the co res  
of spi ayed and buffed graphite, pyrolytic crystall ine carbon, or vacuum-evaporated 
chroniium a r e  satisfactory to  prevent core-to-cladding reaction without introducing con- 
tamination on the Zircaloy bonding surfaces of the element. 
not a s  desirable  as the other two types, however, since the coated co res  must  be ca re -  
fully liandled during assembly to  avoid contam ination of the bonding surfaces.  

The graphite coatings a r e  

A topical report  is being prepared to cover this phase of the program. This 
r epor t  will include some additional corrosion data now being compiled. 
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N. DEVELOPMENTS FOR THE MGCR 

W. C. Riley and W. H. Goldthwaite 

Research on core  mater ia l s  in support of the MGCR program is in progress  at 
Battelle. The major  effort is on the development and evaluation of U 0 2  dispersions in 
BeO, UC and UC2 dispersions in graphite, and the cladding of U 0 2  par t ic les  with BeO. 
The evaluations include laboratory tes ts ,  examinations, and measurements ,  neutron- 
ac  tivz.tion screening studies of comparative f i s i  sion-gas -r eleas  e character is t ic  s, detailed 
neutron-activation studies of promising developments, in-pile fis sion-product-release 
studicms, and static capsule irradiations to high burnups. 

A study of the diffusion of fission products- through fuel-element cladding mater ia l s  
i s  in l ~ r o g r e s s .  

FABRICATION AND CHARACTERIZ.ATION O F  F U E L  MATERIALS 

A. B. Tripler ,  Jr. 

Two methods have been found which apparently eliminate microscopic c racks  
which appear to originate and terminate at exposed U 0 2  gra ins  in fueled B e 0  pellets. 
Both <nvolve special  t reatment  of the fuel to cause the shrinkage in the fuel par t ic les  
during sintering to m o r e  near ly  approximate that of the matrix. 

Attempts to increase the mat r ix  density and thereby decrease the permeability of 
fuelec -graphite mater ia l s  continued. Repeated pitch impregnation has resulted in some 
decrease in permeabili ty but not to the extent that appreciable fission-product retention 
by the graphite would be expected. 
nif icant  densification of the graphite. 

The use of minor additions has not resulted in sig- 

A method for  cladding U 0 2  par t ic les  witlh B e 0  has been devised. The cladding is 
impervious to the extent that no weight increase  is observed after the pellets have been 
heateci in air at 1200 F for  18 hr .  
o r  a I)eO matrix. 
condiiions which will cause reaction of graphite and BeO. 

Clad par t ic les  can be  dispersed in either a graphite 
Experiments have been initiated to determine the t ime-temperature 

Pre l iminary  neutron-activation experimlznts have shown that BeO-UO2 samples 
exhib? t better fission-product retention than available graphite-UC and graphite-UC2 
samples.  
of the B e 0  matr ix .  

Fission-product retention appears  to be directly proportional to the density 
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UO7 Dispersions in B e 0  

A.  K. Smalley and W. H. Duckworth 

Densely-sintered ma t r i ces  of B e 0  containing about 20 volume p e r  cent of uni- 
formly dispersed U 0 2  par t ic les  a r e  being investigated for  fuel-element-core 
applications. 

Microscopic examinations of fueled B e 0  pellets prepared  by the method descr ibed 
in BMI-1346 indicated that all pellets contained minute radial  c racks .  
appeared to originate and terminate  at exposed U 0 2  grains .  
to the unequal shrinkages of the B e 0  matrix and to fuel par t ic les  during sintering. 

These c racks  
The cracks  a r e  attr ibuted 

An attempt w a s  made to overcome this cracking b y  increasing the shrinkage of 
the fuel par t ic les .  
U 0 2  plus 10 w/o Be(OH)2 were substituted for the UO2 part ic les  used previously. The 
enhanced shrinkage in the fuel resul ted f rom either the reduction of U03 to UO2 o r  the 
dehydration of Be(OH)2 during sintering. Using the high-shrinkage fuel and LOH-grade 
BeO, pellets w e r e  prepared  by techniques similar to those used for the pellets in which 
c racks  were  found. 

Experiments were ca r r i ed  out in which par t ic les  of either UO3 o r  

Microscopic examinations of the s intered pellets showed that they apparently were 
crack-free.  
Table N-1. 
were somewhat lower than those of the pellets in which the fuel w a s  U02-Be(OH)2. The 
densit ies of both groups were  lower than the densit ies of the previously reported pellets 
in which the fuel was compacted U 0 2 .  

The sintering conditions and bulk densit ies for  these pellets a r e  shown in 
The bulk densit ies of pellets in which U03 was the start ing fuel ma te r i a l  

TABLE N - 1  . BeO-U@ FUEL-ELEMENT CORES FOR NEUTRON-ACTIVATION TESTING 

Sintering Conditions(a) Sintered Bulk Density(b) 
Maximum Temperature, Time at Maximum Per Cent of 

Starting Fuel Material F Temperature, hr G per -3 Theoretical(c) 

UO2-1O w/o Be(OH)2 

uo3 

2600 
2800 
3000 
3000 

2600 
2800 
3000 
3000 

4.15 
4.42 
4 35 
4.43 

4.05 
4.17 
4.20 
4.22 

89.5 
95.2 
93.7 
95.5 

81.4 
90.0 
90.6 
90.9 

(a) In flowing hydrogen. 
(b) Average of five specimens, by xylene absorption and displacement. 
(c) Theoretical density taken as 4.64 g per cm3 for bodies containing 48.5 w/o U 0 2  and balance BeO. 
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Metallographic examinations a r e  being made of the specimens containing high- 
shrir,.kage' fuel in an attempt to determine whether i t s  use  causes  major  differences in 
the specimen micros t ruc ture .  Also, permeabili ty measurements  a r e  being made to 
determine whether the porosity in the pellets i s  continuous. 

U C  and U C 7  Dispersions in Graphite 

W. A. Hedden, A. B. Tr ip le r ,  Jr.', W'. C. Riley, and W.  H. Duckworth 

The objective ,of this r e s e a r c h  is to develop improved graphite fuel-element cores  
containing dispersed U C  o r  U C 2  in an amount equivalent to 20 volume pe r  cent of U 0 2 .  

Last month it w a s  reported that the gas  permeabili ty of selected t e s t  specimens 
was tlecreased by approximately a factor of 2 by impregnation with coal-tar pitch. 
Durirtg July, severa l  of these specimens were pitch-impregnated a second time. 
a l so  resulted in a permeabi l i ty  decrease  by approximately a factor of 2. 
measured  permeabili ty i s  still far too high to expect appreciable fission-product 
retention by the graphite.  

This 
However, the 

The investigation of minor  additives to aid in  densification of compacts was con- 
tinueli. 
Thest? were prepared  by the conventional hot-:mixing method, o r  by mixing a t  room 
templ5rature. 

Nonfueled compacts were formed f rom petroleum coke and coal-tar pitch. 

F o r  hot-mixed samples  minor  amounts of lubricating oi l  were  added to the pitch 
No improvement in bulk density coke mix a t  room tempera ture  jus t  p r io r  to forming. 

of balced compacts resul ted f rom oi l  additions, 

F o r  samples  mixed a t  room temperaturl-, ei ther benzene o r  carbon tetrachloride 
was used as a solvent for the pitch to reduce viscosity. 
vents w e r e  removed. 
beeswax dispersed in e i ther  carbon te t rachlor ide o r  benzene w a s  added to the mix. 
Again, solvents were  removed pr ior  to forming. 
of bal:ed compacts resul ted f rom these additions. 

After mixing the volatile sol- 
Paraffin in amounts of ;%bout 3 .0  o r  5. 5 w / o  o r  about 5 .0  w/o  

No apparent increase  in bulk density 

Compacts made f rom the hot-mixed body had a slightly higher bulk density than 
those made f rom bodies prepared  by the solvent method. 
obtairted f o r  bodies prepared  with benzene o r  carbon tetrachloride: 

Equal bulk densit ies were  

In future work, the investigation of methods to dec rease  the permeabili ty of fuel- 
conta.tning compacts will be continued. 

Cladding of U 0 2  Par t . ic les  With B e 0  

A. K. Smalley and Mr. H. Duckworth 

Techniques for  cladding U 0 2  par t ic les  with impermeable  shel ls  of B e 0  a r e  being 
developed. 
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During July, a laboratory procedure for  applying densely sintered B e 0  claddings 
to UO2-base fuel par t ic les  was developed and refined. Briefly, the method consists of 
the following operations: 

(1) Davison ceramic-grade U02 was ball-milled for  2 h r  with 
10 w/o of Be(OH)2 (6.06 w/o BeO). 
with 3 w/o of beeswax in a CC14 solution, and evaporated to 
dryness.  The dried,  wax-containing fuel was compacted at 
10,000 ps i  in a s tee l  die, and the compact was crushed and 
ground to provide fuel par t ic les  in the range of minus 18 to 
plus 30 mesh. 

The mixture  was t rea ted  

(2) The fuel granules were  placed on a 12-in. -ID rubber-lined 
d rye r ,  and the d rye r  was rotated at 33 rpm. The tumbling 
granules were alternately dusted and sprayed with as-received 
LOH-grade B e 0  powder and a slip containing the following: , 

LOH-grade B e 0  98 g 

H2O 

Carbowax 4000 1.75 g 
C2H50H 185 ml 

185 ml 
6 ml HC1, 12 N .  

When composite pel le ts  of the des i r ed  s ize  were obtained, the 
process  was stopped and the pel le ts  were dr ied a t  120 F. 

(3) The dried,  clad pel le ts  were  mixed with 70 volume p e r  cent 
of Alcoa A-14 minus 100 plus 200-mesh calcined Al2O3. 
mixture  was placed in rubber molds and compacted isostatically 
a t  100,000 psi. The BeO-clad U02 pel le ts  were  separated f rom 
the pressing m a t r i x  by screening. 
f rom the surface of the pel le ts  by tumbling them d r y  for  2 h r  
and then r e  screening . 

The 

Excess  A1203 was removed 

(4) The compacted pel le ts  were  sintered in a hydrogen atmosphere.  
They were  soaked at 1200 F for  4 h r  to allow complete dehydra- 
tion of the Be(OH)2 in the fuel cones, heated to 2800 F, and soaked 
for  1 h r .  

The sintered BeO-UO2 pel le ts  were  predominantly in the s ize  range of minus 
10 plus 16 mesh. Chemical analyses indicated that they contained about 27.4 w/o of 
u 0 2 .  

Portions of the pellet batch were  heated in s ta t ic  laboratory air a t  1200 F. No 
weight gain in  the samples  was observed after 18 h r  at 1200 F. This indicated that the 
B e 0  claddings effectively prevented oxidation of the UO2 to u308.  
dings appear to be sufficiently crack-free and nonporous to prevent diffusion of oxygen 
into the U02 core .  

Therefore,  the clad- 

@ 
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Composite BeO-UO2 pellets similar to those described above a r e  being prepared 
for  neutron-activation testing. 

Carburization Studies in the BeO-Graphite Svstem 

J. Koretzky, W.  C. Riley, and W. H. Duckworth 

One of the fuel elements under consideration for  the MGCR consists of BeO-clad 
U 0 2  pel le ts  dispersed in graphite. 
m a t r i x  may  have an  adverse effect on the ability of the cladding to retain fission prod- 
ucts. 
condjtions required to cause chemical reactions, and to indicate the effect of the reac- 
tion on fission-product r e l ease  as determined by neutron activation. 

Chemical reaction between the B e 0  and the graphite 

Pre l iminary  experiments have been initiated to indicate the t ime-temperature 

Pre l iminary  Characterization by Neutron Activation 

P. Gluck and M. Pobereskin 

Recent screening t e s t s  on BeO-UO2, UG-graphite, and UC2-graphite specimens 
with respect to fission-product r e l ease  have tieen unsuccessful because of fa i lure  of 
fused sil ica,  commonly called quartz, capsules. 

Cracking of the capsules was eliminated when pretreated charcoal was encap- 
su1att:d with the specimens and when the annea.ling temperature  was reduced to 1800 F. 
In the pretreating operation, the impurit ies were  removed f rom the charcoal by heat 
treatxnent a t  300 F for  24 h r ,  at a terminal  vacuum of 5 x mrri of mercury .  

With the capsule-cracking problem solvc?d, the screening studies w e r e  resumed 
with the UC2-graphite specimens and the BeO-UO2 specimens. 
speciinens were  i r rad ia ted  for  1-3/4 h r ,  while the BeO-UO2 specimens were i r rad ia ted  
only f o r  1-1/6 h r .  
spectively. The annealing temperature ,  1800 F, was the same  for both groups. P r i o r  
to anr ealing, the i r rad ia ted  specimens were  individually encapsulated in 7-mm quartz 
tubing along with 1 cm3  of the pretreated charcoal.  The capsules were  sealed and then 
annealed for  24 h r  a t  1800 F in a muffle furnace. The l iberated fission g a s e s  were  ad- 
sorbe cl on the activated charcoal a t  liquid-nitrogen temperature.  Gamma-ray spectro- 
graphs were  obtained f rom the activities in the charcoals. 

The graphite-matrix 

The approximate fluxes were 6.2 x 1011 and 2.0 x 1012 nv, r e -  

The gamma-ray spectrograph revealed that xenon-133 and iodine-131 made up the 
bulk cf the activity. 
appro?riate decay periods,  the pe r  cent f ission g a s  re leased and p e r  cent uranium 
burnu? were  calculated and a r e  shown in Table' N-2. 

F r o m  the data obtained and radiochemical calculations, using the 

. . . . . . . . . . . . . . . . . . . . . . ... ... ... . .. .. .. .. .. . . . . . . ... . .. .. . . . . . . . . . . , . . . . . ... ... .. . ... .. .. 
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TABLE N-2. FISSION-GAS RELEASE FROM UC2-GRAPHITE AND BeO-U02 SPECIMENS HEATED 
IN VACUUM AT 1800 F FOR 24 HR 

Firing Fission Gas Released, 
per cent Temperature, Weighda), Fuel Content, Total Uranium 

Specimen Type F g W/O Flw,  nv Burnup, a /o  Xenon-133 Iodine-131 

UC2 -graphi te 
UC2-graphite 
UCp-graphite 
UC2-graphite 
UC-graphite 
UC -graphite 
BeO-UO2 
BeO-UO2 
BeO-UO2 
BeO-UO2 

2000 
2000 

2700-2720 
2700-2720 

2350 
2350 
2600 
2600 
2600 
2800 

0.4144 
0.4132 
0.5686 
0.5985 
0.4262 
0.4280 
0.9201 
0.9300 
0.9376 
0.9072 

61.3 
61.3 
61.3 
61.3 
60.3 
60.3 
48.25 
48.25 
48.25 
48.25 

6.41 x 10l1 1.52 x 1.76 
6.13 x 10l1 1.49 x 10-6 2.06 
6.24 x 1011 1.46 x 10-6 1.10 
6.23 x 10l1 1.46 x 1.50 
6.27 x 10l1 1.47 x 10-6 0.49 
6.30 x 10l1 1.47 x 10-6 0.58 
2.31 x 10l2 3.94 x 10-6 0.018 
2.10 x 10 l2  3.58 x 10-6 0.026 

1.81 x 10l2 3.11 x 0.004 
2.09 x 10l2 3.57 x 10-6 0.025 . 

2.11 
2.68 
1.32 
1.95 
0.64 
0.89 
0.030 
0.058 
0.048 
0.010 

(a) Before and after neutron activation. No change observed. 

The f iss ion-gas-release data in Table N-2 show that the BeO-U02 mater ia l s  ex- 
hibited better f is  sion-product retention than the graphite-matrix mater ia l s .  
BeO-UO2 group, the pellets with the highest bulk density retained the fission gases  
best. 
r e  tention. 

Within the 

There appears  to be a good correlat ion between density and fission-product 

STUDIES O F  FISSION-GAS RELEASE FROM FUEL MATERIALS 

M. Pobereskin 

De sign, construction, and assembly of equipment continued for  neutron-activation 
and in-pile gas- re lease  studies. 
should s t a r t  in  September and November, respectively.  

Experimental  work in these two phases  of the study 

Detailed Neutron-Activation Studies 

P. Gluck, D. Sunderman, and M. Pobereskin 

During July p rogres s  was made in  assembling the apparatus for the postirradiation 
fission-gas-release study to be conducted in the radioisotopes laboratory.  It now ap- 
pea r s  that the assembly  will be completed in the la t te r  p a r t  of August o r  the beginning 
of September at which t ime the experimental  work will be started.  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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In-Pile Studies 

N. E. Miller and (3 .  E. Raines 

A tentative design has  been established .€or the in-pile capsule. The theoretical  
analysis indicates that the range of temperature  and surface-heat-flux parameters  can 
be obtained with two capsules.  
thernial-barrier g a s  annulus. 
mock-up of the capsule. 

The two capsules will differ only in the s ize  of the 
The design will be experimentally checked with a thermal  

The operation of the first capsule has been deferred until November 1, 1959. 

HIGH- BURNUP IRRADIATION EFFECTS 
IN F U E L  MAT'ERIALS 

W. E. Murr ,  J. E. Gates,  C. V. Weaver, and R. F. Dickerson 

A study of the stability of ceramic fuels under conditions simulating those of the 
MGCIt design is in p rogres s .  
oxide uranium monocarbide in graphite, and uranium dicarbide in graphite. Two 
specimens of each type containing about 20 p e r  cent fuel  compound, 93 p e r  cent enriched, 
were i r rad ia ted  in  the BRR f o r  four r eac to r  cycles at surface temperatures  of about 
1500 I?. Each specimen was composed of four pellets approximately 0 .  222 in. in diame- 
t e r  bj. 0 .  250 in. long. 
thick w a l l s  under a helium atmosphere.  
equip1)ed with e lec t r ica l  heaters  and thermocouples. 
e r e d  j'rom the capsule and the postirradiation examination is nearly complete. 

Fue l s  being considered a r e  uranium dioxide in beryllium 

The pellets were sealed in stainless s t ee l  tubes with 0.  012-in. - 
The capsule used in the irradiation was 

The specimens have been recov- 

The postirradiation examination included sampling the gas contained in the capsule 
f o r  fi:ision-gas content, measuring the dimensions and density of the specimens, samp- 
ling tlie gas  contained inside each specimen fo:r  fission-gas content, measurement  of 
the fuel-pellet dimensions, measurement  of the density of the B e 0  pellets, and metal- 
1ograI)hic examinations of each fuel mater ia l .  
p1annc:d but could not be accomplished due to tj.me limitations. 

Radiochemical burnup analyses were  

The exterior surfaces  of the i r rad ia ted  specimens appeared undisturbed and in 
good c:ondition. The physical dimensions and relat ive densit ies of the specimens were  
measiired and the resu l t s  indicated that no changes in dimensions o r  density had oc- 
curred.  The resu l t s  of the fission 
gas  artalyses a r e  given in Table N-3. Fiss ion gas  was not detected inside the capsule, 
indicating that the specimens were sound. The B e 0  pellets re leased about 0. 13 p e r  
cent of the total  fission gas  formed, while the :graphite pellets containing UC released 
about 0 . 4  p e r  cent and those containing UC2 released about 0 . 3  p e r  cent at about the 
same temperature and burnup. 

The specimens were  then sampled foi- f ission gas .  
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TABLE N-3.  FISSION-GAS-RELEASE DATA FROM CAPSULE BMI-31-1 

Total 
Burnup, Surface (Cladding) Total Gas Fission Gas Fission Gas 

Pellet Composition, 1019 fissions Temperature(a1, Produced, Determined, Lost@), 
Specimen w/ 0 per c m 3  F 10-2 cm3  10-5 ,,3 per cent 

3 48.25 U 0 2  in Be0 8.14 
4 66.6 UC2 in graphite 5.85 
9 61.3 UC in graphite 9.24 

155 0 1.82 2.36 0. 13 
1275 1.29 3.9 0. 30 
1560 2.02 8.08 0.40 

(a) Estimated from thermocouple readings, values are 530 F. 
(b) Values reported are *25 per cent. 

The pellets recovered f rom the specimens sampled for fission gas were fractured.  

Results of the physical measurements  of sound pellets removed f rom Speci- 
This was apparently the resu l t  of deformation of the cladding during the puncturing op- 
eration. 
mens  1, 4, 8, and 9 a r e  reported in Table N-4. The B e 0  pellets show essentially no 
diameter  change due to i r radiat ion,  while the fueled-graphite pellets show decreases  
ranging f rom 1 .  2 to 2 .  0 pe r  cent. 
Specimen 1 was measured .  
than 1 per  cent, which is within the experimental  accuracy of the measurements .  

The relat ive density of only the B e 0  pellets f rom 
The resu l t s  indicate that the decrease  in density w a s  l e s s  

TABLE N-4. CHANGES IN PHYSICAL MEASUREMENTS OF PELLETS 

- 
Preirradiation Measurement, in. Postirradiation Measurement, in. Change in 
Length of Pellet Diameter of Length of Pellet Diameter of Dimensions, per cent 

Specimen and Compositions Stack Pellet Stack Pellet Length Diameter 

Specimen 1 ,  U02 in Be0 pellets 
Pellet 1 
Pellet 2 
Pellet 3 
Pellet 4 

Specimen 8, UC in graphite pellets 
Pellet 1 
Pellet 2 
Pellet 3 
Pellet 4 

Specimen 9, UC in graphite pellets 
Pellet 1 
Pellet 2 
Pellet 3 
Pellet 4 

0.2220 
0.9980 0.2211 

0.2219 
0.2220 

0.2205 
0.9985 0.2221 

0.2220 
0.2210 

0.2216 
0.9984 0.2217 

0.2210 
'0.2207 

0.2220 
0.2217 

(a) 0.2218 
0.2219 

0.2162 
0.9997 0.2182 

0.2193 
0.2166 

Too badly chipped to measure 
0.2179 

(a) 0.2175 
0.2179 

Specimen 4,  UC2 in graphite pellets Pellets 1 and 2 badly crushed 
0.2205 Pellet 3 0.9990 0.2235 

Pellet 4 0.2234 ( a) 0.2202 

0 
0 

Nil 
Nil 

-1.9 
-1. 8 
-1.2 
-2.0 

- -  
-1. 7 
-1.6 
-1.3 

-1.4 
-1.4 

(a) Length could not be  obtained because one pellet or more was damaged during removal. 
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A metallographic examination has  been performed upon pellets f rom Specimens 1, 
5, anll 9. 
was examined metallographically to determine if any reaction occurred between cladding 
and fiiel mater ia ls .  
conta ning uranium carbide in graphite were pitted by lo s s  of the graphite matrix.  Since 
i t  war suspected that the water used as lubricant was causing graphite to loosen and 
wash away, attempts wzre  made to prepare  the specimens upon d r y  wheels. 
methcld was successful in retaining all of the graphite, with the r e su l t  that these speci- 
mens showed pitted and mottled ma t r i ces .  
speciinens, however, showed no evidence of irradiation damage; the par t ic les  of UC and 
UC2 were not noticeably different f rom their  preirradiation condition. 
speciinen retained its B e 0  m a t r i x  during metallographic preparation. However, there 
was considerable void space immediately surrounding the majority of U02 par t ic les .  
Void :space was observed previously in low-de i s i ty  unirradiated specimens, and may be 
due tc the method of pellet preparation, o r  to inetallographic grinding and polish'ing 
operations. 

In addition, the Type 316 s ta inless  s teel  cladding f rom each of the fuel types 

During grinding and polishing, i t  was noted that the two specimens 

Neither 

Examination of the fueled portions of the 

The U02-Be0 

The U02 particles themselves did not appear to be affelcted by irradiation. 

The remaining three  capsules to be examined in this program have been in the 
MTR since the beginning of Cycle 125. 
SE, EMI-31-2 was placed in A-14-NW, and BhfI-31-3 was placed in A-14-NE. Current  
inforriation indicates that only one of the three  heaters  in each capsule is in operation, 
resuliing in lower specimen temperatures  than requested. It is believed that incorrect  
heatei- hookup is responsible, and this will be corrected if  possible. 

BMI-31-la was placed in MTR position A-26- 

DIFFUSION OF FISSION PRODUCTS IN CLADDING MATERIALS 

S. G. Epstein, A. A. Bauer,  and R. F. Dickerson 

A program to study the diffusion of fission products in "A" Nickel cladding ma- 
t e r i a l  is being conducted. 
products by irradiation recoi l .  
speciznens of 93 p e r  cent enriched uranium foil between nickel foils  1, 5, and 10 mils 
thick 'has been i r rad ia ted  in the Battelle Research Reactor for  3 h r ,  and is currently 
being held in the r eac to r  pool to p e r m i t  radioactive decay for  safe  handling. 
activii:y is being checked periodically, and, when it is a t  a safe  level, the capsule will 
be opmed  and the sandwiches removed for subsequent heat t reatment  and analysis. 

Specimens for  the study have been impregnated with fission 
F o r  this purpase a capsule containing 20 sandwich 

The capsule 

Work is under way to adapt a vacuum hot p r e s s  to the task  of p r e s s u r e  bonding the 
nickel foi ls  to each other ,  af ter  removal of the uranium. With this apparatus,  an  ap- 
plied :load of 6 tons can be administered a t  about 1600 F, which should be sufficient for  
good rnetallurgical bonding of the nickel. 

Samples have a l so  been prepared to study the introduction of r a r e  gas  into the 
meta l  latt ice by cathodic bombardment. 

were  ihen heated to 900 C to drive off any absorbed argon. 
cultieij, spectrographic analyses for  re leased argon have not been performed as yet. 
Howe\er, the analyses should be performed during the coming month. 

Two samples  of "A" Nickel were subjected to 
@ argon bombardment and then surface cleaned tl> remove surface-absorbed gases .  These 

Due to instrumental  diffi- 

. . . . . . . .  ............ . . . . . .  . . . . .  . . . . . . .  ..... . . . .  : q ( * * i i .  i i .  i i  
0 0  0 0 0  0 !eo : : 0 0  .O 0 . q 0 0 0  0 0  



I 86 

N- 10 

CARBON-TRANSPORT CORROSION STUDIES 

N. E. Miller, D. J. Hamman, J. E. Gates,  
and W. S. Diethorn 

In support of the MGCR program, Battelle is investigating the effect of radiation 
on coolant-core mater ia ls  proposed for  this high-temperature graphite-moderated 
helium-cooled r eac to r ,  
meta l  oxidation and carburization. 

Potential problem a r e a s  under study a r e  carbon t ranspor t ,  and 

Hot-cell examination of meta l  specimens and graphite specimens f rom Capsule 
GA-2-2, containing four quartz t o r i  (harps) ,  was continued in June. 
and the resu l t s  of cursory  visual examination were reported for these specimens last 
month. 
BRR c o r e  position uskd for  this  experiment. 

Weight-change data 

Before the capsule was i r rad ia ted  dosimetry measurements  were made in the 
Results a r e  summarized as follows: 

Total fast-neutron flux (fission spectrum) 
Thermal-neutron flux 
Absorbed dose rate in graphite (fast neutron plus 

5 x 1013 n / ( cmz) ( sec )  
4 x 1013 n/(cm2)(sec)  
2 x l o 8  rads per  hr 

1 
gamma) 

Ratio of fast-neutron dose r a t e  to gamma dose r a t e  

An examination of photomicrographs ( 1OOX) shows that all the low-temperature 
(960 F) specimens were  essentially unaffected. 
1500 F with no getter in the torus  showed intergranular attack o r  separation to a depth 
of 1. 5 to 2 mils. Get ter  in the other to rus  reduced this intergranular attack but the 
surface zone, to a depth of 2 mils, was different f rom the inter ior  of the specimen. 
The nickel specimens at the high temperature  showed this same general  behavior but to 
a much sma l l e r  degree.  
zirconium specimens. 
metallographic resu l t s .  In these metallographic examinations control specimens, pre-  
pared  in the hot cel l  by the same  metallographic techniques, were  used for  comparison 
purposes.  

The Monel specimen i r rad ia ted  a t  

No change in  surface s t ruc ture  was observed in the niobium- 
Weight change data could not be readily correlated with the 

Metallographic examination of s eve ra l  graphite specimens f rom the to r i  revealed 
no signs of attack o r  change in microstructure .  

Based on these data f rom a shor t  in-pile experiment, Monel is attacked m o r e  
readily than nickel o r  niobium-1 w/o  zirconium in the presence of graphite and good- 
quality virgin helium at  1500 F. 
attacked under these conditions. 
There is no evidence for  carbon transport .  

At lower temperatures  (960 F) none of the metals  a r e  
The nature of the attack has not been fully defined. 

Longer irradiation exposures a re  needed to define the significance of these resu l t s  
The effect of temperature  only should be studied in duplicate to r i  in o rde r  to the MGCR. 

to define the role  played by thermal  effects. 
A 

(rry 
Additional metallography and microhardness  determinations a r e  under considera- 

tion in future work with the i r rad ia ted  meta l  specimens. 
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0. ENGINEERING ASSISTANCE: TO KAISER ENGINEERS 

Reactor-Flow Studies 

L. J. Flanigan and H. R. Hazard 

Studies of flow in a quarter-scale  air model of the Part ia l ly  Enriched Gas-Cooled 
Powei Reactor a r e  being conducted at Battelle to provide design data for the prototype. 
Work previously reported includes receipt of the plastic-model par t s ,  assembly of the 
model, installation of the model in  the t e s t  facility, and a preliminary run to check gen- 
e r a l  operation and instrumentation. 

In July, equipment was se t  up to inject titanium dioxide into the model for  visual 
flow t>:acing and to inject and measu re  gaseous sulfur dioxide in  the model to determine 
the aniount of mixing occurring f rom one 1ocat:ion to another. 

Two core- support-cylinder configurations have been investigated a s  par t  of the 
progriim to determine the effect of hole size arid location on core-flow distribution, mix- 
ing, and p r e s s u r e  drop. 

[n August, several  additional core-  support- cylinder configurations, varying in  hole 
pattern,  will be studied. 
selected for use in  subsequent model studies. 

Based on the results of these studies,  a configuration will be 
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An investigation is being made to determine suitable mater ia l s  and fabrication 
technique 'for fuel elements containing a burnahle poison, suppressor  sections which can 
be attached to or incorporated in the fuel elements,  and control rods for the SM-2 
reactclr. 

I !  

I( In addition, i r radiat ion specimens a re  being prepared as required for  use in 

P. DEVELOPMENTAL STIJDIES FOR THE SM-2 

Studies a r e  being conducted in ass is tance to Alco Products  concerned with the 
development of fuel, absorber ,  and suppresso:r mater ia l s  for the SM-2. 

Tes t  fuel specimens for irradiation in the MTR and ETR have been fabricated. 
These specimens embody ORNL hydrothermal U02, Mallinckrodt spherical  U 0 2 ,  and a 
boron burnable poison in the f o r m  of a dispersed boron compound. 

Studies a r e  in  process  to develop a fabrication process  for the preparation of f u l l -  
The reference fuel system consists of spherical  U 0 2  fuel s ize  reference fuel elements. 

and Z r B  burnable poison dispersed in a Type 347 prealloyed s ta inless  matrix and clad 
with q'ype 347 stainless steel. 

Three noninstrumented capsules containing either seven or  eight t e s t  specimens 
each liave been forwarded to the MTR for irradiation. 
in the MTR core and exposed to an unperturbed flux of f rom 3 to 5 x 10 

These capsules will be inser ted 
14 

nv. 

I 
1 -  ' Materials  DeveloDment 

S. J. Paprocki,  D. L. Keller,  G. W. Cunningham, D. E .  Lozier,  
' A. K. Foulds, W. M. Pardue,  and J. M. Fackelmann 

it 
. I  

t 

' DevelDpment of Fuel  Mater ia ls  
;/; - 
i/I 

Techniques a r e  being developed for the f4Lbrication of reference fuel elements 1: 
1 1  ' which contain cores  of 26 w/o U 0 2  and 0.21 wl'o boron in the form of ZrB2 dispersed in 

a Typi: 347 prealloyed s ta inless  matrix (0.030 in. thick) and clad with 0.005-in. -thick 
Type 347 stainless.  
graphj c examination, chemical analyses,  and rnechanical properties.  

Fabrication procedures  a:re being evaluated on the basis of metallo- 

a '  r h r e e  full-size fuel plates have been hot rolled using co res  pressed  in a new 3 by 
It is not expected that the dimensions of these plates will exactly match 

@ have not been re leased  it is necessary  to use an  approximate s ize  in order  to establish 

2. 581-in. die. 
the f i n a l  specified size of the SM-2 reference plates. 

dimensional control and tolerances. 
ous stages in the roll-cladding process  a r e  being followed by means of radiographic and 
metal1 ographic techniques. 

However, since final specifications 

Variations in core  and cladding dimensions at  var i -  
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A. 

Small-scale specimens a r e  being used to determine the effect of such variables as 
total reduction. 
ranging between 5 to  1 and 10 to  1 in thickness. The specimens all contained cores  of 
28 w/o minus 100 plus 200-mesh high-fired U02 and 1 . 2  w / o  ZrB2  dispersed in  a pre-  
alloyed Type 347 stainless powder matrix and clad with Type 347 stainless.  
were hot rolled at 2200 F to a 40 per cent reduction on the first pass  followed by 30 
cent per  remaining pass. After a 30-min anneal at 2200 F they were cold rolled 15 per cent 
and annealed 1 h r  at 2050 F. 
bond strength by pulling the plate in  tension a c r o s s  the thickness direction a t  room tern- 
perature  and 600 F. In all the t e s t s  f rac ture  occurred in the core ,  indicating that the 
core-to-cladding bond was stronger than the core. Previously reported resul ts  of the 
room-temperature t e s t s  show a t rend to decreasing strength at higher total reduction. 
Similar resu l t s  a r e  shown in Table P-1 for the 600 F tests .  Individual strengths var ied 
f rom 10,700 psi  for a 10-to-1 reduction to 14,600 ps i  for a 5-to-1 reduction. 
this spread is not much grea te r  than what would be expected at any one total reduction if  
a la rge  number of tes t s  were run, there  is a definite t rend toward decreasing strength 
at higher reductions. 
complete the ser ies .  

Two se r i e s  of specimens have been ro l l  clad using total reductions 

The plates 

The plates were evaluated for core  and core-to-cladding 

Although 

Specimens with a 15-to-1 total reduction a r e  being prepared to 

TABLE P-1. RESULTS OF TRANSVERSE TENSILE TESTS ON SMALL-SCALE 

FUEL-PLATE SPECIMENS 

Total 
Reduction 

Ratio 

Boride 
Mesh 
Size 

Test 
Temperature, 

F 

Ultimate 
Tensile 

Strength, 
psi - ~~~ ~ - - 

5: 1 -200 +270 Room 17,100 
5:l -200 +270 600 14, 500 
5:l -200 +270 600 14. 600 
6:l -200 +270 600 13.700 
6:l -200 +270 600 13,300 

6.7:l -200 +325 600 11.100 
6.7:l -200 +325 600 11. 500 
7:l -200 +270 600 12.200 
7:l -200 +270 6 00 12,700 
8:l -200 +270 600 12,700 
8:l -200 +270 600 13.100 
9:l -200 +270 600 13.100 
9: 1 -200 +270 600 13.200 

10:l -200 +270 600 11. 500 
1O:l -200 +270 600 10,700 

A se r i e s  of tes t s  is a lso. in  progress  to determine the effect of such impurit ies a s  
carbon, niobium, nitrogen, oxygen, and silicon in producing secondary reactions of ZrBZ 
with the stainless matrix. Sintered specimens containing varying amounts of carbon, nio- 
bium, and silicon have been examined. Similar  specimens a r e  being rol l  clad a t  2000 F 
and will be evaluated after rolling. The effect of niobium additions was determinedin both 
an  elemental Type 347 mat r ix  and an i ron matr ix .  In both cases  a slight amount of a sec-  
ondary phase appeared in the grain boundaries adjacent to ZrB2 par t ic les  when the nio- 
bium content was 2 w/o. Chemical analyses a lso showed a higher boron loss  f rom these 
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specimens.  
niobium level. Silicon additions up to 3 w/o a l so  reduce the oxidation of ZrB2 par t ic les ,  
but chemical analyses show a higher boron lo s s  with higher silicon contents. The r e -  
sults concerning carbon contents f rom 0. 1 to 1 w/o  of the ma t r ix  a r e  inconclusive. How- 
e v e r ,  it would not be expected that carbon in the matrix would r eac t  with ZrB2, but i f  
carbon is present  in the ZrB 
matrix. 

However, oxidation of the ZrB2 par t ic les  decreases  even to the 5 w/o 

i t  probably exis ts  as B4C, which will reac t  with the 2' 

A high-purity ZrB2 containing 19. 1 W/O l)oron, . less than 0 . 1  W/O carbon, and a neg- 
ligible amount of other impurit ies has  been received and will be used in  evaluation tes ts .  
Unfo1,tunately the powder is not available in l a rge r  mesh  s izes  than 325, so  methods of 
conscilidating the powder to l a r g e r  s izes  a r e  being investigated. 

Chemical analyses of heat t reated boron-stainless s teel  alloy foil indicates that 
heav). boron lo s ses  can occur during hot rolling of thin sheets. A loss of only 0 .01  w/o  
borors was reported during melting and fabrication of a cas t  alloy containing 0.461 w/o 
borors to 0.010-in. foil, but the reduction below approximately 1 / 4  in. in thickness was 
almost  entirely by cold rolling. However, when the 0.010-in. foil was heat t reated for 
2 h r  ;it 2200 F heavy los ses  of boron occurred in both air and hydrogen. 
tent cropped to  0.245 w/o for the specimen annealed in air and 0.128 w/o for the speci-  
men  mnealed  in hydrogen. The reason for the heavier l o s s  in hydrogen is not c lear ,  
but may be due to a shorter  diffusion path since no oxide scale formed as in the air- 
t reatcd specimen. Other samples of the foil axe being t reated in air, hydrogen, and 
vacuum in order  to  gain additional information. 
is all3yed with the fuel core  matrix, a significant l o s s  due to diffusion through the thin 
cladding can take place during the la t te r  stages of rol l  cladding when the cladding is 
relatively thin. 

The boron con- 

The tes t s  to date suggest that, if boron 

Fabrication of Irradiation SDecimens 

The fabrication and the irradiation examination of all of the specimens for  the 
three eight-specimen MTR capsules has  been completed andGhe specimens have been en- 
capsulated and delivered to the MTR. The specimens for  t hek i r s t  capsule in  the revised 
irrad:\ation program in the ETR have a l so  been encapsulated, 
tional capsules scheduled for irradiation in the: ETR have been scheduled and a r e  in var i -  
ous stages of completion. All SM-2 i r radiat ion specimens p{esently scheduled should be 
completed within the next 2 months. The revised list of specimens is l is ted in Table P-2. 

Specimens for six addi- 

Development of Control Mater ia ls  I 
i Subscale control elements containing c o ~ e s  of 33 w / o  Eu O 3  dispersed in an  ele-  
I 2  mental  s ta inless  matrix a r e  being fabricated for use in corrosion t e s t s  at Alco Products.  

These elements a r e  4 in. long and 1 in. wide, and have cores  0.090 in. thick. 
clad defected plates and bare cores  a r e  being prepared. The clad plates will contain a 
s i l icoi-free s ta inless  b a r r i e r  foil approximately 0.0005 in. thick between the core and 
cladding. 

Both 

Europium oxide of the desired particle s ize  (minus 100 plus 200 mesh)  is being 
prepa:e-ed by pressing Eu203  minus 325-mesh par t ic les  into a compact containing 
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- 
Number of Specimens 

MTR 
ETR Average ETR High Stainless Matrix Average 

Material Fuel Poison Type Bur nup Burnup Burnup Remarks 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 

13 
14 

15 
16 

17 

18 

Geneva oxide, 26 w/o 

Geneva oxide, 28 W/O 
Geneva oxide, 28 w/o 
Spherical oxide, 28 w/o 
Geneva oxide, 28 w/o 
Spherical oxide, 28 w/o 
Spherical oxide, 28 w/o 
Spherical oxide, 28 w/o 
Geneva oxide, 28 w/o 
Deleted 
Deleted 
Spherical oxide, 28 w/o 

Spherical oxide, 28 w/o 
Spherical oxide, 28 w/o 

Deleted 
Uranium nitride 

Geneva oxide, 40 w/o 

Spherical oxide, 40 w/o 

B4C. 0. I39 W/O 

B4C, 0.27 w/o 
None 
None 

Matural Zr% 
Natural Zr% 
Natural 2% 
Natural ZrB:! 
Natural NbB2 

Natural ZrB2 

Natural Nb% 
Enriched boron-10- 

stainless alloy 

Natural 2% 

Natural 23% 

Natural z”% 

Prealloyed 3028 

Prealloyed 347 
Prealloyed 347 
Prealloyed 347 
Prealloyed 347 
Prealloyed 347 
Prealloyed 347 
Realloyed 347 
Prealloyed 347 

Prealloyed 347 

Prealloyed 347 
Prealloyed 347 

Prealloyed 347 

Prealloyed or 
elemental 

Realloyed or 
elemental 

2 

-- 
2 
2 
2 
2 
2 
2 
2 

2 

2 
2 

- -  

- -  

- -  

SM-1 loading, 0.030-in. 

SM-2 loading 
core 

- -  
-- 
- -  
-- 

One-half SM-2 boron loading 

Eu2O3 suppressor attached - -  
cd 
IL 

Green compact, hot rolled 
directly 

- -  
Boron-10 in  stainless picture 

frame 

UN equivalent to 40 W/O 

u02 -- 
- -  

Total specimen spaces 

Total capsules 

22 

3 

18 

3 

22 

4 
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Cereinul "C" as a binder, drying the compact, crushing the compact into minus 80 plus 
100-mesh par t ic les ,  and sintering the par t ic les  in a platinum boat at approximately 
1600 C. 
and s izes  is being initiated, but only the mater ia l  described above will be used for the 
corrc sion specimens. 

Additional work on the preparation od dense par t ic les  of Eu203 of various shapes 

Core compacts a r e  prepared by blending dry powders of E u  0 and minus 325- 
mesh chromium, iron, and nickel for 1 h r ,  adding a camphor alcohol binder, blending 
for 1 h r ,  pressing at 15 ts i ,  presintering at 1600 F, and sintering at 2300 F for 2 hr .  
roll-cladding temperature  of 2200 F will be used. 

2 

A 

Encapsulation Studies 

A. K. Hopkins, W. E. Murr ,  and J. H. Stang 

During July, three noninstrumented i r radiat ion capsules (BMI-32-1, BMI-32-2, 
and BMI-32-3) were assembled and shipped to the MTR. 
schedule, BMI-32-1 will be inser ted in the MTR core during Cycle 126 shutdown 
(August 10, 1959); BMI-32-2 and BMI-32-3 a r e  scheduled for insertion during Cycle 127 
shutdown. 
shutdown. 
tionec in previous repor t s ,  the capsule design is based on a specimen-surface tempera-  
ture cf 650 F in an  unperturbed thermal-neutron flux of 5 x 1014 nv. 

According to  the present  

It may be, however, that all three capsules will be loaded during Cycle 126 
Table P - 3  presents  a list of specimens present  in these capsules; as men- 

The assembly of one heatered and thermocoupled capsule (designated as BMI-32-4) 
This  capsule is to be irra.diated in a beryll ium-reflector position at  

The capsule is the first of seven inntrumented capsules that will be i r radiated 
All seven capsules a r e  to be prepared during the remainder  of the calendar 

is near ly  complete. 
the E'rR. 
a t  the ETR. 
year. 

The construction of nuclear -mock-up capsules to evaluate flux-perturbation char - 
ac ter i s t ics  of the MTR and ETR capsules was delayed during July, but emphasis on this 
phase of the program will  be renewed during August. 
mental perturbation data a r e  desirable in view of a lack of agreement  between values 
obtained by P - 3  type calculation and by calculations based on Brad  Lewis empir ical  
factors.  

As explained in BMI-1357, experi-  
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TABLE P-3. FUELED CORE COMPOSITIONS FOR SPECIMENS (a) CONTAINED BY CAPSULES BMI-32-1, 
BMI-32-2,AND BMI-32-3 TO BE IRFUDIATED IN MTR CORE POSITIONS 

Nominal Specimen Location 
in Capsule, Starting Stainless Steel Poison Boron Content, 

U02 in  Type 347 

From Top Position Dispersion, w/o Type WLO 

Capsule BMI-32-1 

26(b1 
26 
26 
26 
26 
26 
26(') 

26 
26 
26 
24.2 

. 26 
26 
26(') 

26 
26 
26 
26 
26 
26 
24.2 
26 

Capsule BMI-32-2 

Capsule BMI-32-3 

NbB 2 
None 
None 
ZrBg 

NbB2 
ZrB 

Boron-10 (in cladding) 

None 
ZrB2 
ZrB 

B4= 

Boron-10 (in cladding) 

None 
B4c 

NbB2 
NbB2 
ZrB 2 

B4C 
ZrB2 

0.095 
0.192 
0.199 
0.209 -- -- 
0.240 

0.204 
0.095 
0.022 
0.021 

0.192 
0.240 

-.. 

0.022 
0.192 

0.209 
0.202 
0.199 
0.021 
0.192 

-- 

(a) Core dimensions are 1 by 1/2 by 0.030 in. , while standard specimen dimensions are 1-1/2 by 9/16 by 0.042 in. ; the cladding 
is Type 347 stainless steel. 

(b) Uranium-235 contents are 0.514 g for the 26 w/o cores and 0.476 g for the 24,2 w/o specimens. 
(c) These are double-length specimens in which a U02-fueled core and a E 9 0 3  (suppressor material) core are both present; each 

of these cores is of regular size and, in the fabrication process, are laid end-to-end and clad. 
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Q. GAS-COOLED REACTOR 

D. L. Kl2ller 

Studies for  Aerojet-General Nucleonics (AGN) 

PROGRAM 

directed toward the development of 
compact gas-cooled r eac to r s  a r e  reported in  this section. 
task:; a r e  reported under "Materials Development P rogram"  and. "In-Pile-Loop 
Prog,ram". 

The activit ies on the various 

MATERIALS DEVELOPMENT PROGRAM 

D. L .  Keller 

P r o g r e s s  of capsule-irradiation p rograms  i s  reported for  s ta inless-U02 and -UN 
dispt:rsion fuel e lements ,  solid UO2 and annularly loaded U 0 2  fuel pins,  and graphite- 
U 0 2  fuel bodies. These ma te r i a l s  a r e  being i r radiated at both the MTR and BRR. 

The six fuel pins f rom Capsule BMI-27-2 ( three solid U 0 2  and three annularly 

Extensive examination is now in progress .  
loadt!d U 0 2  cores)  have been examined visually. 
irracliation while two appear undamaged. 

Four  of these pins failed during 

During the pas t  month neutron-flux and power-distribution studies were con- 
ductcsd, and reactivity worths of mock-up control blades were  measured  in  the ML-1 
criti1:al assembly.  
ML- 1 core for neutron-flux mappings within and around the I-B element.  

Also,  a GCRE-IB fuel element was introduced to the center  of the 

Encapsulation Studies 

J. C. Smith, P. B. Shumaker,  C.  V. Weaver,  
D. W. Nicholson, and J. H. Stang 

Irradiation of Clad UN and, U02 
Dispc:rsions 

Capsule BMI-28-1 was returned to the 13attelle Hot-Cell Facil i ty during July and 
i s  awlaiting opening. 
half :':eactor cycles.  
maintained at approximately 1650 F during thle exposure.  

This capsule was i r r a d h t e d  at the MTR for about three and one- 
The one U02- and three  UN-bearing clad coupons it contains were  

Irradiat ion of Clad Pin-Type Specimens 
Contiiining Dense U02 

. 

Capsule BMI-27-2 was received a t  the 13attelle Hot-Cell Facil i ty on July 20 for  
It was found, upon opening the sys tem,  that four of the six postirradiation analyses.  
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specimens (Inconel-clad U02-fueled pins) present  were severely damaged. 
tioned in previous repor t s ,  t empera tures  of some of the specimens surfaces  probably 
reached 1700 F during the i r radiat ion (five cycles at MTR), but this level did not appear 
to be exceeded, except perhaps during brief periods a t  reac tor  startup. However, in  
view of the condition of the specimens,  the i r radiat ion is being reviewed to es tabl ish 
the operating-temperature history in  m o r e  detail  than previously has been done. 

As men- 

The s ta tus  of Capsule BMI-27-1, being i r rad ia ted  in  MTR Posit ion A-7-NW, 
remained unchanged during July. 
mated f rom readings of thermocouples located in  the vicinity of the top two specimens 
(about 500 F), a r e  in the 1400 to 1600 F range. 
specimen fission-burnup level  has reached about 6 a / o .  
unlikely that this capsule will be repositioned in  an attempt to achieve a m o r e  uniform 
axial temperature  pattern.  
ing the capsule during August i n  view of the damage suffered by specimens f rom BMI- 
27-2 (which, according to best  es t imates ,  accumulated a maximum fission burnup of 
about 4 a /o )  . 

AS before,  bottom-specimen tempera tures ,  es t i -  

It is estimated that the bottom- 
As things now stand, i t  is 

In fact ,  consideration i s  present ly  being given to discharg- 

I r radiat ion of Specimens Containing 
MCW Spherical  U 0 2  Dispersed in  
Stainless Steel 

’ Two irradiat ion capsules ,  designated a s  BMI-33-1 and BMI-33-2, were shipped 
to the MTR on July 22 with the request  that  they be inser ted during Cycle 127 shutdown 
(August 31, 1959). Each of these capsules contains four stainless steel-clad specimens 
with fueled cores  consisting of a dispers ion of 30 w / o  highly enriched U02 in Type 318 
s ta inless  s teel ;  in half of the specimens,  ORNL hydrothermal U 0 2  i s  p re sen t  and in  the 
other half, MCW spherical  U 0 2  is present .  
pa re  the i r radiat ion stabil i ty of the dispers ions containing the two different types of 
U 0 2 .  
f ission burnup of 6 and 9 a / o ,  respectively,  for  the two capsules.  
approximately 1 x 1014 nv, 6 a / o  burnup will  be achieved in  two normal  MTR cycles;  
9 a / o  burnup will  require  three normal  cycles.  

The objective of the experiments i s  to com- 

Irradiation pa rame te r s  include a specimen-surface temperature  of 1650 F and a 
In the flux requested,  

As mentioned in  BMI-1357, the capsule design is s imilar  to  those previously 
employed in Battelle i r radiat ion programs.  I t  is based on a double-wall configuration 
in which the four ver t ical ly  aligned specimens a r e  immersed  in NaK and thermal  con- 
tact  between the inner and outer capsule shel ls  is provided by fins. 
dos imeters  a r e  located adjacent to the specimens.  

Thermocouples and 

Irradiat ion of Specimens 
Containing UOz in Graphite 

Capsule BMI-29-1 is a t  NTRS awaiting inser t ion in  the MTR, As mentioned in 
previous repor t s ,  this capsule contains s ix  metal-clad 1 /4-in. -OD pins containing 
8 w/o  U02 (highly enriched) in  graphite;  cladding mater ia l s  a r e  Hastelloy X ,  Inconel 
702, and Carpenter  20 Cb. 
auxiliary hea ters  a r e  present  to a s s i s t  in maintaining this level during the exposure.  

The target  specimen-surface temperature  is 1750 F; 
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Irrac iation of UO2-Graphite Specimen 
Assemblies  With an Integral  
Cor r o sion-Gas - Flow Svstem 

i 
.-, 

. 

Preparat ions for  elevated-temperature irradiation-damage studies of Sic-coated 
This involves grapliite-U02 (8 w/o  highly enriched U02) bodies continued during July. 

the i:$.radiation for  approximately 5500 hr  of three similar capsules in a core-face 
position of the Battelle Research  Reactor.  E x h  capsule will  contain a specimen a s -  
semhly consisting of one unfueled and two fueled disks  ( 1 - 3 / 8  in. in  OD by 1 in. long) 
sealed in a meta l  can. The evaluation of i r radiat ion damage to  the fueled bodies and 
the determination of the corrosive attack of GCRE reference gas  on the specimen-can 
mater ia l s  (now Inconel 702 and Hastelloy X) a t  a nominal temperature  at 1700 F a r e  
two Epecific objectives of the program.  

Thermal-mock-up studies a r e  under way (1) to a s s e s s  problems involved in  
capsit le-temperature control (which will be ac:complished by regulating the composition 
of thc: g a s  mixture  present  in  the thin annulus between the water-contacting outer shel l  
and the canned specimen assembly) ,  and (2) to ascer ta in  the importance of axial heat 
flow from the two fueled disks to the central  rtonfueled disk in the individual assemblies .  
In thf: mock-up, sheathed resis tance-wire  heaters  provide the heat source.  
t ransfer red  ac ross  a 40-mil annulus connected to  argon and helium cylinders via indi- ' 
vidual l ines.  Gas composition is regulated by a delivery- and bleed-valve system 
actuated at appropriate - intervals  by a control thermocouple located adjacent to the 
heater coils.  

Heat i s  

In experiments thus far completed, the p re s su re  of the heat-transfer gas  mixture  
was rnaintained at 110 p s i  since consideration was initially given to pressurizat ion in  
the final in-pile sys tems.  
t ro l  level  of 1000 F. Atmospheric-pressure experiments were  next scheduled, but, 
before these could be initiated, the sys tem hea ters  failed and, a t  p resent ,  necessary  
r epa i r s  a r e  being made;  in addition, the sys tem design i s  being modified to achieve 
increased flexibility. 
the 1500 F range with atmospheric-pressure gas-mixture conditions. 

The best  temperature  control achieved was f 25 F at a con- 

When tes t s  a r e  resumed,  control-temperature levels will be in 

As described in  BMI-1357, GCRE reference gas pressur ized  to 400 ps i  will flow 
slowly during the i r radiat ions through small tubes welded into the canned-disk a s  sem- 
bl ies ,  Flow-control problems presented by tlzis sys tem have been evaluated by intro- 
ducing cylinder nitrogen into a small furnace-'heated (to 1700 F) U-tube. Valving con- 
sistel3 of (1) a precision cylinder-to-tube regulator ,  (2) a second regulator for throttling, 
and (3)  a manually adjustable needle valve at the exit. P r e s s u r e  control achieved with 
this iirrangement was quite acceptable inasmuch as a flow ra te  of 0. 067 lb of gas p e r  h r  
proditced a p res su re  drop of only 6 p s i  f rom at 400-psi s ta t ic  condition. This flow ra te  
is thc: maximum anticipated for the individual capsule sys tems during their  in-pile 
expofiure. 

As an adjunct to these corrosion-gas experiments ,  investigation was made of 
therrTocouple placement within the heated tube and i t s  effect on the accuracy of the 
tempera tures  monitored. 
clip clevice were  m o r e  responsive to wall-temperature variations than couples suspended 

It was found that ccluples held against  the inside wall by a 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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in  the gas s t r eam.  
gas-flow ra te .  
of about 1650 F when the flow ra te  was 0.080 lb p e r  h r .  
of clip-positioned thermocouples in the final capsule design. 

Also, the fo rmer  thermocouples were l e s s  affected by variations in  
With the wall temperature  held at 1700 F, they indicated a temperature  

These resu l t s  justify the use 

The final experimental  activity now under way involves nuclear-mock-up tes t s  to 
a s  s e s s capsule flux- pe r tur  bation char  act  e r i s t ic s . 
and the necessary  holding f rame were  fabricated and exposed at  the BRR during July. 
In the upper and lower uni ts ,  the fuel is simulated by an aluminum braze  alloy; in  the 
central  unit, graphite specimens a r e  fueled with the proper  amount of highly enriched 
U02.  This s e r i e s  of tes t s ,  along with the attendant dosimeter  analyses,  will be com- 
pleted during ea r ly  August. 

T h r  e e complete mock-up a s  s emblie s 

During July,  detailed analyses were  made of the thermal  res is tance between the 

dilution of the 
coated graphite bodies and their  containing cans ,  taking into account c learances 
developed at operating tempera tures  f rom unequal thermal  expansions 
original helium cover g a s  by fission gas re lease  and consequent reduction in  heat- 
t ransfer  capacity, and eccentr ic i ty  effects. 
in Table Q-1. 
the can can be sizable unless  initial fits are closely controlled. 
of course ,  will reduce the degree of specimen temperature  control offered by variable 
gas-mixture  composition. Fortunately,  however, information f rom AGN who will 
supply the test-specimen assembl ies ,  indicates that an  init ial  p ress - f i t  assembly can 
be achieved without undue difficulty. 

A summary  of typical resu l t s  is presented 
It may  be seen that variations in the temperature  drop  f rom the fuel to 

A l a rge  variation here ,  

Effects of I r radiat ion 

J. H. Saling, J. E. Gates ,  and R. F. Dickerson 

The i r radiat ion in  Capsule BMI-.27-2 of six Inconel-clad specimens containing 

P r e -  
solid and annularly loaded UO2 has been completed. 
in  contact with NaK to approximate burnups of 4 p e r  cent of the uranium-235. 
l iminary examinations of the thermal  his tory of these specimens as 'obtained f rom 
thermocouples during i r radiat ion indicated that the surface tempera tures  ranged f rom 
approximately 1100 to 1700 F. 
m e n  included sampling for fission gas  re leased ,  visual inspection, making of s tereo-  
macrographs 
tions by isotopic analysis , and metallographic examinations. 
to remove the solid pellets f rom four specimens and obtain s tereomacrographs,  
densit ies,  and dimensions of each pellet .  
Battelle and the recovery and examination of the specimens have been initiated. 

These specimens were  i r radiated 

The post i r radiat ion examination planned for  each speci-  

density determinations,  dimensional measurements ,  burnup determina- 
In addition, i t  was planned 

The i r rad ia ted  capsule has been received a t  

The capsule was received and opened at the Battelle Hot Cell  Facil i ty during 
July,  1959. 
manner  that measurements  and densit ies will be impossible to obtain. 
examinations and burnup analyses  on these specimens will be conducted. 
mens from the cent ra l  section of the capsule,  both loaded with solid U 0 2 ,  appear to he 
in good condition and will receive a complete examination. 

Four of the six specimens contained in  the capsule had failed in  such a 
Metallographic 

Two speci-  8 
Of the four specimens which 

..... . . .  . . . .  . . .  . . .  ..... 
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TABLE Q-1. CALCULATED SPECIMEN-TO-CAN (SURFACE TEMPERATURE GRADIENTS FOR A 
SELECTED RANGE OF PERTINENT v A R I A B L E ~ ~ )  

Amount of Fission Gas Temperature 
Release Into Space Gradients, 

Diametral Between the Specimen Eccentricity Specimen 
Clearance at Room and Encapsulating Can, a t  Temperature, Surface to 
Temperature, mils per cent mils Can, F 

-0.6 (in, erference fit) 0 0 165 

+2.0 

0 

0 

2 

4 

150(b) 

50 0 28 0 

0 0 2 05 

0 

0 

2 

4 15 O( b, 

50 0 345 

(a) Assuined specimen conditions include diameter (room temperature) = 1.3754 in., surface temperature = 1604 F, heat- 
generation rate = 3000 Btu/(hr)(in.), and coefficient of expansion = 3.3 x 
expailsion of the can material is 9.2 x 

per F; the assumed coefficient of thermal 
per F (for Hastelloy X). 

(b) Isoth(:rmal surfaces were assumed for the nonconcentric cases. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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failed, the top specimen and the bottom specimen containing solid U 0 2  appear to have 
failed because of melting o r  alloying of the Inconel cladding. 
f rom the top, containing annularly loaded U 0 2 ,  a lso appears  to have failed in this 
manner .  
men,  was ruptured but shows no evidence of melting. 

The second specimen 

The remaining annularly loaded specimen, located next to the bottom speci- 

Pre l iminary  examinations have not indicated the cause of failure of the specimens.  
A complete analysis of the capsule design, the i r radiat ion history,  and the appearance 
of the specimens i s  being made in  an attempt to discover the reason for the fai lures .  

GCRE Crit ical-Assemblv EXDeriments 

R. A. Egen, W .  S .  Hogan, D. A. Dingee, and J. W. Chastain 

Experiments a r e  continuing with the ML- 1 cr i t ical-as  sembly mock-up. During 
the pas t  month neutron-flux and power-distribution studies were conducted and reactivity 
worths of mock-up control blades were  measured .  

The ML-1 reac tor  is designed to produce a near ly  uniform radial  power distribu- 
To investigate power uniformity 1 /&in. -wide aluminum s t r ip s  (catcher foils) tion. 

were  wrapped on each of the four fuel cylinders at a fixed axial position in all fuel 
elements of a symmetry  sector  of the core .  
averaged power was l e s s  than 18 pe r  cent. 
cylinders to fuel-element power var ied little throughoutthe co re .  
maximum and minimum power contributions for each of the four cylinders.  

The maximum deviationfrom core-  
The percentage contribution of the individual 

Table Q - 2  shows the 

TABLE Q-2. PER CENT OF TOTAL FUEL-ELEMENT 
POWER SUPPLIED BY INDIVIDUAL 
FUEL CYLINDERS 

Power Contribution, per cent 
Fuel Cylinder Maximum Minimum 

Inner 12.00 10.00 

Second 18.10 15.90 

Third 

Outer 

27.70 25.15 

48.05 43.20 

Neutron-flux data  throughout the core  were  also obtained and a r e  being analyzed. 

Special  studies using a GCRE-IB fuel element (1 9-pin uranium dioxide-pellet- 
fueled assembly) were  conducted to investigate the neutron-flux pat tern within and 
around the IB element.  
multicylinder element a t  the center  of the core .  
in  reactivity. The flux data  a r e  being analyzed. 

F o r  these studies the IB element replaced a standard GCRE-I 
The exchange represented no change 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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I 

Shutdown-reactivity values a r e  being measured  for mock-up scissor-act ion con- 
t ro l  blades. 
mately 3 in. wide by 12 in. long and tapering in thickness f rom 5 /8  in. to 1 /8  in. a t  the 
tip ((:ore end). The reactivity measurements  included-five angles of separation between 
the two blades: zero ,  6-1/3,  30, 60, and 11Cl-1/2 deg. 
b1adt:s fully (180 deg) because other components of the cr i t ical-assembly mock-up inter-  
ferrt :d.  

The f i r s t  se t  of measurements  were  made with s ta inless  s tee l ,  approxi- 

It was not possible to open the 

The data a r e  being analyzed. 

In a second s e t  of experiments the stain.1es.s s tee l  blades were covered with 20-  
This la t ter  study j s  st i l l  in progress .  mil-,;hick cadmium sheet. 

During the coming month the control-blade studies will be concluded. In addition, 
expe riments concerning the reactivity worth of a production GCRE-I fuel element in  the 
ML- 1 cr i t ica l  assembly will be conducted. 
tions in  construction o r  in  fuel loading of the production element.  
all e:cperiments will continue during the next .month. 

These studies will attempt to detect var ia-  
Analysis of data f r o m  

IN-PILE-LOOP PROGRAM 

c 
G. A. Franc is  

During the period covered by this r epor t  activity continued on both the Battelle 
Research  Reactor and Engineering Tes t  Reacizor in-pile recirculating gas-loop pro-  
graras .  
made. 
ued. 
ing s3ctions. 

At the BRR, i r radiat ion of a fuel specimen was completed and a flux run was 
At the ETR,  preparat ion for insertion of the in-reactor  loop piping was contin- 

The activit ies associated with the two lciop programs a r e  descr ibed in  the follow- 

BRR Loop F ' rogram 

S. J. Basham and W. H. Goldthwaite 

I r radiat ion of the I B - l a T  specimen was s ta r ted  during June. The specimen con- 
s i s t s  of 19 Inconel-clad U 0 2  fuel pins in the fo rm of a fuel subassembly. The i r r ad ia -  
tion was  terminated on July 18 because of high fission-gas activity a t  the exhaust stack. 

The element had been i r radiated for a total  of 165 h r  a t  that t ime. The element ~ 

powe.- t ransmit ted to the flowing gas (at an average test-section temperature  of 650 F) 
was ~ p p r o x i m a t e l y  3 3  kw. 

At the t ime of t e s t  termination, 267 theisma1 cycles had been accumulated. They 
were  a s  follows: 
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Controlled thermal cycles 248 

Slow thermal cycles 1 

Loop shutdowns 3 

6 Loop-caused reactor scrams 

Reactor scrams 9 

During the run, eight of the fuel-assembly thermocouples failed. 
fa i lures  occurred during the rma l  cycling of the element. 
between 1000 and 1600 F at the hottest measured  fuel-specimen surface.  

All but one of these 
The controlled cycles were  

Gas samples  which were  taken from the primary-coolant system throughout the 
The amount increased during the run showed gaseous fission products to be present .  

i r radiat ion and showed ei ther  surface contamination o r  a cladding defect. 
being analyzed at  this time and will be reported next month. 

The data a r e  

After the specimen was removed f rom the loop, a nuclear mock-up of the unit was 
inser ted in  the loop for  flux mapping. 
next month. 

The resu l t s  of the flux study will  be reported 

A survey of the loop for  activity which might have resulted f rom the fission gas 
re lease  showed no abnormal amounts. 
able by use  of previously established techniques. 

It appears  that the unit should still be service-  

Plans cal l  for  the start of i r radiat ion of the IB-1PT during August. The p-unit i s  
s imi la r  to the a-unit with respec t  to general  configuration and ma te r i a l s  but features  
stepped and finned heat-transfer surfaces .  

ETR LOOD P r o g r a m  

J. V. Baum a n d E .  0. Fromm 

/' 

Activities a t  the reac tor  s i te  have continued with the cold check of the out-of-pile 
installation and preparat ion for  inser t ion of the in-pile tube. -'> %> 

The problems associated with the operation of centrifugal blowers in  paral le l  
were  studied both analytically and experimentally. Operation of the sy  
individual blower outlet valves thrott led to give a 20-psi differential  bf 
has shown that stable operation can be achieved at the loop design flow 
anticipated loop operation i s  a t  flow ra tes  far below loop design and this might intro- 
duce new stability problems,  single-blower operation has been requested for initiation 
after the f i r s t  cycle of i r radiat ion of the first tes t  specimen. A change-of the loop 
control sys tem to a flow basis  has been requested for the same  t ime.  '"- - 

.. .. .. .. .. .. 
... .. ... 
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Q-9 and (2- 10 

The checkout of removal  equipment has s ta r ted  but i s  not complete. The init ial  
plan has been al tered to eliminate assembly of the complete apparatus on top of the 
reac':or. Scheduling has necessitated this action. 

At present ,  the out-of-pile portion of th.e loop has been released to the reac tor  
Operators  a r e  becoming familiar with the sys tem by training on all operating staff. 

s hifti; . 

Plans  cal l  for  the reac tor  to be down du.ring the first two weeks of August. The 
Battelle in-pile piping should be installed during the ea r ly  p a r t  of the shutdown. The 
hot check will be performed with a dummy sp'ecimen in  place during the next reac tor  
C Y C l € ! .  
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