
3 445b 0544578 3 y3- 

C-44a - Nuclear Technology - Materials 
M-3679 (46th ed.) 

OAK RIDGE NATIONAL LABORATORY 

STATUS AND PROGRESS REPORT 

SEPTEMBER 1966 

UNION CARBIDE CORPORATION 
f o r  t h e  

U.S. A T O M I C  ENERGY C O M M I S S I O N  

Downgrade to Unclassified After October 6, 1967 



T h i s  report was prepared 8s on account of Government sponsored work. Neither the United States, 

nor the Commission, nor oriy p e r s o n  act ing on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, w i th  respect to the accuracy, 

completeness, or usefulness of the informotinn contained in t h i s  report, or thot  the m e  of 

any informotion, apparatus, me:hod, or process d isc losed in t h i s  report may not icfringe 

pr ivate ly  owned r ights; or 

B. Assumes any l i a b i l i t i e s  w i t h  respect t o  the use of, or for damages resul t ing f romthe  use of 

ony information. appnratus, method, or process d isc losed  i n  th i s  report. 

As used i n  the above, “person w r i n g  on behalf of the Commission” inc l t ldcs  any employee or 

CDntrnctor of the Commission, or employee of such contractor, t o  the extent  that Such employee 

or contractor of the Commission, or employee of such Contractor picpores, disseminotes, UT 

prov ides occezs to ,  any information pursuant t o  h i s  employment sr controct  w i th  the Commission, 
or h i s  employment w i th  such contractor. 



ORNL-4026 

Contract N o .  W-'7405-eng-26 

OAK RIDGE NATIONAL LABORATORY 

STATUS AND PROGRESS REPORT 

September 1966 

DATE ISSUED 

October 6, 1966 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

operated by 
UNION CARBIDE CORPORATION 

for  the 
Uo S ATOMIC EPERGY COMMISSION 





CONTENTS 

RFACTOR ..VE..'r ................................................ 
GAS-COOLF=D REPICTOR PROGRAM .................................... 

Fast  Gas-Cooled Reactor I r r a d i a t i o n  T e s t s  ................ 
High-Burnup Coat e d- Par-tic l e  I r r a d i a t i o n  T e s t  ............. 
Proper t ies  of Pyrolytic-Carbon Coatings Deposit. ed 

from Propane ........................................... 
Effec t  of Pipe Bends on Wall Deposition of Iiadioactive 

Iodine ................................................. 
Thoria-Urania S o l  Preparation ............................ 
Microsphere Forming Studies .............................. 
fie led- Graphit e Fabricat ion Development : 

P a r t i c l e  Bonding ....................................... 
Fueled- Graphit e Fabricat ion Development : 

Coating ................................................ 
Fueled- Graphit e Fabricat ion Developnent : 

Uraiiia So l  Prepara-Lion by Solvent Extract ion ............. 
Thorium-Uranium Recycle F a c i l i t y  ......................... 
Formation of Carbides 

E'UEL-CTCL;E S.DIES ............................................ 

Fuel 

Pa r t i c  l e  

Pa r t i c  l e  
Inspect ion ............................................. 

from Sol-Gel Microspheres .......... 
233U Storage and Dis t r ibu t ion  ............................ 
Molten-Salt Reactor Experiment ........................... 
M ~ t a l l u r  ................................................ 
Chemical Develo-pnie ....................................... 
Radiation Effec ts  ........................................ 
MSR Processing ........................................... 
Analysis of Radioac-Live NSRE Fuels ....................... 

REACTOR FUELS AND MATERIALS ................................... 
Zirconium Metal1u.r ...................................... 
Mechanical Proper t ies  Research ........................... 
Fuel Element Fabricat ion ................................. 
SAP Materials Development ................................ 

POWER REAC'I'OlI FUEL PROCESSING ................................. 
Aqueous Process Development: General .................... 
Aqueous Process Development: Burn-Leach Process ......... 
Aqueous Process Development: Grind-Leach Process ........ 

Studies ................................................ 
Flui d i  zed-Be d V o l a t i l i t y  P i l o t  Plant  (FBVPP) ............. 

Zircaloy-Clad Fuel ..................................... 
U308 from Lines and Filters ............................ 

Fluoride V o l a t i l i t y  Processirlg: puE'6 Process Te..ts ...... 

MOLTEN-SALT REACTOR PROGRAM ................................... 

Aqueous Process Development : Solvent Extract ion 

Fluoride V o l a t i l i t y  Processing: Deatment of 

Flu-oride V o l a t i l i t y  Processing: Use of BrF3 t o  Remove 

Fluoride V o l a t i l i t y  Processing: Disposal of Bromine 
Fluorides and Fluorine ................................. 

1 
1 
1 
2 

2 

4 

5 
5 
6 
6 
7 
8 
8 
9 
1.0 
11 
11 
11 
12 
12 
12 
13 
13 
14 
1.4 
14 
15 

16 
17 

1% 

18 

19 
19 



. i.v . 

HIGH FLUX ISO'IOPE REACTOR DESIGN ASJD UEVEMFMENT .............. 
Reac-tor Ana3-ysis ......................................... 
M ~ t a l l u r  ................................................ 
Reactor Operations ....................................... 

PHYSICAT. RESEURCH .................................................. 
Rcactor Operations ....................................... 
Waste Disposa ............................................. 
Bot-Cell . Operations ...................................... 

PHYSICS AND MA'I'HEDIAlTCS ....................................... 
Charge Spectrometry ...................................... 
i n e o r e t i c a l  Physics ...................................... 
High-Voltage Experimental Program: 

High-Voltage Ex- er imental  l'rogram: 

r-1> 

39K( 3He , P ) 41.Ca. 

Neutron Tota l  Cross 
Reaction and 2p-lh S ta t e s  .............................. 
Seci;ion of ( 2  4pb -i- n)  f o r  5 < En (krv) < 80 and of 
( *O8-P t ,  + n )  f o r  26 < En (kev) < 84 ..................... 
Section o-i" Nitrogen from 2.0 t o  4.2 Mev with Good 
Enerw Resolution ...................................... 

i 
High-Voltage Experimental Program: Tota l  Neutron Cross 

Mai;hemat i c s Research : Products and Linear C ornb i n a t  i ons 

Mat hemati e s R e  search : Solutions of 'Trans c e ndent a1 

Programming Research: Tungsten Deposition Studies ....... 
Progra-ming Research: Like]-ihood Rat io  T e s t  f o r  

Multinomial Distr ibut ions .............................. 
Programming Research: Exponential Approximaiion ......... 

C.STRY ..................................................... 
Isotope Chemistry ........................................ 
Effec ts  of Radiation on Analyt ical  Methods ............... 
Physica.1 Chemistry of Molten Sa l t s :  

f o r  Crys t a l  S t ruc ture  Determination .................... 
Physical  Chemistry of Mollten Sa l t s :  

of Molten Fluorides .................................... 
Chemical Engineering Research ............................ 
Separations Chemistry Research ........................... 
V o l a t i l i t y  Stud.ies. ...................................... 

o f  Involu1;ory Mat.rices ................................. 
Equations .............................................. 

Computer Programs 

Physical Propert ies  

!EXNSURANNIUM-EI.EMKNT FROCESSTNG ............................... 
TRU Operations ........................................... 
Process Deve lo~~ ien t  ...................................... 
Direct Observation of La t t i ce  Defects .................... 
Physical . Ceramics ........................................ 
Metallurgy of Superconducting Materials .................. 

CONTROLLED THER€4ONUCIEAR KESFSLRCII ............................. 
(EX-1, Dcx-3) ......................................... 

P&qI'ALUJRGY AND MATERIALS ...................................... 

Single- Pass I n j e c t  ion-  Ac cumulation Experiments 

Ion Source and Ion  Beam Technology ....................... 
Propert ies  of Plasmas Created by Electron-Cyclotron 

Heating ................................................ 

20 
20 
21 
21 

22 
22 
22 
22 
22 
22 
23 

23 

23 

24 

24 

25 
25 

25 
25 
25 
25 
26 

27 

27 
28 
211 
28 
29 
29 
30 
31 
31 
31 
32 
32 

32 
33 

33 



- v -  

. 

Proper t ies  of Plasmas Created . by Rem- Plasnra 
In t e rac t ion  ............................................ 

Theoretical  . Plasma Physics ............................... 
Atomic Cross Sections .................................... 

BIOIQGY AND .DICIT\IE ............................................... 
Body F ~ u : ' L ~  Analysis ...................................... 

SOMATIC EFFECTS OF mDiATION .................................. 
Sta-Gist,-i.cal. Services and . Research ........................ 
-13 ratholoffy and Fnysiolo gy 
Mediwn(Inw)-Icvel Ilmg-Terrn Effects of Radiation ......... 
Influence of  Microbial  Environment on Radiation 

Yatholo ............................................... 
Fhysio1o.g 1 of Blood P l a t e l e t s  ............................ 
V i r o l o a  of Radiation Oncogenesis ........................ 
Cl in ica l  . Kicrohiology an.d Biochemistry- ................... 

COE@3ATIWC DETxImfl'AL EFFECTS OF BADIATION .................... 
Manrnalian Recovery ....................................... 

................................. 

RAD1OJ;OGICAL PHYSICS, I53ALTH PHYSICS, N!JD RADIATION 
INSTKOI..TilTION .................................................. 

Basic  Inst.ciimentation .................................... 
OFEN LImUTVllE ..LJCATIONS ....................................... 
.ST.'O..S ........................................................... 

33 
34 
34 

35 
35 
35 
35 
35 
36 

36 
36 
37 
37 
38 
38 

38 
33 

39 

48 

. 





- 3. - 

S'l?Rn'%'US AND PROGRESS REPOI?T 

This Sta tus  and Progress Report summarize:; 
the 1mnclass.i.fied. port ion of .the I&borat,oyy's work. 
Some of t l i e  -topics are lnc1uHed every month, but  
the majori ty  a r e  reported on a bimonZ;h1y sched.u.le. 

Fast  Gas-Cooled. Reactor 1rradi.a-Lion Tests .  - I r r a d i a t i o n  tests arc 
being conclucted i n  the  ORR poolsi.de facLLi-ty to support -the d e v e l o p e n t  
of the  General AtomFc fast. gas-cooled. reac tor  design. PoGtirrarlizLion 
exanj..natioa of t he  .two f u e l  e lemenk from the f o u r t h  capsule ii-1 t h i s  
s e r i e s  ( F & - A )  has revealed no evidence of impending faihire . 
w e  found a sniall l o c a l  indentat ion i n  -the claddi.ng of the  prep*( 
fuel-supported element in 'che v i c i n i t y  of oine of the  cladding th.ernIo- 
c o u p k s ,  arid t h e  gmma scan of the  "flexcan" fuel. element sl-iowed an 
unusual peakiug of fission product a c t i v i t y  a t  loca t ions  corresponding 
t o  p e l l e t  i n t e r f aces .  'This capsule was i r r a d i a t e d  for two OIW cycles;  
the  m a x i m m  cladding temperature was nominally '1/6OoC h u t  reached 860°C 
b r i e f l y  during a reac tor  excursion. 

I r r a d i a t i o n  of t he  f i f t h  capsule i n  t h i s  seri.es (04-IT) con'; I iriued. 
After  one 0133 cycI.e, during which the  capsul-e was suF,,jec.teci. to 36 therrrial. 
cy-cles and two cold pressure cycles, a periodic  l eak  {;est gave no irrdi-  
c a t i o n  of cladding f a i l u r e .  The capsule contains -t:.ro f u e l  elemeri-Ls of 
t he  fuel- support type and. i s  being irradiated.  at lo' Irw/f-t heat generation, 
815°C rmximum cladding temperature, ant1 XI00 psia e x t e r n a l  pressure .  

Ilo~errex-, 

IEigh-Burnup Coated-Particle I r radia- t ion Test .  - Wie 3'9 hi@-burnup 
c oate d- par. t ic l e  i r r ad i  a-Li on t e s t as s ertib ly c on t ai.n.e (3. -t. wo batches of - 
pyrolytic-ca1-bon-coa.ted Pu.el p a r t i c l e s  i n  separate  f'u.e1 holders. I n  one 
batch the  fuel was sol-gel-produced TJO2 mlcrospheres, and. i n  the otl.ier 
t he  f u e l  vas  UC2.  
temperature of 1100 t o  1.400"C and. t o  burnups i n  excess of 50% of the  
h i t i a l  m e t a l  atoms. A common sweep gas was sampled per iodica l ly  t o  
uioriitor f i s s ion-gas  release.  A t  3;t~oUL 10% b.urnu.p, the  fission-gas re lease  
rate (expressed. as R/B, thE: r a t i o  o f  r e l e a s e  rate Lo b i r t h  rate) increased 
by about two orders of magnitude f r o m  ~-1.0-~ t o  -lo--' and remained roiiglily 
constant t h e r e a f t e r .  

I r r a d i a t i o n  extended over a one-year period af; a 
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During p o s t i r r a d i a t i o n  exatnlnation we have ati;emp'ced t o  deter-mine 
whether one of t h e  f u e l  batches w a s  t h e  s o l e  source of t h e  observed i.n- 
crease i n  f iss ion-gas r e l ease  and t o  i d e n t i f y  t h e  cause. 'The r e s u l t s  
t o  da te  a x e  inconclusive.  A f t e r  t h e  r u e 1  p a z t i c l e s  were removed from 
the  graphi te  f u e l  holders,  t h e  holders were garnula scanned. We found 
that; t h e  holder t h a t  had contailled tile UC2 p a r t i c l e s  showed ten times 
as much r e s i d u a l  f i s s i o n  product a c t i v i t y  as did t h e  holder t h a t  had 
contari.nec3 UO;? p a r t i c l e s .  However, when wc examined bo th  batches of 
p a r t i c l e s  (approximately 10,000 p a r t i c l e s  per ba t ch )  under Lhe s te reo-  
microscope, we were unable t o  l oca t e  any f a l l e d  p a r t i c l e s  i n  e i t h e r  
batch.  Similarly,  K ~ O  f a i l u r e s  could be ident i f ied .  i n  metallographic 
mounts of samples o f  p a r t i c l e s  from each batch, although we d. id  observe 
a s i n a l l  number of damaged p a r t i c l e s  - f i v e  out of 170 UC;? p a r t i c l e s  
examined and one out  of 85 UO:! p a r t i c l e s  examined. 

W e  r ecen t ly  coriipieted a systzmatic study of t he  zffec'is of deposifyon 
conditions on t h e  p rope r t i e s  oi" coatings derived from propane. The 
coa-tingn were &posi ted on a 55-g charge of 460-p-diarn Tho;! microspheres 
i n  a I - i n . - d i m  f l u i d i z e d  bed i n  which t h e r e  was a s t a t i o n a r y  a x i a l  probe. 
We studied deposi t ion temperatures between 1200 and 1900°C and var ied the 
propane supply ra te  from 0.05 t o  3.2 cm3/min per square centimeter of 
particle surface (0.07 t o  4.3 gram-atoms of carbon pe r  rni.nute per square 
i-ncter) . 
t h e  deposi ts  have the  same general  r e l a t i o n  t o  temperature and gas supply 
ra te  as with methane. 
temperatures. 
a t  a propane slipply rate of 3.2 em' min-' cm-* . 
pl-etely random i n  o r i en ta t ion ,  have a densi ty  of abou-L 2.0 y/crn3, and 
a r e  deposi-ted a t  a r a t e  of about 9 y/mri.n. 
from methane requires  a deposit ion temperature i n  excess or 2000°C: and a 
gas flow t h a t  l i m i t s  t h e  deposit ion rate t o  about 1 p/min. 
r e n t l y  eval.ilxa'cing t h e  i r r a d i a t i o n  behavior of these high-density low- 
temperature coa-Lings . 
e f f e c t  a pipe bend may have on pipe wall--deposit ion i n  a flowing gas 
S-Lrem. contai-ning a t r a c e  amount of r ad ioac t ive  iodine was inves t iga t ed  
f o r  45 and 90" pipe elbows. The deposi t ing surface w a s  maintained i so -  
thermal- a t  25OoC, and t h e  helium flow was i n  -the turbulent flow regime. 
In both bends t h e  peak depositioil per  uni-L a r e a  was g r e a t e r  by approxi- 
maLe1.y a f a c t o r  of 8 thain t h e  deposit ion i n  t h e  s t r a i g h t  pipe downstream 
of the bend. 

-__. Propert ies  of Fyrolytic-Carbon Coatings Deposited from Propane. 

Kesul-ts show t h a t  t h e  densi-ty, anisotropy, and c r y s t a l l i t e  s i z e  of 

However, deposit ion r a t e s  a r e  much higher a t  a l l  

Such deposi ts  a r e  com- 
O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  coat ing appl ied a t  3200°C 

To achieve comparable coatings 

W e  are cur- 

Effect  of Pipe Bends on Wall Deposition of Radioactive Iodine.  - The I__..._I 

%'UFL,-CYCIE S'TUDIES 

Thoria-Urania S o l  Prepara-Lion. - Taboratory studi.es continue on t h e  
process for making mlxed'sols of thori-urn and uranium oxides d i r e c t l y  from 
a sol-utioil of thorium and uranium n i t r a t e s  by a two-s-Lage solvent ex- 
trac'ci.on procedure. In t h i s  procedure, organic so lu t ions  of long-chain 
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a l i p h a t i c  amines contact  the  aqueoxs nitrate solut,i.ons of t'noriusa ~ i r ~ d  

ui-anTim and ex-tract  t h e  n i t r a t e  ions,  causing the metal  ions t o  hydro- 
lyze.  
i s  necessary t o  piwduce a degree o:C metal.-ion hydroLysis 2:uitabl.e f o r  
good sol formation. Our most recent studies show that, a. riiinimuin t i i -  

ges t ion  period of a'uomt 8 m i - n  a t  98 t o  101."~: i s  requ:i.red t o  actlrij-eve tile 
desired. n i t r a t e  : r ~ t a l .  mole ratio of about 0 .2 .  
b.ave l i t t l e  effect ,  

Lraction proee&iire a x  a l s o  continij.ing. Mtcrospheres were prepared. from 
a sol that w a s  1.1. M i n  t h o r h n J  0.332 M tn umrlii,i.m, and 0.30 M in nitra.te, 
and tha-1; contaihed 
c ~ r ~ o ~ l - c o n . ~ ~ i ~ ~ . ~ l ~  mater ia l .  The sol was injected into 2-ethyl-2-bexanol 
containing 0.5 vol. $ TI20 and surfactants 
a range of concentrations were ?valuated. A f L e r  dryling and firing a t  
1150"C, most of -the spheres had. a poros i ty  of l e s s  than I$ a.nd a d e m i t y  
t ha t  was r z o ~  tinan 95$ of t h e o r e t i c a l .  Resistances t o  crushing f o ~ c c s  
rmgecl f'i-om 940 to 2000 g f o r  spheres rani;r;;l.ng i n  s i z e  from 1.50 to 350 11 
in dia.met.er. Spheres with these  values are more t,kixn adequate foi- u s e  
i n  HTGR f u e l s .  An exception occurred when Ethorneen S-1S plus bis-2-  
ethoxyc-thyl ph tha la te  wan used as a surfac:-i;ant. In this case, the re- 
sul-Ling microsphere,; had a denstty tha t  was only 92% of t h e o r e t i c a l .  

Thor ia -urmia  sols a r e  a lko  being prepared by mixing sols of urania 
and t h o r i a .  An e f f o r t  was inade t o  determi.ne the accuracy of t h i s  method. 
f o r  producing sols of  8, d.esired composi-Lion. Ca l ibmted  glassware w a s  
used f o r  mixi.ng t h e  analyzed sols. Since uraniwn enriclments as wel l  as 
thorizvn:v.ranium r a t i o s  were specj-yied, it was necessary, ftrst  to mix 
an anul.yzed urania sol of na tu ra l  uraniim with one of 93.I.€$ 215U enrich- 
menC, and then t o  mix t h e  r e s u l t a n t  ui-ania sol w i t h  a tl1ori.a sol..  The 
percextages o f  uranium. e n r i c h e n t  and the  l;horiurn:uranium ratios i n  
microspheres prepared from t heze  sols are i n  exce l len t  agreement with 
those desired,  as may be seen from t he  table below. 

A diges-tior. of t he  aqueous so lu t ion  bet-irreen two ext rac t io l l  s teps  

llnager d iges t ion  p e ~ l i o d s  

MLcrosphe~*e forming s tud ie s  wi.th s o l s  prepared S,y .this sol-vent ex- 

s m a l l .  amount (0.0T mole of carbon per l i x e r )  o€ 

A variety of su r fac t an t s  and. 

Thorium: IJranium 2ati.o Perc e n t  age Uranium Enr i c hnent 

Desired Anal.yz e d D e s  l.re d h u l y  z e c i  

0.3333 0.3337 

I. 0000 1.005 

1.857 1.886 

~ ~ - 

L3.5 L3.3 

65.3 65.04 

93.  le" 93.18 
~- - 

aUridi liuted enrixhed urania sol was used i n  t h i s  prepara- 
t i o n .  

Microsphere Forming Studies. - Current microsphere f oriiiing develop- 
ment s tud ie s  are d i rec t ed  toward impz"ov:i.rrg t he  methods for m.lc.ng uui:Coi-m 
s o l  clroplets . These drop1et;s a r e  d.isper.sed through nozzles i n t o  the 
a lcohol  contained i n  the sphere-forndng colu~mns, where they are s e t  t o  gel .  

. , . . . . . . . . . . . . . . . . , . . . , . . . . . . . . . , , , . . . . . ...._. . . . . . , . . . , . . . . . . . . . 
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I n  our engineering development work, sol. i n  jec-Lion assemblies containing 
several- two-fluid nozzles are being used t o  study t h e  problems associated 
with the  high sol throughput r a t e s  necessary f o r  large-scale  production 
p l an t s .  The s l i g h t  b e n d k g  of nozzle p a r t s  during t h e  dismantling and 
t h e  c3-eani.ng of t h e  assembly w a s  foimd. t o  cause nonuniform droplet  s izes  
and unsa t i s f ac to ry  colwiul operation. An assembly con-Laining I1 two-fluid 
nozz.l.es, which w i l l  be  e a s i e r  t o  a l i g n  and clean, i s  being bui . l t .  We a r e  
confident that  t h i s  approach w i l l  elirnina'ie t h e  mechanical problems. 
Alignment problems notwithstanding, we are  able,  by us ing  care  i n  c leaning 
and a l ign ing  our present nozzles, t o  achieve compleLely s a t i s f a c t o r y  
s;?here-formine columi-1 operation. 
of 210- t o  250-p-dimi Tho2 spheres Yor use i n  coat ing s tudies ;  we have 
also produced 2-kg l o t s  of ThO2-4$ UO;! and Y1h02-9$ UOz f o r  use i n  HTGR 
p a r t i c l e  evaluat ion s tud ie s  by Geriei-ai Atomic. 
preparations,  as i n  t h e  pas t ,  'chat va r i ab le  sphere-Corming co.lwm behavior 
may be cxperienced i n  consecutive runs under conditions -that a re ,  preswn- 
ably , unc han.ge d . 
One of the requirerr&ts f o r  rnockilp f u e l  segrren-Ls o r  elements t o  be i e s t e d  
i n  t h e  Peach B o t t o m  Reactor i s  tha t  Lhe f u e l  p a r t i c l e s  (pyrolytie-carbon- 
coated microspheres) must be bonded together  i n  channels i n  t h e  graphi ie  
matrix S O  they cannot s p i l l  €freely i n t o  t h e  reacLor i n  t h e  event of ele- 
merit f a i l u r e .  111 our s tud ie s  of bonding methods, w e  hope .to achipve a 
s t rong bond by using a graphite-base ma te r i a l ,  wi th  some excess carbon 
t o  pr0vid.e f o r  iYssion product adsorption. So far ,  we have not been very 
successful  i n  our attempts t o  add t h e  excess carbon and st i l l .  maintain 
adeqina'cely high f u e l  1.oad.ing i n  tiie chamiels. 

mcthod of mixing, with each othey and with bonding mater ia l ,  t h e  two o r  
more d i f f e r e n t  s izes  of p a r t i c l e s  t h a t  w i 1 . 1  probably be used. So Pa r ,  
our e f f o r t s  have not been successful.; however, we hope t o  circwnven'i t h e  
probl-em by con t ro l l ed  reeding of the p a r t i c l e s  d i r e c t l y  i n t o  the f u e l  
channe Is. 

Fueled-Graphite Fabricat ion Development: ..__11-- Partic1.e Coating. ..__ - During 
t h e  pzs-i month we have coacentrated on fluidized-bed coa te r  s t u d i e s .  We 
a r e  t r y i n g  t o  determine t h e  cause of t h e  va r i a t tons  i n  coati-ng thickness 
when low-density (0.6 t o  1.0 g/cm3) coat ings are appl-ied by using a 
1-eiie. Variations,  whrich a r e  8 t o  1 2  }p foi- t o t a l  coaiiiiig thicknesses of 
30 t o  50 appear t o  be l a r g e r  f o r  low-density than f o r  high-density 
coatings.  IJc be l i eve  t h a t  t h e  v a r i a t i o n s  are the  r e s u l t  of  (1) unequal 
times of contact  f o r  t h e  p a r t i c l e s  and t h e  coat ing gas and (2)  inadequak  
tempc.rature control. i n  t he  bed. Temperature c o n t r o l  problems s t e m  from 
t h e  exothermicity of tiie acetylene fiecornposition react ion,  and from 'ilze 
sho r t  duration of t h e  rum, which does not  a l l . o w  the bed t o  reach equi- 
librium. The add i t ion  o f  he3-j.m t o  -the acetylene has been found Lo re- 
ducz coating thickness va r i a t ions  t o  about 5 'LO 6 p, presumably. by sup- 
pressing 'Lhe r i s e  i-n bed .  temperature. 

We are also continuing t h e  design of a prototype remote coater,  i n  
which propane o r  propylene will be used f o r  preparing high-density coat.- 
ings  and acetylene w i l l . b e  used f o r  low-density coat ings.  The design i s  

We have r ecen t ly  produced about 50 kg 

I-t  w a s  noted i n .  t hese  

E'ucled-Graphite Fabricat ion Development: Fuel. Pax t i c l e  ..___I_. Bonding. - 
__II 

Another problem we a r e  attempting t o  solve i s  t h a t  of f i nd ing  a 

___I. 



about L k O $  completx. 
reac led  hydrocar-bon arid hydrogen gas*:;. 
gases i n  a coduustion chamber; disposal  o r  the large cmount of ilcat 
generated i s  'ihc prrj.ncipal problem. 

An area  of spec ia l  concern i s  t he  d:i.sposal of ~ 1 0 -  

Our approach i s  t o  burn t he  

Fue.l-ed-Grap7iite Fabricat ion Development: PariLicle Inspection .. - It 
w i l l  be necessary. t o  take sainples Yrom the  microsphere c o s . t r ~  and f r o m  - 
L die various bandl.i.ng and c l a s s i f i c a t i o n  systems 011 a rou-Line bas i s  I 

smnpl.es w i 1 1  be Lr.ansferrer3 t o  8 x 1  analytical .  glove box, whme various 
inspeet5ons necessa-i'y f o r  qualit,y control, such as those of  coating den- 
s i t i e s ,  s-ize, and shape, w i l l  be made. The n.umber of partj.cles i.11 a 
given weight of pro8.u.c-t will have t o  'oe counkd  f o r  inventory and process 
cont ro l .  The incoming sol-gel. parLicles, t he  I.ow-density- coated p a r t i -  
c l e s ,  the d.upl.ex-coated p a r t i c l e s  from the  furnace, and the  product after 
sha>e arid s.i.ze c 1.a.ssification w.i.11 require  -tllis particl .e-n~mber deter-  
mination f o r  a Irnown weight of  p a r t i c l e s  . An ins-trul1ent t h a t  operate:; 
on the  p r i n c i p l e  of  l i g h t - s c a t l e r i n g  photorne1;~.y appes.rs t o  be capa,ble of 
performing t h i s  task .  

detemili ing t h e  average carbon-coating t h i c h l e s s  on a small batch of 
coated Tho2 parLicler,. 
a t i o n .  
i n  t h e  range 13 'Lo 17% IJ- on 230-j~-dim Th02 microspheres. 
minat:i.ons of coat ing thickness on 12 batches of ThOz partic:I.es gave 
exce l len t  r e s u l t s  7.n some cases and very poor r e s u l t s  :i.n o thers .  Tlze 
e r r o r  appears to r e s u l t  from the v a r i a t i o n s  I n  coat ing thickness  among 
p a r t i c l e s  i n  a batch, combined with the  s t a t i s t i c a l l y  s m a l l  umber of 
p a r t i c l e s  t h a t  w e r e  measured. Bet te r  c o n t r o l  of coati .(g thickness,  COIII- 

bined with a l a r g e r  representa t ive  sample, should make t h i s  method cplite 
adequate. 

Theoe 

We are a lso  attempting t o  develop an irt-lirw process monitor f o r  

We have chosen a method baaed on x-ray attexru- 
A calibration curve has been establ.i.shed f o r  coating thicknesses 

T r i a l  deter-  

Urania Sol. Preparation by Solvent Extractiori. - The prepara-tion of 
aqueous urania  s01.s by solvent ex t rac t ion  i s  being s tudied.  
technique, aqueous so lu t ions  containing U4+, n i t r a t e ,  and formate a r e  
contacted with an organic solii-tion of a primary or secondary n m i a u ,  
which e x t r a c t s  t he  anions. As t h i s  e x t r a c t i o n  proceeds, progressive 
hydrolysts of the UAt occurs, 1.eadin.g t o  sol- fomra.tion. 

l j s t  mon-th the. formation of 350- t o  500-11-di-m ge l  rnlcrospheres 
from a 1 .5  M sol. t h a t  had been prepared by solven-t ex t rac t ion  w a s  re- 
ported.  
110°C overnight and then a t  180°C f o r  5 hr, followed by cooling i n  argon 
t o  room temperature. They Twre subsequmitly f i r e d  by heat ing in helium 
and then i n  hydrogen a t  115O0C, and by cooling t o  450°C i n  hydrogen and 
t o  room temperature i n  hel-iun.. The microspheres were sub jec'ted t o  
microscopic exa~ririation and t o  t e s t s  designed t o  determine t h e i r  r e s i s -  
tance t o  crushing. 

contained i n  the  sphere-forming colunm t o  preven-i; the spheres from 
c l u s t e r i n g  and s t i c k i n g  t o  the  columii wall. 
with two of the  combination.s, however, soiiie. of the  l a rge r  inicrospheres 
(I.argt?r than 375 p i n  diameter) were cracked af ter  firing. 
s u l t s  a r e  preliminary and should not  be i n t e r p r e t e d  as a comparison of 

I n  t h i s  

Thcse microspheres have now been dried. by heating i n  argon a t  

Three d i f f e ren t  surfactant combinations were vused i n  the  alcohol  

All were f a i r l y  e f f ec t ive ;  

These re- 
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t h e  diffei-eni su r f ac t an t s .  A t  present,  t h e  s i z e  of t h e  microspheres 
continues t o  be the s ing le ,  most importank influence on t h e  ex-tent of 
cracking; spheres over 400 p i n  diameter tend t o  crack excesslvcly,  
while those under about 300 p appear t o  be re la t j -ve ly  crack f r e e .  

Thorium-Uranium Recycle ...__ F a c i l i t y .  - The Thorium-Uranium Recycle 
F a c i l i t y  (TURF) is being b u i l t  t o  provide adeqi.i.at,e shielded space f o r  
development of eyui.pment f o r  remote processing and fabri.cation of Th- 2 3 3 U  
fuels. Yroto~type H ' E R  fuel. sepgeni;s for use i n  i ~ r r a d i a t i o n  kcs ts  wi1.1 
also be made i n  this Yacil i ty .  
concrete 1 i s  being provided so t h a t  highly i r r a d i a t e d  f u e l  assemblies 
can be accoinrnodated a f t e r  a t,hree-month decay per iod.  

Construction i s  approximately 84% complete. Recent e f f o r t s  have 
been devoted, primarily,  t o  the i n s t a l l a t i o n  of mechanical and e l e c t r i c a l  
equipfneni; and t o  the f ' ircproofing of various s t r u c t u r a l  steel support 
members. The s ta i -nless  s t e e l  ce l l .  l i n e r s  have been completed up t o  t h e  
cell. c e i l i n g s .  The majori ty  of t h e  sea1is i n  c e l ~ l  A, t h e  glove niainte- 
nance roorn, and t h e  ai-r-lock opening i n t o  the  cell have been comple'ied, 
and t h e  s t a i n l ~ e s s  s t e e l  f l o o r  i s  being instal-1-ed. All equipment fur- 
n i  shed under OHUS, par t i -c ipa t ion  i s  progre s s b g  s a t i s f a c t o r i l y ;  shield. 
door 1 has been del ivered Lo the contractor ,  and doors 2 and 3 have been 
e rec t ed  and tes"ied. 

Equipment f o r  preparing u ran ia  s o l  by p r e c i p i t a ~ i o n - p e p t i z a t i o n  i n  
ki.logram ba'iches has been i n s t a l l e d  and i.s being t e s t e d .  
s ca l e  equipment (foia preparing 50- -to 100-g batches)  f o r  use i n  s t u d i e s  
of sol. preparaLion by solvent extraci;ion has been b u i l t  and i s  e s s e n t i a l l y  
i n s t a l l e d  and ready f o r  t e s i i n g .  Larger-scale equipment ( f o r  preparing 
kilogram batches)  i s  being b u i l t  f o r  use i n  engineering s tud ie s  of sol. 
preparat ion by solvent extract ion;  i t  I s  about 40% cornpl-ete . 
drying equipment Tor use with batches or up to 20 kg o f  g e l  spheres has 
been designed, and i t s  fabrrication i s  about 30% complete. 

We a r e  contiiiutng the d e t a i l e d  conceptual design ol" t he  processing 
equri.pmen-L t h a t  w i l l  be  i n s t a l l e d  i n  the  TURF to  demonstrate t h e  technology 
f o r  f a b r i c a t i o n  of an HTGR f u e l  element. Such f u e l s  a r e  composed of 
pyrocarbon-coated my-crospheres contained i n  a graphi te  ma,trix with hoI.es 
f o r  pass8.g-e of  the coolan-t gas. This month w e  have concentrated on a. 
pi-oiotype reinote coating system and on a f u e l  channel filline and bondiiig 
mechanism. 

Suf f i c i en t  shielding (5-1/2 f t  of normal. 

Lahoratory- 

Microsphere 

Formation of Carhides from Sol-Gel Microspheres. ..- Further attempts 
were made Lo prepare UC microspheres f?Gm so l -ge l  U02 mlcrospheres by 
f irst  coilvertiiig t h e  U02 t o  UC2,  then heat ing the UC2 microspheres i n  
hydrogen to form UC by removal of carbon. %"he conversion of UO2 t o  UC2 
w a s  accomplished by heat ing wi.th lampblack a t  2000°C f o r  5 h r .  

Previous attempts -Lo form UC by hydrogen treatment of UC2 a t  850°C 
f o r  21+ h r  were unsuccessful. Hesults from heat ing t h e  UC;! microsphe.res 
i n  hydrogen a t  19OOOC f o r  1 t o  2 hr are encouraging. Metal1ographi.c ex- 
amination showed the  material  t r e a t e d  under -these conditl.ons t o  be a UC 
matrix contatning t h i n  p l a t c l e t s  of  UC2. Apparently t h e  UC2 concentration 
w a s  low, s ince  a Debye-Scherrer x-ray d i f f r a c t i o n  pa-Ltern showed t h a t  only 
UC w a s  present .  



hi- r e s u l t s  appear t o  disagree vj.th the  findtngo of Harder, Head, 
aid Sowd.en (AERE-R4877), who reported 850'C t o  be the optimum telriperature 
f o r  recluetion or" hyperstoichiornet :-ic TJC by hydrogen treatmelit ~ with very 
l i t t l e  i-ed-uction being ob.tained above 1100°C. To deiermine whether 011.1- 
results may have been inflvenced more by- the ge t t cx ing  o f  carbon by the 
tungsten c ruc ib le  (used as a conta iner )  than by hydrogen red.iuction, we 
heated UCz rriicrospher.es i n  a tungsten c ruc ib le  i n  an argon al;iiio:;p1-1f-.r'e 
( other-& s e, the  c ondi. t i ons were i d.enlic a1  ) f o r  comparison . 
some UC was formed under these c o n d i t i o m ,  conv-ersiorl wa:; n.ot a s  colnpl.ete 
or as iinlform. a s  t h a t  obtained, by hydrogen treatrneui;. 
of tungsten i n  t he  reduction, we keated. UC;! microspheres covered with 
tungsten powder i n  a tungsten c ruc ib le  i n  a hy&ogen atmosphere. The 
conversion t o  TJC 1inii.e.r these conditions was much infe:c*ior t o  t h a t  ob- 
ta ined  by simply heat ing i n  a .bungsten c ruc ib le  i n  hydrogen, and. u.n- 
i d e n t i f i e d  pliaszs not previous.ly noted appeared i n  the ml.crostlricti,xe. 
These results suggest tha-L tungsten may contr i imte t o  the r-eductLon but. 
-that the hydrogen treatment a-t high ttl.:mnpe-rat!ire is a l so  irnportan-t * 

Thoriimm dicarbide mi.crospSieres can be prepared from ThO2-C so2.s. 
This method. leads t o  a I.ow-density (go$ o r  t heo re t i ca l )  product; and i n  
t h e  r e l a t i v e l y  few experiments that have been performed so far,  srna1.l 
moumts of umconverted ThOz have been present  i n .  the  prod.1ic-L e 
s-kudies a r e  designed t o  d.c?ter.mine what cont ro l  can be achieved over den- 
s-i-ty and resiit.ml oxide (or  free-carbon) content .  
coPiirerte13. to ThC2, ThO2-C microspheres are precursors i n  some iruithods 
f o r  n i t r i d e  and s u l f i d e  syntheses,  

During the pas t  month, a new f i r i n g  techniqi i~ w a s  investiga-Led f o r  
converting Th02-C gels  to ThC2. 
higher- densi ty  ThC2 spheres (90% of t h e o r e t i c a l  dens i ty)  vese ol;J-t;ained - 
The p r i n c i p a l  difference l:,etweeii the  present  appproach and those used 
e a r l i e r  i s  that t he  conversion reac t ion  vas c a r r i e d  out undei- argon at  
1. atlii. ins tead  of i n  vacuum. 
rixi. Temperatures from 1850 t o  2050°C were stud. i rd .  

14easu.rements show that t he  viscositiv of ThO2-C sols increases  very rapidly 
upon carbon addi t ion  after-  the  Tho;! surface sites are occupied. by carbon, 
and, that a q u i t e  well-defined " s to i< :h io~~e t ry"  exists between the 'Tho;! 
surface a rea  and- the carlion crystal?-i t ,e concentmtion.  

Although 

To study t he  r o l e  

PL-esent 

I n  addi t ion t o  being 

Resiil-ts are very e n c o u i q i n g ,  i n  t h a t  

Vac-uun w a s  appl.ied only near ths end of the 

The basi.c propert,ies of Th.02-C sols were inves t iga ted  further. 

233U Storage and Dis t r ibu t ion .  - ORTfL serves as a national. s-borage 

an6 d i s t r i b u t i o n  point f o r  233U. The :storage, d i sso lu t ion ,  and purifi- 
c a t i o n  equ-ipnerit in B u i l d b g  3019, coupkd. with the oxide and rne'tal p r o -  
duction f a c i l i t y  a t  the  Y-12 PLaiit, provides 'the necessary f k x i b i l i t y  
t o  reprocess 233U as aged solut ion,  :cne-k,al., o r  oxide xi-ap, arid t o  furn ish  
2 3 3 ~  i n  any form, 

ceived., and 13 shipments (67.1 kg of a-33U)  were made. All. the  iniatcrial 
w a s  recent ly  p w i f i e d  and. contained less than 6 p p m  of 232-U. 
t r a n s f e r s  involved 'CJuclear Fuels Services, Erwin,  Tennessee, who ri.s the 
subcontractor for f i n e l  f a b r i c a t i o n  f o r  the  Light Water Breeder Program, 
which i s  imder t he  d. i rect ion of B e t t i s  ALomic Power 1a'oora;tory. 

hiring the  past  monYn, seven shipnents (74.6 kg of 233U) were re- 

Most of the 
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Approximately 33 kg of 233U w a s  t r ans fe r r ed  t o  the Neutron Physics 
Division f o r  c r i t i c a l i t y  experiments. 
A r  gonne flat i onal  Lab or  a t  o r  y , Goo @ear A t  omic Corporat i on , Virgijlia 
Polytechnic I n s t i t u t e ,  and t o  the country of I s r a e l .  

5 ppm of 232U was purif ' ied.  
Y - 1 2  Plant  i n  500-g batches f o r  conversion to dioxide f o r  B a t t e l l e  
Memorial Tnsti-Lute, Pac i f i c  Northwest Laboratory, for use i n  -the High 
Temperature Lat t ice  Test Reactor. 

Smaller shipments were made t o  

I n  the l a rge  solvent  ex-traction f a c i l i t y ,  1.0 kg of 233U containing 
T h i s  prodirct w i l l  be t r ans fe r r ed  -io t h e  

MOEJETJ- SALT REACTOR PROGRAM 

Molten-Salt Reactor Experiment. - T'ne program of graphite-sample - . . . ~ - .  
replacement, maln-i;enance, and minor modifications continued. The work 
i s  O L ~  schedule except for del ivery of the main blowers, which may delay 
power operat ion u n t i l  the middle of' October. 

S a l t  plugs which had formed i n  the helium Y.neo when the  fuel purnp 
w a s  flooded were thawed by a t tach ing  ex te rna l  heaters, bu t  s a l t  thal; 
melted i.n t h e  sampler l i n e  re f roze  lower i n  t h e  pump bowl. 
reheat  Lhis I.ine ex terna l ly  Wheil 'ihe f u e l  loop i s  hot and f lu sh  sall ;  i s  
c i r cu la t ing .  

A new assern'oly of graphiLe and Hastelloy N speci.mens w a s  f ab r i ca t ed  
and i n s t a l l e d  i n  t h e  coi-e. 

The No. 3 con t ro l  rod w a s  removed, and both the  rod and rod dri.ve 
were rep.l.aced. Slighl; modification of l;he lower end of t he  rod e l i f n i -  
nated t h e  binding, which was apparently due t o  a projectioil  i n  t h e  rod 
thimble. 
cool ing-air  I.ine t h a t  caused a drag on the rod. 

considerable f i s s i o n  product contamination. A f t e r  decontamination, 
r ad ia t ion  was s t i l l  3.00 t o  700 m/hr. 
repaired,  and the  cooler  w a s  re ins ta l l -ed .  

l i n e  showed s igns of plugging. This became worse during shutd.own, and 
we replaced it. 
plugged dinring shutdown. 
plugging. The f i l t e r  i n  the  coo1.ant-pmp off-gas l i n e  became plugged 
and was replaced. 

and anasyzed. 
of 0.35% 6k/k. 
t i v i t y  balance.  

be- t ter  seals. Additional supports were i n s t a l l e d  on t h e  r ad ia to r  enclo- 
sure,  and other  r e p a i r s  T w r e  made. Temperature d i s t r i b u t i o n  and v i s u a l  
inspect ion w i t h  t he  r ad ia to r  heated ind ica ted  tha t  t he  mod.if i ca t ions  had 
Lmpvoved the s e a l s .  

Del-ivery of the replacement u n i t s  f o r  the main bI.owers w a s  delayed 
when one u n i t  w a s  destroyed. due t o  a f a i l u r e  of  the rnanufact,urerts t e s t  

W e  p lan t o  

The slow drop times were apparently caused by a bow in t he  

The west reactor-cel.1 space cooler  w a s  removed and found t o  have 

The leaking brazed j o i n t s  were 

Toward the end of operation, t he  f i l t e r  t r ap  i n  t h e  f u e l  off-gas 

The i n l e t  t o  t h e  auxi.lia.ry charcoal  bed a l s o  became 
Application of ex te rna l  heat r e l i eved  t h i s  

7310 samples of off-gas, i s o l a t e d  oa June 23 a t  7.2 bzW, were removed 
Xenon i so iopic  r a t i o s  ind ica t e  an 135Xe poisoning e f f e c t  
This i s  good agreement with conclusions from the reac- 

'The r ad ia to r  doors were modified t o  decrease the  warping and provide 

"- .{$ . .:?. . . . . . .. .-.. " 2 - . "  
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equipment. 
c a s t i n g  defec ts  i n  the new uni.ta. 

wate-r and -the t r e a t e d  water, 17 of t he  360 tubes were plugged. 
l u t e d  ou-t t he  sodium contaxiination in the  t r e a t e d - m t c r  system and added 
new treatment chemicals. Tlie tre:ited-water system was revj.sed t o  a.l.1.0~ 
deaeratioii of' all. of the water from .the thermal sh ie ld .  

The component coolant pmp fiow:; were i.nc:reased Trorn 600 -to 750 scfm 
to get b e t t e r  mixing of the gas i n  the reactor and draiii tank c e l l s .  T1he 
e l e c t r i c a l  penetra1;ion t o  the motors w a s  replaced, modiPications were 
made Lo provide more cooling t o  the  drive beL-Ls , and, a strainer. waz in- 
s ta l led  i n  the  discharge piping. %quipmiit was i n s t a l l e d  t o  permit drain- 
i ng  any water which acc~unulaies clu.rtng operat ion.  

brated,  a.nd repaired.  Modlificaticns were m a d e  t o  the cofltrol- cireiJi-Ls t o  
enable t ransf 'err iag s a l t  through the f i l l  l i n e s  and  t o  allow emergency 
bypassing of a l l  con-Lrol c i r c u i t s ,  i f  need-ed, to start; the  coolant Ijzlirip. 

A method of measuring the  control. rod dr-ive temperature was i n s t a l l e d .  

checked out, i n  pmpara t ion  f u r  s ta r lxp .  

Also, some delay has been encountered because of: welding a.nd 

c i  Lo s top  the leaks i n  the  heat exchanger between the cooling-tower 
We d i -  

Twenty-six of the  ma3.n e l e c t r i c a l  breakers were removed., r e e a l i -  

Tlne salt-cireula-Ling systems a rc  being heated and. ecp.ipaent i:; being 

Metallurgy. - A s  part of the 1nateria1.s surve i l lance  program, reac tor  
core specimens of yraphi.te and Bastellojr N were removed from +,he MSRE 
aFter  7800 Mwhr- of opera,tion. 
(one-third. of the  assembl-y) a t  t h i s  time and return t h e  ot43:zr.s t o  the 
reac tor .  HoiyTeve??, approx2matel;i one-seventh of the  assembly i n  a zone 
j u s t  above -the r e a c t o r  midplane WEE; severely damaged. Graphite spec5.- 
mens were buckled and broken, and tihe tensile specimen rods of l i as te l loy  
N were bent .  
sa l t  during t h e  reactor cooldown, and t he  large difTerence i n  the  coef- 
f i c i e n t s  o f  thermal expansion o f  t,lie metal  and graphi te  c rea ted  hi& 
stresses. The damage i n  t h i s  zone occurred to a l l  three Has-telloy N and 
graph5te s t r i n g e r s  , requi r ing  t h a t  a l l  th ree  be replaced.. Howver., the 
graphi te  arid TIastell.oy I\? from other port ions of the axray were suitab2.e 
f o r  t he  intended i ~ i ~ c 4 i a n i c a l - p r o p ~ r t i ~ s  evaluati-on tests. The Reactor 
Chemi.stry Division was supplied with graphi te  samples f o r  f i s s i o n  product 
analyses from the  top ,  middle, and botl;orn of the assembly. 

Tlie v i s u a l  appearance of the  metal  and graphi te  was good. 
t e r n a l  surfaces of both were v i r t u a l l y  f r e e  o f  sa l t .  Tlie metal was a 
d u l l  gray, and t h e  graphi te  appeared unchanged. by the  cxposiure. The 
graphi te  and Hastelloy IT specimens are being eic~mined. 

A k l i g h t l y  modified replacement f o r  t h e  rlanaged r e a c t o r  core speei- 
mens has been del ivered t o  t h e  M*t;RE: f o r  i n s t a l l a t i o n .  The morlificatioizs 
were mac1.e t o  reduce mechanical s t r e s s e s  induced i n  the  asserobly by re- 
ac to r  heat ing and cool.ing cycles .  

The I las te l loy N t e n s i l e  specimen rods i n  the  new s e t  are made from 
r e a c t o r  vessel  wall and head mater ia l s  plus two modified alloys of 
Hastell-oy N, one containing 0.52 wt $ T i  and the other  0.43 w t  k 2.  
These addi t ions  are for  the purpose of improving the  yadiat ion stabili"cjr 
of the a l loy .  

The objec t ive  was t o  remove one s t r i n g e r  

Apparen.tly, the assemnbl-y had been locked together  by froze11 

The ex- 



- 1.0 - 

Chemical Development. - Further  exposures of metal specimens t o  t h e  
..-__s_ 

gas and f u e l  phascs i n  the  MSKF: pump bowl confj.rmec3. previously reported 
r e s u l t s  on the  v o l a i i l i z a t i o n  and p l a t ing  behavior of 'khe noble-metal 
f i s s i o n  products.  The s rna l l  sam.pl.es of s i l v e r ,  Zlastelloy N, and s t a in -  
less s t e e l  were found to be coated with seve ra l  t i m e s  the  quan t i t i e s  of 
99M0, 103H1x, and 132Te t h a t  were found i n  a gram of f u e l  sa l - t .  
spondingly, t he  amounts of these  isotopes remaining i n  t h e  f u e l  sa l t  
were only 60, 30, and 30$, respect ively,  of t he  t o t a l  amounts ca lcu la ted  
'io be produced by f i s s i o n .  'I'he balance presumably e i t h e r  v o l a t i l i z e d  or  
deposited on the  1-Iar;tell.oy BT and i n  the  graphi te  surfaces  of 'the )&?RE. 

Further information on f i s s i o n  product behavtor i n  -the M3RE was ob- 
t a ined  from examinations o f  t he  long-tern1 surve i l lance  specimens of 
graphi.Le and Hast,zlloy N whi.ch were removed from a c e n t r a l  pos i t ion  i n  
the &ERE core a f - te r  7800 Mwhr of operation. Visual, x-radiographic, and. 
metallographic examinations of t he  graphi te  specimens showed no radi-ation 
d.ama,ge t o  the  graphi te ,  no f i l m s  of m e t a l  o r  carbide on t h e  graphi te  sur- 
face,  and no pene-tration of f u e l  sa1.t i i l to t h e  graphi ie  pores.  Auto- 
radiographs showed tha t  the  r ad ioac t iv i ty  w a s  confined p:rincipally -to a 
very t h i n  surface layer ,  with d i f fuse  i r r e g u l a r  penetrat ions of small 
amounLs of a c t i v i t y  t o  i n t e r i o r  regions.  
i t e  surface y ie lded  only graphi te  d i f f r a c t i o n  pa i te rns .  

Successive layers  averaging abou't 10 mils in thickness were mi.I.led 
from the  surfaces  of th ree  grap'ni.te surve i l lance  specimens and analyzed 
radiochemically f o r  a number of f i s s i o n  products.  The nob3.e-metal i so-  
topes 99M~, lo3Ru, 132Tc, and 95Nb comprised most of the a c t i v i t y  i n  the  
first, mil led l aye r .  The concentrations of these  isotopes dropped by a 
f a c t o r  of about loo i n  the  second layer ,  and continued t o  decrease more 
slowly in successive layers .  
precursors,  such a s  I4'Ba, 89Sr, and 14'Ce, exhibi ted much f l a t t e r  con- 
cent ra t ion  p ro f i l e s ,  p a r t i c u l a r l y  f o r  t he  i.sotopes with longer- l ived 
gaseous precursors .  isotopes with s t a b l e  nonvolat i le  f h o r i d e s ,  s u c h  as 
95Zr, were present ak  very l o v  concentrations i n  the  graphi.te. 

'?he deposit ion of noble-metal f i s s i o n  produe-ts which have moderate 
neutron cross  sec t ions  on t h e  graphi te  core i s  of some concern from the  
standpoint of neutron economy. The present  resixl'is indica-te t h a t  1.2 -to 
18$ of the  t o t a l  9 9 M ~  produced, 12 'io 14% of t he  132Te, 6 t o  2.2% of the  
'03Hu, and 12 t o  60$ of t h e  95Nb were deposited on the  2 x lo6 em2 of 
graphi te  surface i n  t'ne MSl3E. A-nalyses of  I iastelloy samples adjacent t o  
t h e  analyzed graphi-be sgecimens i n  the survei l lance asse:mbly ind ica ted  
t h a t  more of t he  noble-metal fission products deposited on metal than on 
graphi te .  
pared wi-th graphi-te were 5 t o  6 f o r  "Mo, 10 t o  15 f o r  13%, and 3 'LO 

5 f o r  IO3 RU. 

7.2-Mw operation. The sample was r ecen t ly  concentrated by a fac'kor of 
75 using a molecular-sieve adsorptLon technique and w a s  analyzed by m a s s  
spectrometer. The r e s u l t s  on t'ne i so top ic  r a t i o  of 136Xe t o  13'Xe in-  
dicated tha t  only 7 ~ 9 %  o f  t h e  "'Xe produced i n  t h e  MSRE w a s  burned t o  
136Xe before i t  reached the  off-gas system. 
ment with ind ica t ions  froin r e a c t i v i t y  ana lys i s .  

Corre- 

X-ray examination of the  graph- 

The f i s s i o n  products with xenon or  krypton 

Tne observed r a t i o s  i n  t e r m s  o f  dj.s min-' on me-tal com- 

A sample of MSRE cover gas w a s  i s o l a t e d  on June 23, 1966, during 

This 1.0~ burnup i s  i n  agree- 
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RacEatio:n E f f e c t s .  - Enriched u ran iu in  was added as 'LLF-TJF4 trs t h e  
mol.ten-salt loop on July 27, 1966> af ter  1.100 hr of operation i n  the 
w i t h  unfueled. solvent salt .  Rasrd on the  salt  inventory of 1'79.9 g ,  the 
coricemtratl.ozi o f  uranium (93$ enr:i.ched) i n  the  f u e l  ~ a l t  was 1-36 mo7.e $ 
(12.55 g of 235U). 
the average fission power densi ty  was 81 u/c:m3 with the  loop i r i  the flnlly 
inserted posi t iol i  of max~.mm n.eu.tron f lux. 
power densi ty  o f  the fuel in the core of K,SkE-gracIe graplri-te was 108 

For the total f u e l  inv(E:iitorj- of 71.6 em3 at, 600°C, 

The cor~espor~.ciing average 

w/cd .  
Successful opera.ti.on o€ the  rfia jor heating, cooling, l;erripperatii.re corr- 

trol . ,  arid smpling systems war:; dein.o^n_atrated. Operation with molten-salt  
f ue l  coritairiing e i z r i ched  uranliim continued u n t i l  August 8 ,  1966, vjiien t h e  
experfment was terrtiiriated dine t o  de tec t ion  of radLoact, ivi  ty  in the orf-gas 
f r o m  the loop secondary contairiment, indica1;ing a leak i n  the primary loop 
assembly. A t  t h a t  time the  'LiF-~eFr-ZrF~+-UP~ (65.16-28.57-4.90-1.36 
mole $) f'u.eL had mclergone l . 2  x IO1' Pissioiz.s/cm3 (0.27% 235U bur .nup) .  

for dimssernbly and ex.un*.natTon-, td~.icl.r i s  now in progress. 
Uie experj.ment vas rr-moved f r o n  the OBI?. and. tranni"errec:i 'io 'not cells 

A second i n - p i l e  molten-salt  convection loop i s  h x h g  constri~.cl;ed. 

PER Processing. - We are c'i.eve.l.oping equipment Cor the continuous re- 
moval. of UF4 frlsm the f u e l  s-trerwn of an MSBR by con-tacting the  salt  w i k h  
$"2. i n  a snlt-phi~sr-cot~t-ini,ous sys.t;eni. Study o f  the countercxrrent con- 
tact of' uiolten sa l t  with F2 has continued i n  a l-in.-dimi. n i cke l  fl.uo- 
r i n a t o r  72 i n .  ioug. I k ~ e e  a d d i t i o n a l  experirnents were carried.  ou t  at 
~ 0 0 " ~  using an N~F-TAF-ZI.F~ mixture containing 0.37 to 1.1.6 wt $ uranri1.m 
as Ujr4. axid having a melting point  of -4'75°C. ~ a l t  reed ro.tes of 9.8 to 
30 crn3/min and Fz r a t e s  of 235 t o  335 crn3/rflin (STP) have k e n  used w i t , h  
m.olten sal t  depths of -48 i n .  
the f l u o r i n a t o r  varied from 99.36 t o  93.89% &i3 determined from salt  
s arqlle s . 

Uranium renioval- during o.ne pass througl.1 

.&ring the be:;-t run to date (CF-12), a molkn-sa.1.t  feed  ra te  of 
10.2 cm3/min and. an F2 feed r a t e  of 235 cm3/r~~in (STP) ~~ei -2  maintained. for. 
a 2.5-hr period. 
the  f luo r ina to r ,  as de-ternr-ned from i n l e t  and e x i t  73'4 concentrations i n  
%lie sal t .  -ter i n  the run, a nmIten-sall; feed r a t e  of 22.5 cm3/min ami 
an Fz feed rate of 270 cm3/inin (STP) were main.1;ained f o r  a, 2.25-hr period. 
With ' these conditions the uraniixn removal at ;'steady- st ixte was 99.62%. 
The ura,niwn concentration In the feed  sa l t  was 1.16 wt $, and t h e  exit 
uranium concentration vas deterrriined from salt smp1-e;~ taken a t  15-min 
i n t e r v a l s .  The equipment operra.tec1 smooi;hly during the run, sa l t  and gas 
feed rates were constant,  and the system was operated at steady s t a t e  f o r  
2 hr at  each of the above condi-Lions. 

Continuo1.i.s f luorinat ion.  o f  the f u e l  strear1 of an MSBR wi th  eciLiipnieii-L 
of t h i s  type appears f e a s i b l e  atid. will be s-tudted f u r t h e r .  

At; steady sta-te, 49.89% o f  "ciie uranium was removed by 

Analysis of Rad.j.oactiv-e I S R E  Riels - Four samples of the &ERE finel, 
tak-en a t  full.-power l eve l ,  have 'been analyzed f o r  oxid.e. The first t w ~  
samples, w h i c l i  were arialyzed as they were received at t he  Bigh-Level 
Radiat,iorl Laboratory, contained 67 and. 66 ppm oxide.  The t h i r d  sanip1.e 
vas removed from the t r a n s p o r t  container  and placed i n  the storage cell 
f o r  24 h r  p r i o r  -to ana lys i s .  Ho s i g n i f i c a n t  e f f e c t  h i e  t o  f h o r i r i e  
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evolut ion during standby w a s  noticed, s ince  the  subsequent ana lys i s  of 
t he  sample showed the  presence of 59 ppm oxide. 
w a s  analyzed i n  the  normal manner, contained 56 pprn oxide. 

t r o l y s i s  c e l l s  was developed to provide a n  accurate  aiid dependable re-  
placement component f o r  t h e  oxide apparatus i n  t h e  hot  cell . .  Previous 
s tud izs  had ind ica ted  that  the  s-tandard regenerat ion technique r e su l t ed  
in a negative bias of about 576 i n  the oxide analyses,  which w a s  due to 
gas fl.ow in temupt ions  i n  t h e  cap i l l a ry  c e l l .  The new technique provides 
a desiccant coat ing s u f f i c i e n t  t o  absorb the water i n  the  gas stream a t  
low flow r a t e s  and gives a mi.nirnal amount of flow i n t e r rup t ions  during 
e l e c t r o l y s i s .  The ce1l.s vhich have been successful ly  regenera-Led have 
y ie lded  oxide recoveries  of’ 99.4 Lt 1.3$ from the  hydrogenation of s-tan- 
d.ard Sn02 samples. 
used f o r  t he  deveI.opment of -tile i n - l i ne  oxide instrumentation. 

The las t  sample, which 

A special. technique f o r  t he  regenera-Lion of t he  Beckman water s l ec -  

Ccl3.s r egmera ted  by “Lie new method w i 1 . 1  a l s o  be 

Zirconium Me.tal.lurgy. - ‘i’iie anisotropy i n  the  mechanical proper t ies  
oc zirconiwn a l loys  i s  important f o r  maximizing in-service performance 
a s  well as selec‘cion of optirmm fab r i ca t ton  processes.  However, t h ree  
y i e l d  s t rengths  i n  tension,  th ree  y i e l d  s t rengths  i n  compression, and 
twelve s t r a i n  anisotropy constants  a r e  required t o  charac te r ize  t h e  
three-dimensional anisotropy o f  mechanical proper t ies  i n  any mater ia l .  
To reduce the  required mechanical t e s t ing ,  we developed an emprirical 
co r re l a t ion  that relates the aniso t ropies  of y i e l d  strengths and s t r a i n  
constants  i n  tension and compression i n  Zircaloy-2. With t h i s  empirical  
cor re la t ion ,  f i v e  y i e l d  s t rengths  and t e n  &ra in  anisotropy constants  
can be ca lcu la ted  t o  within 5$ sccuracy from the  experimental determj.- 
nat ion,  on one specimen, of one y i e l d  s t r eng th  and two s t r a i n  anisotropy 
constants .  !Yhus, only one t e n s i l e  o r  compression t e s t  need be made f o r  
any Zirealoy-2 mater ia l ,  whatever the prefer red  o r i en ta t ion  ex i s t ing  i n  
i-t, t o  charac te r ize  i-ts three-dimensional anisotropy of s Lress and s i r a i n  
proper t ies  fo r  purposes o f  design, qualiLy control. i n  t he  m i l l ,  o r  pur- 
chase specifications. 

i r r a d i a t i o n  er&rittlement of s t r u c t u r a l  m e t a l k ,  an apparatus has been 
designed and b u i l t  t o  i n j e c t  helium i n t o  0.020-in.-thlck ty-pe 304 s t a i n -  
l e s s  s t e e l  samples a t  the O R I C .  A unifol-m d i s t r i b u t i o n  of heI.iim in t h e  
samples i s  obtained by drri.ving the  samples a t  a constant speed pas’c the 
cycl-otron beam por t ,  where the bcam of alpha p a r t i c l e s ,  moderated by a 
graphi te  wedge of appropi*iate dimensions, deposi ts  a planar  t r a c e  of 
helium i n  the  samples. 
speed.s t o  dr ive the  samples, we obtained se-ts of samples containing 
0.83 x lo-‘, J . .4  x and 8.3 x atom f r a c t i o n  of helium. The 
dose ra te  w a s  approximately atom f r a c t i o n  of helium introduced per  
hour. 

The decreases i n  d u c t i l i t y  sustained. by these sarnyles i n  eleva-Led- 
temperature t e n s i l e  t e s t s  were similar t o  the  decreases i n  duc t i l i . ty  of 

Mechanical Propert ies  Research. --- For our continuing study of t h e  

By using an 80-Mev beam and. motors of differenl;  
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type 304, s t a i n l e s s  s t e e l  i r r s d i a t - d  i n  the (31a t o  -the szme helium co~l -  
centra,ti.on, where t h e  helium is produced~ by (n,a) reacti-om. By elec- 
tron iiiicroscopy, we are st,udying the proper t ies  of helium bubbles i n  the  
cyc 2.otroil- i r r ad ia - t e  d. ~-natei.*ial. 

F u r t h e r  cyclotron i r r a d i a t i o n  ex.periments a r e  under way 'io deter-  
m i n e  whether the proper t ies  of s t a i n l e s s  s t e e l  c o r t a h i n g  cyclotron- 
injected. heI.iim are s imi l a r  i n  a l l  respects i o  those  of neuiron-irra,diated 
stainless s t e e l s  a t  elevated temperatures. I f  t h i s  proves t o  be the  case, 
i r r a d i a t i o n  i.n the O X I C  f a c i l i t y  may provi.de a r a p i d  screening t e s t  -for 
rear: t o r  inaterials and. a usef i . i l  tool f o r  studying the inore funcIment,al 
aspects  of heI.ium-indlnce(i b r i t t l e  f a i l u r e s .  More refined experimental 
tecluiiques may allow the i n j e c t i o n  of 10 ppm o r  more of helium i n t o  ma- 
terLaI..s i n  -Limes relativel-y short  compared with the rcac-Lor i r r a d i a t i o n  
times required. i o  prodme the  same ariount of helium. 

Fuel Element Fabrication .I - 1rradia'- b i 0 . n  spec:imeris of both s o l i d  arid 
powder U02 prodiced. by d i r e c t  hydrolyslis reduct ion of TJF6 are beYrig pre- 
pared. Since the  apparatus for degosi t i o n  ha6 been built tc_, deinonstr.ate 
chemical f e a s i b i l i t y  and not  necessar i ly  t o  prod.i~.ce mater ia l ,  we 1ia.d -Lo 
inc.rea,se t h e  e f f ic iency  of material .  recovery. In the case of powd.er.s, 
previously 40% of t h e  feed rriaterial had. been  recovered f o r  fur-tlzerr ex- 
perimen-Ls . 5Kl;hou.t signifi.cant, ch.anges to t he  apparatus, we in.cr*ci?ar>ed 
UF6 feed r a t e  by 50% and U O ~  powder recovery t o  a'o0v-e r / ~ $ .  Sirice suf- 
f i c i e n t  mater ia l  f o r  preparat ion of pressed and sintei-ed. pel.lets may be 
produced a t  thi.s eff ic iency,  we have proceeded. with -the processing of the 
en-ricbed. mater ia l .  

I r radj-at ion specimens OT sol3.d ~iraniwi dioxide are a J s o  being pre- 
pared as c o a t h g s  of highly enriched m a t e r i a l  011 t h o r i a  pe l le t s .  
f e r t i l e  pell.et, i s  coated wlith a thin l.ayer of f i s s i le  mater ia l  tha-t. may 
be readily mrnoved, reprocessing shou1.d. be s impl i f ied .  Ur?ifom. coatings 
of depleted UO2 up t o  0.020 i n .  t h i c k  have been deposited.  On metallo- 
graphic examlinztion, good bonding was found between the  U-02 sad. the  
tho r i a ;  however, cracks we:re found. o r i g i n a t i n g  i n  t h e  -thoria and pene- 
t r a t i n g  the  UO2. 
found. i n  t,he t h o r i a  p e l l e t s ,  which could have contri.lmted t o  the  cracking a 

We have ordered another batch of t h o r i a  pe l le t s  f o r  evalixation prior t o  
coa t ing  wlit,'t). highly enriched lJ02. 

t h e  prime candida.Le for construct ion mate:rial for the  fuel rods an.d pres- 
Siare -bi..'ues of the H2avy-Water OrgaxLc-Cooled Reactor. 
able  SAP mater ia l s  exhih i t  e r r a t i c  belzavior, i n  t he  f o r m s  of poor process 
y ie ld ,  s t i ~ ~ c t u r a l .  inhomogeneity, gas Pissuring and blis.l;ering, aniso- 
t rop ic  proper t ies ,  prei11at.ure f rac ture ,  an.d. low creep d u c t i l i t y .  Since 
most of t he  e r r a t i c  behavior is eit;her :process o r  composition r e l a t ed ,  a 
thorough study i s  being condixted. t o  determine the  niater ia l  and pr0ces.s- 
i ng  parameters t iecessary t o  produce a des i red  end product t h a t  3.s con- 
s i s t e n t .  

m a t  e 15 a1 c'n arac t; e r i z at i on , d i  s pe r s 5 oa pr cparat i on , po.crd.e r c: om o 3. i dat i on , 
and primary f s h r i c a l i o n  a r e  the operations being stud.ied. 
ha-ve charac te r ized  our pcwd.er. feed Ifiaterial and have se lec ted  ball. milling 

If a. 

On fur%I~er examination, a:wa:; of  var iab le  densi ty  were 

SAF Materials DeveLopineat . - Sintered a1uinfmi-m prodincts mater ia l  i s  

I+ev-iously avail- 

Several po~~der - r l i~ t a2 . lu r~y  routes are being inves t iga ted .  I n  general., 

CurreriLly we 
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a s  t h e  only dispers ion prepzration method t h a t  ?'s now f e a s i b l e  i n  in-  
dustry.  Powder can be consoli-dated by e i t h e r  cold or  hot pressing; we 
arp  now evaluat ing both.  
by e i t h e r  method a re  s t rongcr  than the  ava i lab le  commercial material  
having t h e  same oxide conient .  
t o  commercial ma te r i a l  has ye t  t o  be properly evaluated. 

These mater ia l s  produced on a laboratory sca l e  

The consistency of our product r e l a t i v e  

l3lWER REXCTOR EURL FEOCESSING 

Aqueous Process Development : General. .... Cevelopmeat i s  continuing 
on mechanical I nonaqueous, and aqueous s teps  for head-end processes de- 
signed t o  convert power r eac to r  f u e l s  i n t o  aqueous solutions su i t ab le  f o r  
f u e l  decontamination and recovery by solvent  ex t rac t ion .  h r h g  t h e  pas t  
period the  major e f f o r t s  were on (I) f u r t h e r  development of the  grind- 
leach process f o r  graphite-base HTCR fue l ;  (2)  ho t - ce l l  s tud ie s  on the 
buril-lescb and grind-leach processes, a l s o  f o r  graphite-base II'L'GR fue l ;  
and ( 3 )  sol-vent ex t r ac t ion  s'iudtes with grind-lcach f u e l  so lu t ions .  

a-tion of t he  buyn-leach process.-?or Sraphite-base f u e l s  w a s  continued. 
I n  t h i s  process, IWGR f u e l  [ pyrolytic-carbon-coated (Th,U)CZ par ' i ic les  
dispersed i n  a graphi te  matr ix]  i s  crushed t o  -4- m e s h  and then burned i n  
a fl-uidi-zed bed of GO-. t o  120-mesh alxmina using a i r  and/or oxygen a t  
750°C. After  burning, the Th02, U308, and nonvo7.atile f i s s i o n  product 
oxides a r e  leached from the  alumina bed with fluorid-e-catalyzed n i t r i c  
acid t o  produce a feed so lu t ton  f r o m  which urani.iim and thorium can be re- 
covered by conven-tional solvent extrac-tion. 

coarsely crushed (-4 mesh) Peach. Bottom G A I L  111-B fue l ,  which had been 
i i-radiated t o  an average burnup of 40,000 Mwd/.e-- m tr i .c ton  and cooled I"or 
LLTO years,  were successful ly  burned i n  60 t o  120 min a t  750"C, using a 
nitrogen-air-ox,vgen rnixtiui-e t o  con t ro l  the  burning r a t e .  
burning w a s  more d i f f i c u l t  t o  maintain a t  750°C with t h i s  p a r t i c u l a r  f u e l  
than wi th  uniriadriated prototype HTGH fuel or  GAIL 111-A- f i e 1  i r r a d i a t e d  
t o  8000 Mwd/metric ton .  Other experiments are planned t o  determtne 
whether t he  high1.y i r r a d i a t e d  GAIL 111-B f u e l  has a. lower i g n i t i o n  tern- 
perature  and can be buriled e f f i c i e n t l y  a t  temperatures below 750°C. 

of f i s s i o n  product oxi-des during burning and t h e i r  s a t i s f a c t o r y  removal. 
from the  burner off-gas, which i s  passed, f irst ,  through a 20-p, carbon- 
precoa-ted microrneta1l.j.c f i l t e r  i n s ide  Lhe top  of t he  burner,  and then 
through main and secondary absolute f i l t e r  packs. 
micrometa1li.c f i l t e r  performed as a nearly absolute  f i l t e r ,  y ie ld ing  
exce l len t  separat ion f ac to r s  Tor t h e  principal. i sotopzs released.  Typical 
separat ion f a c t o r s  achieved a re  : 
lo5; '06Hu, 1.6 x lo6; 125Sb, 1.5 x lo'*; 137Cs, 9 .5  x LO5; and 144Ce, 
1.1 X lo6 .  It w a s  noted, however, t h a t  if the  carbon coat ing i s  d is -  
lodged and burned, as was done in t en t iona l ly  5.n one run, the  separat ion 
f a c t o r s  arc decreased by about a f a c t o r  of 20. F i n a l  removal of sub- 
micron-size f i s s i o n  pl-oduct pa r t i cu la t e s  from t h e  burner off-gas 

-- 

Aqueous Process Development : Rurn-&ach Process. - :fox-cell eva1.u- ~. 

In t he  nos'c recent  hot-cell.  experiments, 90- t o  180-g batches of 

J .  

Control of 

O f  major concwn a re  the  degree of v o l a t i l i z a t i o n  and entrainment 

The carbon-precoated 

gross f i s s i o n  products (gamma), 7.5 X 
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downstreaii. from the  carbon-precoated filter wa.:; achieved by (1) yeducing 
tile s u p e r f i c i a l  gas vc.Iocity froifi. 20 fpm to 5 cpm, and- ( 2 )  passing ttle 
off-gas th-i-ou.gh an absolute  f i l t e - -  packed with 12 layers of type 25-E’G 
Fil.tei-down, a f i b e r - g l a s s  filter mediimi; on.ly bael.;gro?nnd a c t i v i t y  was 
detected on a secondary abso1.u.te fri.I.ier used t o  rnonT.{toi* the twice-fi3.tered 
off- gas. 

Aqueous Process Developmeat: Grind-Leach Proteas . - Fine gr inding 
followed by a c i d  leaching 5.s a lso  being eval.uated as a method for process- 
in.g graphite-base H’L’GR fu .e ln  t h a t  contain coated fuel. p a r t i c l e s  ~ 

n e e r k g -  and laboratory-scale  t e a t s  and h o t - c e l l  experiments are being 
made with various carbon-co:xted ThC,?-UCz and Th02 fuel. p a r t i c l e s  i n .  a, 
graphi te  matrix. The best method found :Cor grinding HTGR fuels i s  rough 
crushin;: t o  -6 mesh i n  a hmmrier. mill followed by ro l l -c rush ing  t o  reduce 
the  p a r t i c l e  s i z e  t o  -1.40 mesh. 
near ly  a l l  t h e  partic1.e coa t ings ,  
k i l o  gram- s c ale l e  ac hine; an 13 washing ex.pe rime n-i; s with ixni rra d i  a t  c d. Peach 
Bottom reac tor  fisel  t h a t  had 7xm crushed. in a doub1.e-ro.1.1 crusher s e t  a t  
a 2-mil spa.cia.g confinned t h e  99.85% thorium and. uranj-urm recoveries  0-u- 
ta-incd earli.er i n  runs Wi.th SO-g batches.  
from. .the l a r g e r  batches required concentrated €IN03 instead of w a - t e r  f o r  
wishing the  graphi te  residue. ‘ ~ ~ o P * o - I I ~ ~  washing of thorium and ii.ranilm 
from the 2-ft-deep beds of graphi te  res.j.(l-u-e required 5 t o  6 hy a.nd ab0u.t 
8 liters of wash per ki1.ogi.m of residue. Die a c i d  percolat ion rate was 
about, 15 g a l  hr”’ f t -2  a t  a pressure gratlient of 1.G pi per fool; of betl 
depth. A t  t he  concl1mio:n of th-ese runs, the 2- by &in. doi-i,le-soll 
crusher was disassembled for inspect ion and minor modifications.  Total 
ci.lj-mlative thrcxighput o f  t ’ i i t - 1  mac:hine, at roll spacings of 0.002 t o  0.004 
:in -, was a’ooii.t 35 kg o f  H’NX f u e l  (mos-tly Peach. Bottom) . 
aaoiinted t o  less than 0.0005 i n . ;  t he  surface f i n i s h  appeared t o  be un- 
c11.anged (about 12 t o  15 pin.). 

compact N o .  7, which had been i r r a d i a t e d  t o  a burnup of 36,400 Mwd/metric 
t o n  and coo1.erl f o r  two years ,  were coiq~let,ed. These experiments were 
designed t o  determine how com.plete1.y UC2, ‘ThC2, and f i s s i o n  produc-L car- 
b ides  can be leached and washed from this f u e l .  The f u e l  cornpaet w a s  
f i rs t  crushed t o  -4 mesh arid then pulverized. i n  a rnodi.fied Waring Blendor. 
One batch of the crushc?d fuel w n s  reduced i n  s i z e  t o  -100 m2sh and another 
to -1UI mesh; each batch was then sieved t o  make sure  t h a t  all. tine coated 
p a r t i c l e s  were brokeii t o  expose t he  (Th,U)CZ f u e l  kernels. 
samples of each f r a c t i o n  were then leached t w o  t o  t’n.-r-ee times (up -Lo 9 hr, 
t o t a l )  with re f lux ing  U M 21I\O3 o r  13 5 lIN03-1).05 M IP and washed f i v e  
times with fresh leachant-( 01- water) a t  25°C; t he  &-aphLt,e res idue :m.s 
dr ied  with acetone. 

In sp i t e  of exkensive Ikaclling and vashing, all.  gr.aphi.te res idues 
retained. excessive moiunts of fuel (average OP 1.1.4$ uranium and 2.02% 
thorium) i n  a form t h a t  appeared i n e r t  t o  the leachant,  as cornpal-ed. with 
losses of O.O& foi- unirradiated  nue el. Analysis of tlie washes ind ica t e s  
that the high losses are the  r e s u l t  of’ i n c m p l e t e  leaching r a the r  than 
i n e f f i c i e n t  washing, 
emi t te rs  also were re ta ined  by t h e  graphi te  residue, presimably became 

E@-- 

C;r?:.:nding Lo t h i s  s i z e  ensures .~xptu.re of 
I n  coritinuing engineering tests, 

Iiowever, high Yuel recoveries 

R o l l  weal. 

I n  h o t - c e l l  s tud ies ,  e ight  exjierirnent,s with Peach Bottom C;RZL 111-B 

Four 10-g 

About lo$ of the  total .  f i s s i o n  product, gamma 
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of sorpt ion on the  la rge  ava i lab le  surface a rea  and because of l imi ted  
dissolhAtion by t h e  leachant.  The major contaminants are 106Xu and  the 
r a r e  ea r ths .  ResuI.ts obtained with o’cher coa ted-par t ic le  f u e l s  suggest 
t h a t  t he  nonleachable loss of heavy me-tals may be the resul- t  of f u e l  
migration from the  (Th,U)C2 p a r k i c k  i n t o  t h e  pyro ly t ic  carbon coat ing 
and t h e  graphi te  matrix,  possibly by f i s s i o n  r e c o i l .  Carbides of ura- 
n j m ,  thorium, and f i s s i o n  products, i f  bound up i n  the  crystal .  s i ruc tu re  
OS pyroly-Lie carbon an.d. graphi te ,  would be exceedingly d i f f i c u l t  t o  
]..each . 
UHTREX f u e l  t h a t  had been rol l -crushed -to -100 mesh. The UHIL’REX f u e l  
con-tained ab0u.t 10% uranium, i n  Lhe fo rm of 147- ’LO 208-p-driam- t r i p l e x -  
coated UC;! p a r t i c l e s .  The th ree  p a r t i c l e  coat ings were as follows: 
a 27-p-thick inner  bu f fe r  layer  of  porous carbon; 
mediate I.ayer of i so t rop ic  pyrocarbon; and. (3) a 40-p-thick outer  layer 
of granular pyroear’non. Samples of‘ t h e  rol l -crushed f u e l  were leached 
f o r  5 hi- w i i h  s u f f i c i e n t  b o i l i n g  HICJO3 t o  pi-oduce so lu t ions  0.2 M i n  ura- 
nium (assuming t h a t  a l l .  t he  uranium disso lved) .  The residues w&e washed 
w i t h  t h r e e  volumes of water.  Uranium losses  t o  t he  residue decreased 
from about 29 t o  0.9$ as the  ac id  concentration w a s  increased from 2 ’LO 
W M. These prelimimary r e s u l t s  suggest t h a t  near ly  quant i ta t ive  re-  
covery of uranium from uni-rr‘adiated fuel can be achieved i n  two leaches 
with concentrated HNO3. 

Pre limi-nary laboratory leaching s tud ie s  were a l s o  made on two batches 
of unirrad-iated carbon-coated so l -ge l  T h O z  microspheres, crushed t o  -100 
mesh t o  ensure rupture  of a l l  p a r t i c l e  coat ings.  One (batch OR-520) w a s  
composed of 275-p-diam ‘Tho2 kernels  coated with a s ing le  45-p-thick l aye r  
of dense pyrocarbon; t he  carbon conteni; of these  p a r t i c l e s  was about 23%. 
The other  (batch OK-521) contained 275-p-diam Tho2 kernels  with a duplex 
coa-Ling cons is t ing  ol” a &O-p-thick inner  l aye r  of porous carbon and a 
40-p- th ick  outer  l aye r  of pyrocarbon; t he  carbon content of these par t i -c les  
was about 32%. 
f o r  5 hr  with sul”fri.cient bo i l i ng  13 M Ilfis03-0.05 M Kti’ t o  produce a so- 
l u t i o n  about 0 .5  M i.n thorium (assm-Yng t h a t  all- the Tho2 dissolved) .  
both cases  , 1.eacghg of the ‘Tho2 w a s  p r a c t i c a l l y  qgant i ta t ive ;  the thorium 
losses  t o  the  carbon residues were less than o.ol$. 
ing  Prom the  leaching of batch OR-520 (sing1.e carbon coaking) was f a i n t  
amber i n  color  and contained only a t r a c e  of soluble  organic compounds 
(0.1% of t he  o r i g i n a l  carbon).  The so lu t ion  obtained by leaching batch 
OR-521 (dupl-ex coat ing)  w a s  red-brown i n  color ,  but  ana lys i s  showed that 
only 0.3$ of the  or?-ginal  carbon w a s  present;. Iiowever, the  carbon con- 
cent ra t ion  i n  t h e  solution (about 0.2 m g / m l )  w a s  four times t h a t  i n  t he  
so lu t ion  obtained by leaching ba tch  OR-520. On the  bas i s  of these vzry 
prel-iminary experiments, one can expect t o  f i n d  po ten t i a l ly  troublesome 
quan t i t i e s  of soluble  organic compounds i n  t h e  a c i d  leachate  from f u e l s  
containing oxide partic3.es thal; have a porous carbon layer  i n  the  coat-  
ing.  

ex t r ac t ion  s tud ie s  were made on raw solu t ions  obtained f r o m  -tile grind- 
leach processing of graphi te  fue1.s t ha t  contai.ned (Th,U)C2 p a r t i c l e s .  

Taboratory-scale leaching aper i rnents  were 1nad.e on uni r rad ia ted  

(1) 
(2) a 35-p-thick i n t e r -  

Samples of each ba tch  of crushed p a r t i c l e s  were leached 

I n  

The soli l t ion result- 

Aqueous Process Bvelopmeilt : Solvent Extract ion Studies .  - - Solvent 

... ..:.:. . .  
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Yhis work w a s  done t o  determine whether i t  i.s possible t o  d-eve3.op a 
process t h a t  does not require  the  des t ruc t ion  of soluble  organic species  
with s.Lrong oxidants and the  separat ion of inso luble  fission prodi.ilc-ts 
p r i o r  t o  ex t r ac t ion .  Previous at-i;enlpts t o  recover the  thorium arid ura- 
nium from an 1m't;reated.  Fuel so lu t lon  i n  a coiiventiolzal Thorex process, 
which normally uses ac id-def ic ien t  feed, resu3.ted i n  the  formation. of 
heavy emulsions. 

In the new process the aqueous feed vas made 2 -Lo 5 M i n  TM03 and 
w a s  fed  d i r e c t l y  t o  a column using 30$ t r i bu ty l .  phosphat?-iii dodecane. 
The corresponding t h o r i i . n n - ~ ~ l ~ ~ s - u r a n i - ~  concentration i n  the  f eed  was 
approximately 0.05 t o  0.1 M. 
f r e e  of soluble organic maTerials I* 'The ac id  i n  t h e  dilixted- guiiitl-leach 
so lu t ion  d.ecreaw:3 the  s o l u b i l i t y  of t he  t h o r i m  a i  trate-TEP complex i n  
a l i p h a t i c  dilinents . With noi-mal paraf f ins ,  t he  solubri. l i t y  decreases with 
chain length. 'Yhe sol-uibility j.s s l i g h t l y  increased i n  highly branched 
solvents .  

No emulsion fomfled, and. t he  product was 

E'1uidi.zed-Bed Vol.a-tility P i l o t  Plant (FBVPP). - The FBVPP w i l l  be 
i r i s t a l l e d .  i n  c e l l s  2 and 3 of Building 3019 t o  study the processing of 
spent UOz power reackor fixel c l a d  i n  e i t h e r  Zircaloy o r  s - ta in less  steel. 
Equipmen% f a b r i c a t i o n  and c e l l  preparat ion progressed- during the period, 
bu t  design WELS hindered by flowsheet, i .mcertalnties . 
ca t ion  o f  equipment have been done on.* for t he  head. end of the  process, 
that, i s ,  the primary fl.iiidized-bed. reac tor ,  t he  py-rohydrolyzer, the 
prirnwy trappling systems, t he  gas supply system.s , and mechanical equip- 
ment for handiing waste solids: from the  two i n a i r i  reactor:3. I n  the 
o r i g i n a l  ANL reference fl.owsheet, Pl.uorr.:inr WEX t o  be used for vol.ati1- 
i z i n g  both UT6 and FuF6 from t h e  gl'imarry reactor. Iiecently, a formal 
proposal was made by ANL, ayld concured  rin by Ol?.NJ, am1 ORCDP, .to change 
t o  the use of  tt bromine f luo r ide  f-or forming the  v o l a t i l e  UF6 without 
-Lhe e v o h t i o n  of %?le plutonium. The h~ t -ke r .  would be voLat i l ized  fromf~ 
t h e  bed, as IW'6, aftei- tr'ci:a.trnent w i L h  f luor ine  i n  a second s tep .  Such 
8 procedure resuKLts i n  the  separa-ti-on of uranium from plutoniuni very- 
ear ly i n  the  pi-ocess, eliniina.t ing prro'olems of plutonium deposit ion i n  
milch of the  res-t; of the  sys.Lem. Agreement to change to the BrF5-fluorine 
flowsheet was reached during a niee4;in.g n t  AEC Headquarters , Germantown, 
Maryl.anc1, on Septer~iber 22, 1966 

ti l7.atioii  t o  separate UF6 from RrFS and  v o l a t i l e  f i s s i o n  yroducl; f l u -  
orid.es; and. (2)  use of NaF at 400°C for  removing most of the 10613u, 
95m, 95Zr, and 125SbJ plim a s t i r r e d  fluidized-bed o f  3la.E' powder f o l -  
lowed by a f ixed  bed of NaF p e l l e t s .  
will be required with e i t h e r  a l ternat j -ve.  A decis ion t o  use d i s t i l . l a t i on  
w a s  a l s o  made at; t he  meeting rcnti.oned above. 

More l.aboratory work i s  required before  the  RiF6 pirif icatj .oxi method. 
can be made def i i i i t e .  Present plans cal.1- f o r  deciding upon a method in 
February 1967. 

Additional equipment items completed are the pi.imary reac tor ,  t he  
reac tor  off-gas cooler,  two NaF t raps ,  and the NaE' t r a p  o u t l e t  f i l t , e r .  
Other completioii percentages are:  pyrohydro.lyzer and co2d traps, 95; 
pri-mary f i l t e r ,  80 II 

!l2ius far, devizl-oprflent of the process flowsheet and design and f&jr i -  

The two main a l t e r n a t i v e s  f o r  urani1.m p u r i f i c a t i o n  are:  (I) dis-  

Cold t r a p s  and NaF and. M g F 2  sorbents 
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Preparat,i-on of cell 3 w a s  cornpl.eted. Three f l o o r  sumps were d r l l l e d ,  
and the  &rap system f o r  t h e  f l o o r  d ra ins  was revised.  Valves were in-  
s t a l l e d  on t h e  chemical was-be draLns t o  prevent, t h e  backup of contaminated 
wastes i n t o  t h e  c e l l .  I n s t a l l a t i o n  of s h i e l d  support curbing w a s  com- 
p 1-et e d . 

Construction vas begun by t h e  cost-plus-fixed-fee contrac-Lor. Shield 
support curbs were covered with m e t a l  p l a k o ,  which were welded t o  t h e  
curbs, and g j i d e s  were i i l s t a l - k d  f o r  t h e  f i r s t - l e v e l  ( lower-level)  
shielding.  
l eve l .  Second-level f l o o r  supports a r e  being ins ta l l -ed .  

Preparat ion of c e l l  2 was s t a r t e d .  Valves f o r  Lhe cherni.cal waste 
dra ins  are being ri.nstalled. New s t a i n l e s s  s t e e l  floor drains  from t h e  
peiithouse an.d sample g a l l e r y  were i n s t a l l e d .  Eqiiiptnent and piping re -  
moval i s  90$ complete. 

The scrubher tank (FFJ-US) w a s  set i n  posi.tion on ihe f i r s t  

Fluoride V o l a t i l i i y  Processing: 'I'reatmpnt, of Zircal oy-Clad Fuel. - 
A meihod i s  needpd f o r  ohtaining r ep resen ta t ive  samples of s o l i d s  e x i s t -  
i n g  i n  -the fluidized-bed r eac to r  a t  d i f f e r e n t  stages of processing. 
These so1id.s should be sampled twli.ce: af ter  t h e  decladding and oxidizing 
s t e p  t o  determine t h e  uraniwn:plutonium:fission product rati.0, and af ter  
t h e  f l h o r i n a t i o n  step t o  de t ec t  t h e  presence of uranium and pl.utoni.um 
residue I.arge enough t o  c o n s t i t u t e  unacceptable lo s ses  (2 .g. , g r e a t e r  
than 14 of t h e  pl.utoni.im o r i g i n a l l y  charged).  

A r e c i r c u l a t l n g  fluidized-bed sampler w a s  t e s t e d  that, u t i l i z e s  a 
gas j e t  t o  continuously pull a s m a l l  s i d e  stream from t h e  fl-uidixed bed 
ne3.r t h e  bottom of 'the r eac to r  and t o  l i f t  i.t t o  -Lhe 'LOP of t h e  r eac to r ,  
where i.t i s  returned t o  t h e  system. I n  tes-Ls w i t h  t h i s  equipment, where 
the sample e x i t  pipe sloped downward a t  45" f o r  a dis tance of 6 ft t o  
t h e  ,a i r  jet (0.093-in.-diam t h r o a t ) ,  the recircula-Lion r a t e  of s o l i d s  in- 
creased wi.th increasing ve loc i ty  i n  t h e  snvnple loop, becoming essential1.y 
constant (abou'i 1.200 g/min) a t  gas v e l o c i t i e s  above 10 rps. 
sample e x i t  l i n e  was sloped upward a t  /+5", t h e  r e c i r c u l a t i o n  r a t e  of 
solids reached a maxir;.lum (about 1.000 g/min) a t  a loop ve loc i ty  of 3.5 fps .  
Samples weye obtained by i s o l a t i n g  a sec t ion  of t h e  sample loop and co l -  
l e c t i n g  -the ti-apped s o l i d s .  Screen analyses of samples taken a t  super- 
f ' i c i a l  bed f l u i d i z i n g  v e l o c i t i e s  of 0.5, 0.75, 1..00, and 1...25 f p s  showed 
raYner good agreement w i t h  t h e  al-umina charged. 
nornin.ally 48 mesh (90% 4 8  +120 mesh, about 10% -120 mesh, and less than 
1./2$ -325 mesh), w a s  used i n  t h e  tes t .  

When t h e  

Alcoa T-60 al.wnina, 

I Fluoride V o l a t i l i t y  Processing: Use of  BrF3 'io Remove U3O8 from I_ 

Zines and F i l t e r s .  I.-..- - PhotogGaphic st,udies have shown "cat most of t h e  
u308 p a r t i c l e s  formed by oxidizing U 0 2  i n  t h e  f l u i d i z e d  bed a r e  much 
l e s s  than 10 p i n  diameter. This leads  t o  the conclusion t h a t  some lJ30g 
w i . 1 1  pass through t h e  proposed 10-11 f i l t e r s  and w i l l  deposit  i n  t he  
process gas lines. In addi t ion,  some u308 always deposi ts  i n  the  disen- 
gaging sec t ion  and on the  gas f i l t e r s .  I n  t h e  0.9--in.-ID fluidized-bed 
r eac to r  with 10-p f i l t e r s ,  approximately 0.9% of t h e  uranium charge (le- 
posi ted i n  l i n e s  downstream from the filters; about 3% deposi.ted i n  the  
f i l t e r s .  This i s  about t e n  t i m e s  t h e  amount of U 3 0 g  required to reduce 
t h e  k f F 6  expected t o  be present .  
excess U3Og involves contact  with bromine fl-uorides. 

A promisri.ng method f o r  removing t h e  

. .. 
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Small-scale t e s t s  have shown t h a t  BrF3 w i l l  r ap id ly  v o l a t i l i z e  
U3Og a t  temperatures of 100°C or grea ter ,  while BrF5 reqgiren about 
300°C: f o r  rap id  reac t ion .  
t o  k a v e  no uranium residue when the  f i l t e r s  and disenga.ging sectj.on 
were heated t o  160°C. Since heat ing t h e  l i n e s  and f i l t e r s  t o  300OC i s  
not desirable ,  we recommend tha t ,  i'oll.owing the  BrF5 treatment t o  vo1.- 
a t i l - i z e  the  bulk of t h e  uranium, a BrE'3 treatment 'ue used as a cleanup 

I n  t h e  m a l l  f l u i d i z e d  bed, RrF3 W ~ S  found 

s t ep .  

Fluoride V o l a t i l i t y  Processing: Disposal of Bromirie Fluorifies and. 
Fluorine. - An aqueous system t h a t  appears t o  be e x c e l k n t  f o r  disposing 
of both bromine fluorid.es and f luo r ine  has been developed. The method 
cons i s t s  i n  contact ing the  gases with a 1 Lo 10 N KOI-1 solwtion eon-tain- 
ing  20 t o  30 g of K I  per l i t e r ,  which r e a c t s  mucz more rap id ly  with 
f luor ine ,  and i s  a l s o  more e f f ec t ive  f o r  BrE',, than a s o h t i o i i  of pure 
KO1-I. 
t h a t  with KOII. ) The dark-brown color  t h a t  l is  c h a r a c t e r i s t i c  of iodine 
appears i n  the  sol.utlon when the  KOII i s  deplr-.ted, giving a simple end 
point  I Tlis end-point deterrnination was used previously i.n BrP5 flow 
ca l ib ra t ions .  Such a system i s  appl icable  t o  -the d isposa l  of both 
bromine f luo r ides  and f luo r ine  i n  the  present  spray disposal. eqinipmerit 
i n  t h e  p i l o t  p l an t .  

(A'paren.tl.y, t h e  i n i t i a l  reac t ion  with KI: i s  much more rap id  than 

Fluoride V o l a t i l i t y  -Processing: 1wi16 Process Tests .  - Studies began 
a-t the pliitoniilifi f a c i l i t y  i n  Building 3019 i n  support of the  proposed 
f h i d i  ze d- bed process f o r  s t a i n l e s s  - s t e e l -  c l a d  and Zircaloy- 2- c ].ad power 
reac tor  f u e l s .  I n i t i a l  t e s t s  were made, primarily,  t o  determine rna- 
t e r i a l .  balances and deposi t ion p r o T i h s  f o r  plutonriiua in the disengage- 
men-l; sec t ion  of t h e  0.9-in.  -ID fluidized-bed r eac to r .  Subsequent t e s t s  
have been concerned with t h e  eval.uuati.on of 'kiF6 sol-ption by TAF. I n  the  
f irst  two t e s t s ,  using 4.0-g beds of alumina (Nor-Lon El€?, 90 r~iesh), 14.0-g 
charges of PuO2-UO2 ( 5 . A  w t  $I X O z )  were f luor ina ted  f o r  4-hr periods a t  
55OoC, with a f lu . idizing gas ve loc i ty  of 0.55 f p s .  
on t h e  blowback f i l t e r s  and on the  w a l l s  of the  disengagement sect;ion 
were about 2 and l$ respec t ive ly .  
tes t  and 84.5'$ i n  t he  other .  

w t  $ FuO2-UO2 with type 304 s t a i n l e s s  s t e e l  was oxidized and f luor ina ted  
( f luo r ina t ion  cor1dition.s as described above). 
s i s t e d  of two 25-g beds of LiF (-12 +20 mesh) i n  s e r i e s  a t  3OOoC, f o l -  
lowed by a lo-g bed of NaF. O f  t he  331 mg of plutonium v o l a t i l i z e d  as 
B.136, l3 mg w a s  r e t a i n e d  by one I;iF bed and 9 mg by the  other ,  t o  give 
n t o t a l  sorp1;ion of '7%. I n  subsequent sorpt ion t e s t s  t he  f l u o r i n a t i o n  
time was reduced t o  3 hr, the use of s t a i n l e s s  s t e e l  and the oxidation 
cycle w a s  omitted., and operation of t he  LiF bed was changed. The follow- 
ing t a b u l a t i o n  suirmarizes t h e  r e s u l t s  from these  t e s t , s ,  along with those 
from a s p e c i a l  run t h a t  used a subf lu id iza t ion  gas veI.ocity of 0.1 fps  
t o  give an average F~:RIFG mole r a t i o  of 127O:l. (The sorpt ion values 
a r e  based on only the  plutonium found i n  t h e  L;iF and NaF t r aps ,  t h a t  i s ,  
the material t h a t  w a s  a c t u a l l y  i n  the  form of X F G  on leaving the 
fluidized-bed r eac to r .  ) These data ind ica ted  t h a t  some may have 
been thermally decomposed t o  PuF4,  e s p e c i a l l y  i n  t h e  subf lu id iza t ion  run. 

Plutoniwi deposits 

Material balances were 100.2% i n  one 

111 t h e  f i rs t  t e s t  t o  study t h E :  sorpt ion of h F 6  by LTF, 7 g of 5.4 

The t rapping syst,em con- 
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I n  a dirplicat,e of t h e  s u b f h i d i z a t i o n  mil, a neutron counter ncai- t h z  
T3-F bed showed that, e s c e n t i a l l y  a l l  -bile K E ' 6  was sorbed by the U P  bed 
i n  'che f i r s t  0.5 hp of iiie 3-hi- t o t a l .  The F2:h.F6 mole r a t i o  i.i? t h i s  
i -n i t ia l .  period wasj the re fo re ,  aciua.l.7.y about 2OO:l i-nstead. of 12'70: 1. 
'The actual. value was well. bclow t h e  r a t i o  of 396:l t h a t  is required t o  
przvzrit theiwal  dec ompos i ' c i  on a t  300 " C . 

I n  tile other  tests, with higher F2:RrFb r a t i o s ,  sorpt ion r e c u l t s  
indi-cated uiifavorable k i n e t i c s .  'The poor overa1.l. material. balance i n  
the  sub f lu id i za t ion  run and the high material balances i n  the o L k r  
t e s t s  were a l s o  consis-Lent wi~bh only a s m a l l  thermal deconposition ef-  
f e c t  til liie l a t t e r .  

We ten ia t ivc l j r  conclude t h a t  recycle of f l u o r i n e  gas f r o m  ihe sorp- 
t i - o n  unit; back t o  the fh id i i ed . -bed  r eac to r  i s  the  only way of using t h e  
L i b i  sorpt ion process Tdi-tii a reasoilably s m a l l  sorpt ion bed. 

R e T P t o r  Analysis. - On Septerrtber 9 ,  1966, t h e  € F I R  achieved f u l l  - ._ ..-_ 
design power of 100 Mw for t he  f i r s t  time and i s  continuing t o  operate 
a t  t h a t  power wtth no d i f f i c u l t i e c .  

2 3 5 U  t o  provide t h e  maximurn expecied heat  generaiion rat? f o r  a 300-g  
plutonium targat,. There i s  no ind ica t ion  illat t h e  target overheated. 

ou t  d i f f i c u l t y  a t  20 t o  50 I&, one a t  75 NwJ and on- a t  90 Mw, t he  burn- 
up a t  esrh power level being about 2300 Mwd. The anticipa'Led s h o r t e r  
l i f e  f o r  the  10o-M~ core i s  t h e  res t i l t  o f  a more poisoiious i a rge t .  

The c e n i r a l  t a rge t  used i n  t h i s  i n i t i a l  loo-M@ run contained enough 

Previous t o  operat ion a t  100 Mw, one f u e l  loading w a s  consumed wi t l t -  
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After  seven years  of design and devel-opment i t  Tina l ly  appears 
khat  the higi?est-perfor~arzee research r e a c t o r  i n  the world i s  a SUC- 

cess. Some 0-C the  mom impressive c h a r a c t e r i s t i c s  are as f o l l o w :  

Power, I& 100 

Average power density,  r n . ~ / l . t k r  2.0 

Core vol~m-e, l i t e r s  50 

Peak thermaJ f l u x ,  neutrom sec”’ 5 x 1 . 0 ~ ~  

Metallurgy. - Work at  Metals ami Controls, Incorporated., the fuel 
element fa?nricator, i s  picking u.p and i s  again approaching the  sclied1j.led 
rate of two elements per month. Because of vacations and the  i;t.xnporary 
t r a n s f e r  of men t o  other  jobs, the production schedule had sl ipped con- 
s iderably  durling the last  few months. Technically, the job is proceeding 
srrioothly, al.thomgh iii.iij.or waivers s t i l l  are being gra9ted on each. elerfient. 
‘The fuel plate re ject ior l  r a t e  seems t,o be si;abil.izing a t  j u s t  below 10% 
rejection, although occasional ly  higher values a.re s - b i l l  being encountered. 
To d - a t e ,  1.2 comple.i;e fuel. assemblies ha.ve been received From Ne1;als and 
Controls 

The HFIR fuel. element s p e c i f i c a t i o n s  have been rev ised  and 71:rought 
up t o  date  i n  preparat ion :€or placing a new order.  A considerable e f f o r t  
has been spent i n  discussion with the AEC on wh.ai; type of contra~:t  shoult3. 
be used for -the next ord-er and how it i s  t o  be handled. 
has recoimnended that, Metals and Controls receive an extension of the i r  
cont rac t  b u t  with an increase i n  fee. 

The lali!sra-tory 

Xeac-Lor Operations - The reactor. was brough-L -to i t s  i~m,xirnwrl r le~ign 
power level. of 100 Mi4 on SepLemtjer 9, 1966, and has operated moo-thly 
s ince  then. The t o t s l .  energy accumulated t o  date i s  about 9000 Mwd. 
k r i n g  t h e  approach t o  the 100-M.~ power l eve l ,  s e v e r a l  flow-coastdown 
- t e s t s  were macle and t h e  m a c t o r  was hrrought back to power successfu.lPy 
eac:h time w-ithout a scran.  

of power outages. I-Iowever, the r e a c t o r  was brought back to power each 
time within minutes wi t ,hcu t ;  d. ifficul. ty . 
adequate for  100-bIw ogeral;ion, and no s i g n i f i c a n t  design def ic ienc ies  
have been detected. 

During t,he 90-N~ run the reac tor  w a s  scrammed two times as a resul.t 

The shielding,  cooling systems, and other  a u x i l i a r i e s  appear quite 
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PHYSICAL KESmRCH 

Heactor Operations. - 
and the  LITR were operated 
of t h e  ORR and LTTH s a f e t y  

Dixing t h e  months of JULY and A u g u s t ,  t n e  ORR 
85 and 91% of the time respec t ive ly .  Revisions 
r epor t s  a r e  being prepared t o  updaie t h e  de- 

scr ipt lor is  and o ther  i n f o r m t i o n .  

I n  August the pool w a s  dxained and t h e  r eac to r  disnxmtl.ed i n  preparat ion 
for modificatioii of t h e  r eac to r  for %he capab i l i t y  of continuous 2-Mw 
operat ion.  

had iseen unloaded and shipped t o  Savannah River f o r  processing. 

and t h e  other  components which m u s t  func t ion  'to preserve c e l l  v e n t i l a t i o n  
and off-gas d isposa l  i n  t h e  event of e l e c t r i c  power f a i l u r e ,  t he  pressure- 
sensing devices which start t h e  turb ines  were dupl icated,  as was each 
component thal; i s  ac tua ted  by t h e  sensing devices, including the  stea,m 
con t ro l  va lves .  Back-&aft; preventers  were i n s t a l l e d  rin s e r i e s  with 
each pneumatically operated damper i n  t h e  c e l l  venti.l.at:i.on ducts t o  en- 
sure  pos i t i ve  c los ixe  if far some reason a damper should f a i l  i n  -tine 
open pos i t i on .  Pnewnatically operated valves  in t he  smaller off-gas 
li.nes were repl.aced with check valves ,  which a r e  considered more r e l i -  
a b l e .  

The operating procedures have been rev ised  t o  r e f l e c t  the  changes 
made ,  and t e s t f n g  of the e n t i r e  system i s  now c a r r i e d  out on a rout ine  
basis. 

Hot-Cell  Operations. - The surve i l lance  t e s t  from tile MSRE was dis- 
assembled. Several  g raphi te  specimens were sampled by removing t h e  sur- 
face i n  approximately 5-mil. s teps ,  and the samples were submitted f o r  
chemical a n a l y s i s .  
t ioned  i n t o  t h e  ind iv idua l  specimens. 

f a i l u r e s  were loca ted .  Sampl-es were se l ec t ed  f o r  metallographic and 
a n a l y t i c a l  exaninat i on  

One in-pi1-e UO;! meltdown experiment w a s  examined; NSPP mel-tdown 
No. 15 w a s  disassembled, photographed, and sampled f o r  ana lys i s .  E x a m i -  
nat ion o f  TRU t a r g e t  rod No. 4 w a s  completed. A thorlium-util ization 
capsule,  three U02 capsules,  and seve ra l  coa ted-par t ic le  capsules were 
examined i n  d e t a i l .  Several  isotope source capsules (empty or contaiii- 
ing alpha sources)  and seve ra l  PuO2 p e l l e t  o r  sphere samples were examined 
metallographical-ly . '130 SMI.-A absorber boxes were received from an Army 
r eac to r  i n  Alaska; these  were stored and w i l l  be examined a t  a l a t e r  date. 
Specimens were recovered from 20 experiments in t h e  O m .  F u l l  operat ion 
of -the eight, c reep- tes t  machines i n  t h e  ce1l.s continued. 

'The BSR w a s  operated f o r  approximately 225 hr during t h i s  per iod.  

By t h e  end of A u g u s t ,  70% of t h e  f u e l  i n  t h e  Ofii\TJ, Gra,phite lieactor 

Waste Disposal.  - To increase tilie reI_iak,il.ity o f  t he  steam tu rb ines  

The sl;r ingers of riuoR-8 t e n s i l e  specimens were sec-  

The moltern-salt loop from IIN-1 i n  t h e  ORR w a s  sectioned, and t h e  

Charge Spectrometry. - The probabjl-i ty of e j e c t i n g  two o r  more e lec-  
__I- 

t rons  by t h e  In t e rac t ion  of an x ray with  the  ou%emost s h e l l  of He, Ne, 
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and flr Lias been inves t iga t ed .  Energy spec t r a  for eleetrcsns e j ec t ed  i n  
photoionizat ion were measined wt th  an electron spectroiaeter . In  addi- 
t i o n  to c h a r a c t e r i s t i c  photol ines ,  continuum spectra were found, which 
ai-e r e l a t e d  t o  double e l e c t r o n  e j ec t ion .  ‘lllie p r o b a b i l i t i e s  f o r  douhbI.e 
e l ec t ron  e j e c t i o n  as determined from these  spectra are i n  agreerrient with 
those obtained. by charge spectrometry. ‘J!he shapes of the continuum spee.tra, 
are q u a l i t a t i v e l y  similar t o  those expected for e lec t ron  shakeoff. huw- 
ever,  the probabi l i . t i es  for e l e c t r o n  shakeoff as calcula%ed from s ingle  - 
e l e c t r o n  wave func-Lions are much srrialler than those found experin?entally, 
It is suggested t h a t  a many-body so lu t ion  i o  ueeessary, whicli explicit1.y 
includes e l ec t ron  c o r r e l a t i o n .  For example, such a calcul.ation by Xalpeter 
and !Laid-i f o r  t h e  case where one electron.  goes to the con’cri.nuui.n while the 
other goes t o  t h e  2s s-Late i n  -the photoion.izatlon o f  heliwn i s  sba7n t o  
be 3x1 good agreement wi th  experfiflent. 

Theore t ica l  Physics.  - It i s  well known %bat t h e  ass.unption of stror?g 
v a r i a t i o n s  a t  s m a l l  d i s tauces  (hard core ) i n  the  i n t e r a c t i o n  be-bween two 
nucleons in f r e e  space 1ead.s t o  a d e n s i t y -  dependence of‘ the e f f ec t ive  in -  
terac-tion i n  nuclear  mat ter  * We have inves t iga t ed  a particula.rly simpI.e 
dens i t  y - dependen% e f f e c t i v e  two -nix l e  on force  appr opria-i; e f o r  us e wi th  
t h e  Hartree -Fock approximation O u r  motli-vation comes from Be-Line * s re - 
cent  work. i n  which a density-aepenCJent i n t e r a c t i o n  occurs as one of -the 
int iemediate  s’ceps toward a Thomas-Fermi theory of f i n i t e  riucI.ei Skymne 
pointed out long ago that such densi-ty dependerice is  required f o r  R con- 
s i s t e n t  f i t  of nuclear p a t t e r  arid of l i g h t  nuc le i .  We have made Hartree- 
Fock ca l cu la t ions  of t h e  nuc le i  1 2 C  , I6O, 26S5.:, and “ C a  and ha,ve olntsiiied 
binding energies ,  root-me,u-squa,re radii, dens i t i e s ,  and. s ing le -pa r t i c l e  
l e v e l s .  W e  have also calcul.ated t h e  overlaps of t h e  s i i ig le -par t ic le  :mve 
functj.ow;s wi th  pure harmonic osc i l . l a tor  funckioris whose b is  chosen t o  
gi.ve Yne same root-mean-square nuclear  rad ius .  OUT conclnsion is that; 
harmonic o s c i l l a t o r  funct ions a r e  exce l l en t  f o r  the occupied- states of 
l ight ;  rluclei . 

Kigh-Voltage Experimental. Program: 39K(3He,p I4’Ca Reaction and 2p- 

1.h S t a t e s .  
s tud ied  a t  
s t a t e s  i n  

- The 3gK(3Re,p)41Ca and. 391K(3Be,d)40Ca, r eac t ions  have been 
an inc ident  3He energy of 1 L k  Mev with ‘clne ex a c t a t i o n  t h a t  

4’Ca and /+%a which a r e  formed on the (dgj&ELe,,und s take  

Tnis i s  i n  
of 33K vi11 be preferential-1.y populated” 
4aCa are s t rongly  exc i ted ,  i nd ica t ing  t h e i r  l g - l h  na ture .  
agreemerit wi th  t h e  observations of Ersk.ine tha% i n  4’Cca, t h e  well-known 
s i n g l e - p a r t i c l e  states ari3 exc i t ed  very weakly, t h e  y5.eJ-d being l e n s  
Ynan 10% of t h e  s t rong  2p-lh state:, i d e n t i f i e d  near 5 MeV. 

The negat ive-par i ty  s t a t e s  i n  

High-Voltage Ekperirnen’caL Prograili : Neutron Total. Cross Section of: 

(204F~ + n )  for  5 <ElrJ. (kev) < 80 and of ( 2 0 s 1 3  .t n) f o r  26 < E, (kcv) < 
84. - m e  neutron t o t a l  cross sec t ion  for ( ” 4 ~  i n) w a s  s tud ied  from 
5 t o  230 kev using fast  t ime-of-fl-ight techniques.  A t  l e a s t  20 s-mve 
resonances were observed i n  t h i s  i n t e r v a l  in adctitioii Lo a numbel. of 
probable p-wave resonances. 
i s  2.7 ? 0.5 kev, and the s-wave s’cren.;tli func t ion  is  (0.55 * 0 . 2 )  X 
lr4. 

- 
The average observed s-wave l e v e l  spacing 

The total cross  sec t ion  %or (20’Pb + n) w a s  measured from 26 t o  



84 kev. Resonances were observed a t  about '10 and 77 kev, both apparently 
duc to R = 1 neutrons.  
found t o  be 8.4 ?- 0 - 3  fermj.s. 

Th.e effeckive n-uc1.ea.r radius  f o r  ("'Pb + n> was 

IXgh -Vo 1.t age &xpe rr i m m t  a1 Program : Total.. Neutron C r o  s s Se et; i. oil of 
Nitrogen fmm 2.0 t o  4 * 2  Mev with -- Good . . . ~  Energy Resolution. - An i n - t e r p e -  
t a t i o n  of different i -a l  scat-Lering Tkul.1.. Am. Phys . Soc e 11.. 653 (1966) 1 
and reac t ton  cross sect,ions [Nucl. Phys . -J 14 2'77 (1959) I"";;-;. neutrons on 
ni t rogen requires  more detail-ed information on the to ta l .  cross sec t ion  
than ,appears i n  the I.iteratu_ce. Accordingly, we have measixed t h e  neu- 
t r o n  'iota1 c ross  secbion of nitrogen from 2.0 t o  4.2 Mev wiLh -5 kev 
energy spread. 
Zr'T tal-gets furnished -the saixce of ' l '(p,n> neuttrans . 
transmission of a '7.35-g/cm2 smp1.e o f  LiN3 and made tine correcLion f o r  
the li-thiixn by use of l i t h i u m  cross  secttons taken from the l~ . te ra tu i -e  
(BNL-335, 2d. ed. 
f o u r  r e s ~ m n c e s  rin t h i s  energy region as given below, where the  resonan-i; 

kev: (22.30, 3/2-, b5) , (2950, 5 / 2 ,  14) , (3210, 3 /2 ,  85 ), and (3570, 3 / 2 ,  
30). The pwx.tj.es of some o f  the resonances can be assigned on t h e  bas i s  
of d i f f e r e n t i a l  cross-sect ion measuremetits [Biil l . .  Am. Phys . Sor: . 1.1. 
(1966) 1. 

-lll_ .... 

Protons froi:i %he ORNL .'5.5-blv Van de Graaff i-ncident upon 
We measured t h e  

suppi .  2,  1.96Li-3 . We assigri J vaJ.ii.es and widths For 

i s  fo1.l.owed by Lhe J val.iie aild widths, the l a t t e r  a l s o  i n  

653 -? 

Nathematics 1:e:;earch: ........... Produc-bs and Linear Combinations of 1 n v o l ~ -  ........... . -- ............- yl. I-- - ..-.,... _l_l__ .- 
t o r y  Ma-i;i-Lces. - A nonsingrl-ar matrix A with clerneiT.ts j.n. any f i e l d  i s  

Art n t h  order involutory mtir3.x A 
with elemen.t,s i n  a fisld. P 5.s of s ignature  s i f  and on.1-y j.f A = 1 + c&P, 
where each of Q a,nd P.' i s  n X s of rank s, where c = -2 a.o.d. PQ = Is f o r  

1 0 5 8 5 n i.f F has chara.ci;eristic: f 2, and- where c :;: 1. and PQ = 0 for 
0 5 2s 5 n i f  F has charaete.r:i.stic - 2 [Am. M a t h .  Month1.y 69, 267 (1962) 1 . 
'Two invo1irLory rrlatri-ces I + c&i-' and- I i- c&,Po a r e  s a i d  ti0 be in t h e  same 
i-' c la s s  (same Q c l a s s )  i f  t he re  e x i s t s  a. nonsin5ul.ar matrix B such that  
P = BPo (Q .:; QoS). 

of s igna-twe s i.n t h e  P c lass  [PI with elements i n  a f i e l d  F of ohar- 

A =I A"'" liri t he  field. .  

Let Ai = I - 2 QiPi, i = I, ... , r, be il X n involutory inatrices 

RiAi i.s an i.:rtvoJ-utory r i e L r i x  i n  tile 
r 

i=i 

a c t e r i s t l c  2. Then ( ii) '-l *r 
i =I s. =I, 

P class [PI %or all Ri :in F such t h a t  Ri 0, and. n Ai i s  an involir- 

t o r y  m a t r l i x  i n  t'ne P el-ass [PI i f  r :is odd. 
f o r  r od.d., PL1 A2 ... A,ktl. = A2k+l ... A2 AI, whi-l..e no p a i r  of dist tnci;  
matrices AtlAj commute. Moreover, i f  a t  l e a s t  two o f  t h e  A.. a re  i n  'Lhe 
same P class, a necessary and. sul"f:i.cien% condi t ion tha-i; every product 
of a.n o d d  number of th? Ai be involutory of srignature s is ?;ln.a.L all. t h e  
Ai be i n  thc: same Ip cl-ass. 

of s ignature  s FLI t he  same P c l a s s  [PI with elements i n  a fiel.d F of 

cha rac t e r i s t i c  2, -then the matrix fl A .  is involutory of signat,i,.we -the 

It should be noted. here t h a t  

.I. 

if the Ajs = 1 + Qi:P9 i = 1, ... , r, a r e  ii X a i-nvolutory matrlices 

1: 

1 i-1 
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r I? r 
rank of E 
i f  r is odd. 

Q L J  and E A. i s  involuiory of s i p a t u r e  t h e  rank of 
i=i 

1 
i=1 i=l 

Mathema-LTcs ICesenreh: Solut ions of T:eanscend.ental - Equat>ions. -_.- - h1 
elegant rn-ethod that appears Lo be new has been developed and tested. for 
loca t ing  the  zeros of an a r b i t r a r y  transcendental fu.nc-iton f (z) wri.thin a 
simply connected regfon of analyLicily. I'c is based upoil t he  Psc-t tha-i; 
the in t sg ra l .  of d f l  f (z)/f(z) taken ow? the  closed boundary cu.rve i s  
equal t o  27ti t h e s  t h e  sum of the nith p o ~ e r s  of the zeros within t h a t  
region, provided there i s  no zero 01-1 the boundar-y itse3.f. 
for rii = 0 t h e  I.ntegra1.. y i e l d s  the number of: such z,eros. 

In particu.l.ar, 

Progrm-mi~g - Research: Tungstcr. Deposition Stu3j .e~.  - A s  p a r t  of a 
program t o  inves t iga t e  t h e  deposi t ion of ttmgs-te~i. on c y l i n d r i c a l  rnandrels, 
art exper i i i~c l ta l  desigi1 consiBting of 81 experirneiits has been completed. 
'The pr-imaqy ,pixpose of -the design i s  t o  eatimake the e f f e c t s  and i n t e r -  
ac t ions  of four  process var i ab le s  i n  3 f u l l  cubic, model on tungsten ef-  
f i c i e n c y  and deposi t ion r a t e .  
i s  incomplete, contour graphs have been obtained t~hi.ch i l lustrate t h e  
physical shzpe of the respon.se surface. 

Although s t a t i s t i c a l  amlysis 0% -&le data 

Pr~gr~a~iiming Research : Likelihood. Katio Test f o r  Multinomial D i s  - 
t r i b u t i n n s  . - In  sorrie s t a t i s t i c a l  a,ppl.ica,tions, 11 observa-i;ions from 3, 

hyop'c'ne-Lical. population could- be cl . .assified I n t o  It rmtual ly  exclusive 
ca t egor i e s .  
proba,liility ai that an observation fa1.l.s i n t o  the i t h  category, whj-ch 
one would l i k e  to test by expzriinentation. 
t i s t i c s  f o r  this purpose, r e f e r r e d  'to as t h e  l i ke l ihood  r a t i o  %est and 
Pearson's x2 s- i ;a , t is t ic .  
extremely l a z g e  s i z e s ,  t hese  s % a t i s t i c s  behave a l i k e .  B u t  i n  p rac t i ce  
we w i l l  have t o  deal with small sample s i z e s .  We have i n i t i a t e d  a s t u d y  
on t h e  exact  d i s t r i b u t i o n  OT t'nese s t a t i s t i c s  i n  t h e  case of t h e  t r i-  
nomial d i s t r i b u t i o n ,  and have (leveloped computer algorithms t o  study the  
v a l i d i t y  of the l a rge  sample theory.  

There ITi.1.l. be some theory  o r  hypothesis which gives  %he 

There are a t  least two sta- 

It is   we^ known t l a t  if we have samples of 

Progrcwming Research : Fzponential- Approxi.matiori. - hi i t e r a t i v e  
procedure has been developed a n d  puogrwmed t o  flit data by a func t ion  

n b .XI 

ai e 
1 of the  form f ( x )  = 

bz2  
tiolis. 
equations and %he process i o  repea'c,ed. 

. The parameters a.1, a2, .. . , arn, bl, 

. . . , b, are approximated by t h e  so lu t ions  o f  s e t s  of l i n e a r  eqiia- 
Tliese approxirmtiorie a r e  then  used t o  obta in  new sets of l i n e a r  

i=i 

The procedure requires es-birmtes only f o r  bl, b2, . . . , b,. 

Isotope Chernistry. - Studies were made o f  the phys ica l  and chemical 
p rope r t i e s  of molecular add i t ion  cQmpounds formed by BF3 and groiq VI-B 
donors. The cJ;imethyL . t ; e l lwide  c0j;nplCx was too mi.stable t o  exist a,% 
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temperatures even as low as --3O"C, 
sel.en7-d.e sBF3 compoimd w a s  -43°C. Prom room temperature t o  Jts freezing 
point ,  -t;lie s a b w a t i o n  pressure of the l.:] dimethyl selenide complex was 
given by l o g l o  P = 9.945 I-- !.l-824/T). 'The 1:1 b u t y l  e ther  and ethyl. far- 
mxLe complexes formed.  st 25°C bui deLeriorated sl-owly w i t b  the fomilai;ion 
of noneondensable gases.  The freezing poi-nts of these  comFlexes were 
-30 and -8"~ respectTve1-y .* 
poin'is, the  saLwat ion  pressures of freshl..y yrepared. Bu2O eBF3 and HCOOEt . 
RF.3 were given by log P = 5.65 - (lOl.O/'i') and l o g  P -- 5.70 -. (l33O/T') r e -  
spec t ive ly .  r'or the same t iperatilre range, t h e  eqijil..ibrim constamt f o r  
t he  i so topic  exchange react3.ork 

The freeziLis poin'i of t i x  ?_:I. cii.methyl 

Between room -i;enpernture and ti?e;.r freez:i.i?g 

was gi-ven by log Keq = ( S . l O / l T >  - 0.0130 when A was di.methy1. selenide,  
and by log  K Previously 
repoycted. e ~ p ~ i . . ~ - t h - P i ~ ~ ~ i  constan.%s for the Me20 and Tk2S exchange react3.i:ln.s 
were rede-Lemined: 

= (1.6)Y) + 0.0059 when A w38 d i b u t y l  e the r .  
eq 

log Keq = (10.7/T) -1 0.020. 
f o r  Mc20, log Keq = (8.76/%) -I 0.0179, and f o r  T&2S, 

Based. upon sakiJmzi;i.ox? pr > x e s ,  the  stabi1.i t i e s  o f  t i e  cha.l..r:oe;en 
complexes of BF3 decreased i n  the  m&er Me20.BF3 > MezSeUh'3 > Mc2Se .BF3 > 
HCOOEt *BF3 2 Ru2O sBF3. Tbe u r d m  of  t5i.e c l i m e  i ; i iyl-sibsti t l ,~ted doinom was 
explicable i n  Le:mi,s OP donor r a d i i ;  -LIE positions of the IICOGE-:-t m d  BuzO 
complexes sewied t o  be de-t;ermined by steri-c a.n.c? inclue-Live e f f e c t s .  

a, molecular addiLion coriipound and BF3 var ied  w i t h  d-onor ri.n the following 
manner: MczS > MezSe > Me20 1 R1120. Except f o r  Llvt T4c2Se donor, t h i s  
order foJ-l.ovs that predicted on the  basis of our previo1lsl.y stated ru1.e 
that the quiLibr-iuin constan:\! v a r i c s  invcrse1.y wlth the  st,L*eng;i;h oi" 'ihe 
boron-donor bond. 
p1.a.i ne4 i n  tej3O.s of two opposing effcc-Ls whose contiq:i.but,i.ori.s $;(J tile i so -  
Lopic equilibrium constant vary wi th  iacreaslng donor s i z e  : t he  el-ectron- 
pai.r doiiaLing p m e m  oi" t1ie donor a'coms, and t h e  po?.a.ri.zabi.li%3-es of Lile 
donors. 

The equi.1.i.brri.i~m constantx f o r  i;he i so-Lopic  exchange of 'ooroil. be'cween 

The exceptionaJ. posi- t ion of tile Pk2S2 donar was ex- 

Effects o f  iiadi.a%.Lon on hialy-bical  Methods . - The study bei.n.g c a r r i e d  ........ _--- 
OUL on '~he reac-t :-on mechanism of t h e  z i . r r con~ .u i t i~ l i za~ in  red S (ARS) compl-ex 
has been coinpl-eted. It has been &ei;erroj.ned t h a t  i n  acid. medim (<l.. N), 
zij:ccmjim and.. ARS form Q 1. :1 complex in which the zi.rconi.uirn ris bomdmJLo 
-the AH8 v i a  the  1,2-hydroxy fimctional- groups- The quinoid oxygen i s  no$ 
d i r e c t l y  invol-ved i.:n the Zr-AKS complex. The r a t e  of tile reac t ion  has been 
fo1ii.d t;o be func-tion of the r a t e  o f  hyd~oJ.ysi.s of the zirconium ion to 
presumably- t h e  Zr(OH)22' .  
give the  Zr-ARS co~ql-ex.  'The effzc'w o f  other  pa-fameters on tile reac i;ion 
such as terrpersture, zirconium concentration, e t c  . , have a l s o  been s-L.udied. 

The following conclusions have been d r a w t i  from the study on the r a t e  
of d i sso lu t ion  o f  some i-nert meta.!..s In l i C 1  while undergoring alpha irrad.i.a- 
t i o n .  

1- - Gold, zirconium, tungsten, and pl-atinurn dissolve i n  i r r a d i a t e d  
13CL ai; mensurable rates. The r a t e  a t  which niobiuCI1 dissolves  i s  slower 
but s t i l l  measurah1.e. Tanta1.m shom tile g r r a t e s t  r e s i s t a n c e  t o  dissolu-  
t i o n  i n  t h i s  mediiim. 

This compI-ex ?on, -then r eac t s  with t he  ARS -l;o 

. . . . . . .  ..:, ,.+&p. ... :.',> : . . . . . . . . .  . . .  .:...;...:.;...; ..................... ........ -. ..,.. 
...... 
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2% The r a t e  of d i s so lu t ion  i s  dependent on t h e  amx,rnt of f ree  chlo- 
r i n e  being produced, which, i n  tu rn ,  i s  a func t ion  of a c i d  and chlor ide  
coneencentrations arid dose 

area o f  t h e  metal. 

tud.e below t h a t  of chl-orine formation 

comparxtively large volume of HCI. a.nd irradizked: 

3 .  

4. 

The following rzks were measured w?ien each metal. 'clas placed i n  a 

T'ne r a t e  of d.issolutlion i s  r e l a t i -ve ly  unaffected. by the  su.rfa.ce 

The G va.l.ue f o r  metal dissolukion a t  best is  one order of magni- 

Ra%e or" Disso lu t ion  
Metal 

(mg/106 rads ) (micromoles/106 rads 1 

Au 2.50 12 .7  

Z r  

W 

P-r; 

1.12 

1.10 

1.09 

12 .L- 
6.0% 

5 -5% 

m 0.03 0.03 

Ta Below detec'cion l i m i t s  

A redetermination of t h e  r a t e  of a c i d  production from the r ad io lys i s  
of c h l o r a l  hydrate so lu t ions  shows t h a t  the rela . t ion between t h e  concen- 
t r a t i o n  and t h e  rate i s  much less than  tha t  reported by o ther  workers. 
There is roughly a 5 9  increase  i n  rate as  t he  concentrat;ion i s  increased 
froiii 0.01 M to 1 M. 
a Linear f&ctioii-of t h e  radiatjon d-ose, bu t  the curves do not pass through 
t h e  o r i g i n  and lave a eornmon p o s i t i v e  i n t e r c e p t .  

CompixLer Programs for Crystal- 
Struc-ture Deterininadtion * - The Fourier s u m t i o n  a,nd e l ec t ron  dens i ty  
mapping program for crys-tal s t r u c t u r e  determination, F0RDMER2 ha,s been 
brough1; up t o  &%e and wade compatible wi th  the  1H.I 360115. 
program w a s  w r i t t e n  by Allan Zalkin of t h e  Lawrence Ra,diation Iaboratory 
and mod-ified by B e r s  and. 1Tami.lton of Brookhaven N a t i o m l  .laboratory a.tzd. 
by Levy a d .  E l l i son  o f  OIINL. T'ne lieti FORTRUi/3GO v-ersion coii'cains a l l  
of t h e  previous niodifications plus t h e  add i t ion  of a new map-plotting sub- 
routine f o r  t h e  CDC Dataplo t te r  and. a subrout2n.e for the interpolat ion.  
of bOLh p o s i t i v e  and negative el-ectron dens i ty  peaks i n  t h ree  dimensi.oiis. 

Reactor 
Chemistry Divis ion.  

The a c i d  production a t  each concentrat ion level. i s  

PbyBicaL Chemistry of Molten Sal-ts : 

'The o r i g i m l  

, Source decks fo r  thLs program may be obtained from G. D. Brunton, 

Physical  Chemistry of' Molten Salts : Physical.. Proper t ies  of Moltzri 
F luor ides .  - Densi t ies  and. v i s c o s i t i e s  of BeF2 and BeF2-LiF mixtures 
were measured t o  determine i f  t h e i r  temperature c o e f f i c i e n t s  of v i s c o s i t y  
a r e  co r re l a t ed  w i t h  thermal expansion c o e f f i c i e n t s .  For 13e%'2, the v i s -  
cos i ty ,  -which va r i ed  between 1.0 and lo6 poises  over the  temperatme in- 
terval 573 to 985"C, exhib i ted  Arrhenius behavior.  The dens i ty  of BeF2 
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appea,red t o  chanse only very s l ighLly w i t h  temperature. 
LiF mixtures, the viseosi-ty measurements confirmed. e a r l i e r  resu1Ls which 
showed marked decreases of v i s c o s i t y  and i t s  -temperature coe f f i c i en t  with 
LiF concentration. From the densi ty  measurem?nts, it w a s  found t h a t  be- 
tween l l_  a-nd 50 mol? $ LIF, thermal expansion coefficien'cs decreased with 
decreasing LiF concenJLration. Tentatively,  these  Y e s u l t s  ind ica te  tinat 
the temperature c o e f f i c i e n t  of viscosi.Ly decreases wri.th increasing -thermal 
expansion coefficient; ,  and i n  par t icul-ar  (1) t're Arrhenius behavior of 
pure BeFz, l i k e  t h a t  of Si.02, is associa'ced with tihe tenipcrature inde- 
pendence of f r e e  volime; (2) LiF, when d.issolved i n  Reii'z, not only breaks 
up the nelnork of Linkages betTiseen bereyllj.um and fl.uoi-ine, bu'c a l s o  i n -  
creases  the temperature dependence of the  f r e e  volume, thereby decreasing 
the  a c t i v a t i o n  energy of viscous flow. 

For the  BeF2- 

Chemical Fhgineeri.% .I_..1 Hesearch. - Scale-up stud. i  es  of t h e  stacked- 
cl.oi?e solvent ex t rac t ion  contactor  were Trade i n  machines that; were 0.5 

_________II 

and 1 .4  times the s i z e  of the  standard contac-Lor. The sta.g:e effi-ciency, 
1xin-g -uranyl n i t r a t e  as the  t ransferab le  s o l u t e  ri.n the system 3- 14 - XaN03- 
lF3$ t r i b u t y l  phosphate in Amsco, averaged 75$ and was independent of con- 
tac  tor s i z e .  

machine; t h a t  of the l.L;--.scale nlachine w a s  119%. Assumbg t h a t  the  pumps 
and l ines  were sca led  proport ional ly ,  the  r e l a t i v e  residence t i m e s  per 
piiysical s tage for t he  0.5-, 1 .0-, and 1.4-scale  contactors a r e  0 - 3 ,  1.0, 
and 2.3 respec t ive ly .  

of 2.5 %ei;ween adjacent lanth8nidec 
FMOg solut ions with di (2-e!.;iylilcxylIp'nos~iloric acid, does not apply t o  
smie of: the lighter riieriiiers of tlne group. Thereas such a formula. approxi.- 
jaate1.y appl ies  to tAe overal.1. range of el-ements f r o m  lan-thanum t o  europium, 
x.ie f ouiid t h a k  cerim 5s considera.bl.y more exLraet,abl.c and thxL praseodpium 
i s  s l i g h t l y  more extractab3.e -than predicted.  Xeodymium, on the o thcr  hand, 
is s l i g h t l y  less ex'cractable than expected. under various conditions - 'These 
anomalies pro'oably expl-ain the d i f f i c u l t y ,  reported by some workers, i.n 
separattng thece elements by extraction chromatogaphy . 
wou.1.a be -the use of a s o l i d  sorbent t o  :;el_ectivel..y and. revers ib ly  sorb 
PiiF'6, i n  much t h e  same way that Na3  i.s used i n  t h e  Tm6-1\T@ sys-tern t o  
recover and decontaminate m'6. The Pu%'6-LiF system, whil e not an exact 
analog of t h e  UF6-Na-F system, may be adequate; there.fore it is being 
more completely eval.uated. 

by a fI.uorine Slow method analogous t o  the t r a n s p i r a t i o n  m=.thod used i.il 
vapor -pressure work. For these measuremen-Ls , about 300 mg of plutonium 
(as PuF6) was first  sorbed onto an 8-g bed of LiF wiLh sufficj.ent excess 
fl.uorine t o  avoid deposit ion of FuFL~ as a res1J.l.t of thermal decoinposition 
of Pu??6. 
point ,  wi-'ch t h e  L i F  a t  a cont ro l led  t e m p r a t m e ,  a reginlabed €Lad of 
f l uo r ine  (SO ml/min, except for one t e s t  a t  100 ml/min) w a s  passed th ro igh  
the  b e d  f o r  periods of 60 to nearly 1000 m h ;  Pi36 i n  equi1j.briui.m with 
the bed and the Fluorine was t hen  co l lec ted  i n  a backup NaF trap. The 15 

The fli;l,j capaci ty  of the 0.5-scale machihe was L1.05 of 'LIE standard 

Separations Chemis-try .____.. liesearch. ... The wcll.-known separat ion f ac to r  -. . . ~  .. 
usual ly  observed i n  ex t rac t ions  i'i-oni 

V o l a t i l i t y  Studies .  _I______ - A des i rab le  s t e p  i n  t h e  v o l a t i l i t y  process 
-....___I 

The equLlibriimi between PIil 6, f luor ine ,  and 1 \ j . & ~ ' g  i s  being s tudied 

A t o t a l  of 1.5 "good" equilibrium po in t s  were taken. FOX- each 

%;.::.. : .... i.; .. . . . . .  .,. .e.*;., . .,: :p.* . . . . . .  e.:< . . . . .  

........... ......... 
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po in t s  Si% t he  equation 

log K = 2047/il' + 0.817 , 

where K = F2/PuE'6, 
8.t the  following temperatures ( in  "C)  o f  interes-ti were found t o  be: 
2.01 X I O 6  a t  100, 1.4-0 X LO5 a;L 200, 2.45 X l o 4  a t  300, 7.25 >(, l.03 a t  
400, 2.92 X lo3 a t  500, and l.4.5 X l o 3  at 600. Die free-energy change 
f or t h e  r eac t ion  

From Uiis s t r a i g h t - l i n e  r e l a t ionsh ip ,  values of K 

i s  Al? = 9360 + 3.74 Y ( K )  cal/mole. 

TRU Operations. - Dissol.ution o f  t h e  firs% of four  TRU-SRL irradia- 
t i o n  elements (IIFLR puoboty-pes ) vas completed, represent ing t h e  first 
f u l l - s c a l e  processi.rig i n  t h e  facil.l-t;y. 
nides pred ic ted  t o  be present  i n  tht-: t a r g e t  were dlssolved. i n  wlcstrz- 
1yzed 15 M 1iNO3; most of t h e  remind.er 'were dissolved i n  a sihseqiien-b 
step n s i @  fluorid.:: as a ca-taL1yst. 
separa te ly .  A f t e r  adju.otment of the ac id  concentrat ion t o  7.5 E, and 
oxidat ion of %he pl.utoniwn t o  t h e  te-Lravalent s t a t e ,  t h e  f luo r ide - f r ee  
so lu t ion  was passed Yflrough the  ion exchange systeln (Peraiutit SK r e s i n )  ~ 

where h i  gh- pui-i ty plut o n i m  was r e  c over e d ( s e par at i on Î  ac t, or, approxiim.t< e J-y 
600) with ].ow (about J.$) losses. The f luoride-ca, ta lyzed d i s soPmr  solu- 
tion w a s  ad jus ted  wi th  H3RO3 to complex t h e  excess f l u o r i d e  and t o  per- 
m i t  red.isso.l.u.tion of any p r e c i p i t a t e d  a c t i n i d e  f.l.uorides, and t,& a c t i -  
nides  were p r e c i p i t a t e d  with NaOIi.  'Fnis alkal-ine mixture i s  being stored 
'Lemporari.ly until the mate r i a l  from the fimt d i s so lx t ion  h.as been proc- 
essed. 

The americium-curium product recovered from t h e  plutonium ion  exchange 
run m.s evaporated; the ac t in ides  w e x  p r e c i p i t a t e d  arid centr i fuged,  and 
the res-ulting solid cake ~ r a s  washed seve ra l  tiines e 

l o s ses  were 0.3%. 
cent r i fuge  bowl with  good (g rea t e r  than 9901,) recovery,  
so l lh ion  incticated th% only t r a c e s  of a c t i n i d e  remained i n  the  cent r i fuge  
bowl, which confirms t h e  e f fec t iveness  of thi.s teckmique. 

vent ex t r ac t ion  process,  a t r a c e r - l e v e l  run was made wLth a smple  of 
t h e  real. f e e d  as a "spike." Dur ing  this run, which l a s t e d  21 hr, t h e  
system operated quite s a t i s f a c t o r i l y  and without i n t e r rup t ion .  Solveilt 
ex t r ac t ion  losses t o t a l e d  0.3%; 0.1$ occlxred i n  the raffimiie, sod 0.2s 
occurred. i n  the s t r ipped  e x t r a c t a n t .  13econtamin:xtion from T"iss.ion produc-ts 
improved throughout the run, with the dccontaxflination lraetur (DF) increas- 
ing  from about; 15, i n i t i a l l y ,  t o  g rea t e r  than  35 zt't t h e  end.. 

various mechanical. difficull-Lies and by an wlexplained loss of a c i d  Prom 

Approximately 7 q 0  of t he  a c t i -  

The two dissolv-er  so lu t ions  were held 

Measured ac t in ide  
The a c t i n i d e  cake was redissolved i n  3 14 IECL in the 

A cleanout d i s -  

Before t h i s  mericri.mn-curium prod.uc-1; was p u r i f i e d  by the Tralrlcx sol- 

The a c t u a l  processing of t h e  dissolved t a r g e t  ma te r i a l  w a s  delayed by 

.I ...... ..................... . ...,. - ...... ...................... _ '....,......... 



the  o r ig ina l ly  adjusted. feed.  
a per iod of smooth operation with "cold" feed, operation wi th  radioact ive 
feed. w a s  begun. T h i s  run continued f o r  1.7 hr,  a,t which Lime a plugged 
a i y - b k z d  o r i f i c e  assembly formed an a i r  lock i n  t h e  ex t rac t ion  column. 
Before the solvent  ex t rac t ion  system could be res tored  .Lo operation, a 
power f a i l u r e  O@CUi"i^e.d, forcing a complete shutdown. Clcanout and r e  a- 
covery operations were begun. 

was pwnped t o  t h e  system. &t rac t ion  losses s t e a d i l y  increased., approach- 
ing  about 3$ when 'che feed w a s  stopped, Lndicat3n.g -tl?a-L chemical equri.l.ib- 
r im1 had not been reached ak t h a t  t i m e  and. %hat s a l t i n g  strengS,h i n  t h e  
feed w a s  not s u f f i c i e n t l y  high for good extract?-on. Str ipping losses, 
measmi-ng 0.05$, were sa t i s f ac to ry .  
product from f i s s i o n  products was s a t i s f a c t o r y  (DF .= 35); a high back- 
ground . that  w a s  a . t t r ibuted t o  s~jC)n'GajIcou.S fi-ssion products obscured any 
peaks on t h e  product i n - l i ne  garmila analyzer .  
yses, UF's f o r  '.06Ru, 95Zr ,  and I4'C? were 160, 6, and 560 respec t ive ly .  
Although I.ower than  des i rab le ,  the decontamha-Lion from '.""Rin and .  ' ""kc 
approwhed sa t i s fackory  l eve l s ;  -that f r o m  95Zr d id  n o t ,  
scrub w i l l  bc added. -to improve deconhmination from zirconium i n  f-Litljrc 
rims. The californium conbeni; of the firs'c t a r g e t  rod now being processed 
was determined t o  bz about 35 p z i  based on analyses 01 t h e  d isso lver  solu- 
t i o n .  

Inspec-tion of t he  1.6 f D I R  elements i r r a d i a t e d  at  Savannah iiivcr Tab- 
oraLury has been compl.e'&ed.. Scven-keea elements were returned t o  the EVPK 
f o r  addi t iona l  i r r a d i a t i o n ;  nine of -these required refurbishment with new 
hex can sheaths .  The fi.n damage was sirni1a.r  on a l l  elcm.ents, but t h e  i n -  
t e g r i t y  of bile wel.d.5 aid tubj.ng was excell..enf;. 
helium leak-tested.  and found to  be leak- l igh t .  One eleinen-t; i s  t o  be re- 
t a ined  for dissolution and Pol- chemi-ea1 separa-Lion of t h e  act.i.nid.es Lo 
obtain an estiimate of t he  composttion of the  other  elements a t  t h e  start  
of t h e  i r r a d i a t i o n  i n  %he FIFIR. 

Af te r  read-jistrnen-t of '&he Peed and a f t e r  

During the 17-hr per iod of operation, approximately 3S$ of t h e  feed  

Deconta,mination of the recovered 

Rased 0.n radiochernical anal- 

Aj-i organic back- 

A1.L the elements were 

Process Development. - I n  contj.mied s tud ie s  of Liie ca t ion  exchafige 
. . . - I~  .I_-..I- 

separat ion of ac-tinide elements, four experi.ments were completed with 
up t;o 250-mg quaatitr ies of 2 S b ~ u  ancl 262~m i n  cell. 3 of the Curium ~ e -  
covery F a c i l i t y .  Colwnns J. i n .  i n  diameter and 28 i.n. l.ong, packed w i . L h  
274 Till- of ammonium-form Dowex W-X12 res in  were I.oa,ded. wit"h equal amoimts 
of' 2.42Cm and 241Ar~ (125 t o  250 mg of each).  Chrorr.i.im and i ro i l  ( t o t a l  of 
about 2 g), severa l  rare ea r ths  (.trace qua:ntit:i.es), and 1-06 ~ u ,  9 5 ~ r ,  an(]. 
2 3 8 L ~  were present  as t m p u i t i e s .  

Xcsin 
degradation at these  a c t i v i t y  levels (about 1200 w/l.iter) was not severe, 
and physical  perfor-inance of t h e  coliimn throughout t h e  runs was genera l ly  
sab i s f ac to ry  . Both t h e  s t a b l e  and mdioac t ive  irnpnri.Llcc were e lu ted  
with ammonium a-hydroxyisobutyrak from t h e  col.i?lmn ahead of the am,ericiuwr- 
curium f r a c t i o n .  The bes t  separat ion c f  '"Am from 2 4 2 C i ~  was accomp1.ished 
i n  t h e  final-  run, Ln which a product f r a c t i o n  containt-% about 30% oi' t h e  
242Cm and lO$ of t h e  21'1A3in w a s  obtained. 
contained 50% of tine 242Cm and only 1% of t h e  241Am. 
ra te  cha rac t e r i s t i c s  weye improved consj derably a f t e r  tile glass fr i t  (at 
t h e  t o p  of t h e  colurnn), used t o  prcssui'ize t h e  r e s i n  bed, was repl.amd 

I n  l;hc f irst  and four th  runs, about 125 mg of 242Crn was used. 

A center  cu t  of t'iis f r a c t i o n  
In t h i s  rimi f l o w  

*++ '<:.:...'...::.. ..:.:-. .: . .... .:<...>. 2<?,&.. 
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with  a pl.atinvm screen .  Tliis prevented a gradual l o s s  i n  ~J-OTT x:;zf;r, 
which was evident ly  a recii1.t of p l ~ e g i i i g  acd -  d i s i n t e g r a t i o n  of $he glstss 
f r L t  . 

I n  the - t h i r d  run, st?verE: resin d-egrada,tion occurred wibl.1 a 2c*zCm 
load_rin.g o f  250 m;* Approximate1.y 1 in. o f  t h e  r e s i n  bed was charreci, 
and about 16% of t h e  c~iriurfl 'was i r r e v e r s i b l y  i-etaiyicd i n  the charred 
res in .  Since 238Pu (produced by 262Cm d.ecaj.1 ~das iiot found i n  any of 
-Uie f r a c t i o n s  e l u t e d  from t h e  columt, %;he top 3 t o  4 i n .  of res in  Ira6 
removed from Yne colmm uftecr t h e  fowt;h rim and was diges-Led j.11 sbrong 
acid-. Analysis of t h i s  sol.ution skewed. %hat it contained abo11-t; 0.1. r g  
of 23gP~.. These r e s u l t s  i nd ica t e  t h a t  t h e  plutonim i n  t h e  feed solu- 
t i o n s  was probably pol.ymiwized and r e t a ined  irreversj-bly on t h e  r e s i n  ~ 

of 252CCf CCZLL be processed n a t i s f a c t o r i l y  on col.wnns of this size, 
A s  a result ;  of .this work, we nod f e e l  confident t h a t  100 t o  150 rng 

Di rec t  0bsemr:xtion of h t t i c e  Defects.  - The sud&es change from duc- 
b i l e  t o  b r i t t l e  behavior of most body-centered cubic struetuul:al metals 
can se r ious ly  l i m i t  t h e i r  application Tungsten., which has a t t r a c t i v e  
p rope r t i e s  f o r  use in high-%emperat1me reactors, a lso  has a duc t i l e - to -  
b r i t t l e  t r a n s l t l o n .  teniperat1u.e above room tempera t~xc  , 
handling and f a b r i c a t i o n  probkn.; . 
t h a t  i n p u r i t i e s  segregzLed at the grain bouxd-aries raise t h e  diictlile-to- 
b r i t t l e  t r a n s i t i o n  temperatlxe of reci-ysf;al.lized t imgsten. The resuLt,a 
IncIicr,te that the impuz-kf;ies a r e  prc1babl.y segregated in s o l i d  sol-crLiun 
at t h e  boundzrics . T h i s  i n t e r f e r e s  with the initi.a.t;ion of d i s locz t ions  
from gr-ain-boundary soizrces, makes t ramsiniss ion of s l i p  from. grai-:ci to 
gra in  inore difficul-l;, and- weakens the  cohesive bonding across t h e  'oouadary. 
T h w ,  d i s loca t ions  are not generated u n t i l  some hlgh l o c a l  stress ].eve1 
i s  reached. The developing s l i p  band runs into a, stiff b a r r i e r  a t  -the 
boundaxy, and- the  stress. concentrat ion a t  the point. of contact  is  relaxed 
by Torma3iion 03 a b r i t t l e  crack i n  t h e  grain 'uoundziry. 

britt]-e t r m s j . t i o n  t enpe ra twe ,  we believ-e t h a t  t h e  basic cause of the 
t r a n s i t i o n  lies i n  t h e  nature  of dis l .ocat ion actlvLby. Bcrittl-eness m y  
be assoc ia ted  wi th  s t r a i g h t  very narrow s l i p  bands, which are e f f i c i e n t  
stress c m c e n t r a t o r s ,  and. d u c t i l i t y  wl . th  d i f f u s e  tsavy slip 'Dan&. Cur- 
r e n t l y  w e  are using elec-Limn microscopy and e t c h - p i t t i n g  techniques t o  
exasnine t h e  effects of temperature and stress level. on t h e  naturt'e of slip 
bands i n  tungs ten  sir1gl.e c r y s t a l s  and their r e l a t ionsh ip  t o  t h e  d u c t i l e -  
b o - b r i t t l e  t r a n s i t i o n .  

I h y s i e a l  Ceramics 

This c rea t e s  
We recentl-y f o w d  s t roag evidence 

Whi1.e impur j t ies  a r e  obviously important i n  r a i s i n g  Lhe duc t i l e - to -  

- C o n t i r ~ u b g  our stud-ies of t h e  s i n t e r i n g  of Tho2 
and o ther  nlaterials with the  nmne f l u o r i t e  c r y s t a l  s t r u c t u r e ,  WE: found 
t h a t  p a r t i a l l y  s i x t e r e d  p:Jo7rfder compacts s i n t e r e d  fuWier  on ve.ry shorf; 
rehea t ing  i f  they  had been i s o s t a t i c a l l y  pressed before t h e  second hea& 
Lres.tment. A poss ib le  expl.an.ation rests on the premise t h a t  stresses 
present  during the room-teniperatulre i s o s t a t i c  pressing c r e a t e  d is loca-  
t i o n s .  Sbbsequently, a t  e leva ted  ten!pera.ture %hesc d is loca t ions  move 
and e f f e c t  mmterial t r anspor t ,  lrhich would not have occurred without 
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t h e  i s o s t a t i c  pressing between heat  treatments.  
pa t ib l e  w L t h  our previous demonstration t h a t  t h e  k ine t i c s  of -tAe inikia.1 
dens i f ica t ion  a r e  not @oipa t ih l e  vi-ti? a diffllsioil-coiltrolled process.  
Both resu.l_ts suggest, i n  a negative sense, t h a t  d i s loca t jon  motion con- 
t r i b u t e s  t o  mnaLeria1 t r anspor t .  

These r e s u l t s  a r e  com- 

14etallurgy of Siqerconducting _1_-.__1_ ?.lateri.al-s -.___..__ - We have developed new 
_II_..._ 

chemical polishing and anodizing I, cocedilres f o r  the  room- Lempcraturce 
metallographic preparat ion of specimens of 1ani;hanm and cerj-wn. 
methods no17 allow the  study ol” t h e  morphology o f  the phase t r a n s f o - m -  
k.i.011, €ace-centered cubic -Lo double -close-packed hexagonal, which occurs 
i n  these el-erne-nts near I’OOM temperahi-re . Previously, t h e  polished and 
etched. suxfaccs o f  the specimens werc: si-, reac-Live t o  laboratory a i r  t h a t  
t he re  was not s u f f i c i e n t  time -to exajr?.liie and photograph the  microstructures 
before the  sirrface de ter iora ted  t o  inse?..essiiess. The anodized surface of 
the specimen i.s s t ab le  f o r  severa l  days, each phase can be identi-fied by 
i.ts cha rac t e r i s t i c  color ,  and the speci.rnen can be examtaed and photographed 
i n  incident  polar ized or impolarized white and monochrornatic I.ight. These 
phase traiisforrmtions were studied previously only by x.- YRJJ dj.ffra.ction 
techniques which reveal nothring of’ the morpholhgy of the  transformation. 
A s-Ludy of Line morphology- of bile phmc transforma-Lion i n  both lanthanum 
and ce r ium w a s  star’cerl, and the results w i l l  be u.sed t o  prepare spccl:m~x~s 
of known microstructural  condi t ion f o r  t h e  de-temnination of the supercon- 
ducting proper t ies  a,s funcLions o f  t h e  ar~out i ts of t h e  differen’G phases 
present i n  tne  specimen. 

W ~ s e  

Single -Pass In j e c t ion-Accirmulat i on . . . . . _ ~  & p e r  imen-t s ( a D C X -  .._g__.l__ 3 ) . - __.. ..... - 
U i r r i n g  this repor t  per?:-od, work has contimuei on the-”coi.l. configuratlon 
design f o r  UCX-3, and c e r t a i n  experhenbs  have been c a r r i e d  out which 
ind ica te  the bean and vacimn perfo-mance f o r  DCX-3. Work on the  d-esiyn 
of the magnetic boActl? f o r  DCX-3 has continued along t w o  paths:  

1. R.i.bbon coi.1.s. ‘The r e s u l t s  of hydraulic t e s t s  and of stress analyses 
of the proposed. mechanrical s t ruc tu re  have i n  kfie m.in been encour- 
aging. Some Setail-inS o f  cons’cruction d.rawing;s is i h  progress.  ‘The 
pr inc ipa l  p r o b l - e m  continues t o  be t h e  u n a v a i l a b i l i t y  of epoxy-coated 
copper r ibbon i n  suffici-en’c quantiti-es t o  permit construct ion and 
t e s t  of prototype coil..s of -the quadrupole se%.  

supercondixthg c o i l s  a r e  almost compI.ete . These spec i f ica t ions  in -  
clude calci l la t ions of magietic - f i e ld  i ntens i - t ies  wi-thin the coil-s 
themselves and of el-ectronlagnetic forces  generated by the c o i l  sys- 
tem. 

2. Superconducting coi-1.s. Specificat?-ons f o r  a magneb system using 

A choice between these  two a l t e r n a t i v e s  i s  expec.I;ed soon. 
Preliminary experi.ments utilizing t h e  J-0-kilozauss DCX-1 m i r r o r  

f i e l d  and injectri-ng 1.5-kev iio with i n t e n s i t i e s  up Lo 44, ma have been 
undertaken. With confinement times near 5 mec a strong micro ins tab i l i ty  
was observed a t  the  gyrofrequency and i t s  secorid hamnonlc. We a r e  now 
i n  process o f  utl i l iz ing our  energy analyzer and caljbrating our secondary 

.... 
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e lec t ron  emission de tec tors  i n  ordcr to determine energy spreads and 
d-ensitl.es of t h i s  plasma 86 w e l l  a s  determining t h e  polarization of 
& I  ~ , n i s  

possi'ul.e t o  25$ full. widL1i a t  half rflaxi.mwri and 44 ma i n  the present  c ~ n -  
f igu ra t ion ,  and the transformer is  heir% put  i n  s e r i e s  with t h e  extra'c- 
t i o n  vol-tage i n  order to aL1o1.r such spreads t o  be made a t  a 1.i3te of 360 
per secund. 
of arc, e x c i t a t i o n  of an !IQ beLm and i t s  subsequent %rapping. 

emission at the  gyrofrequency. 
Del ibera te  energy spread of t he  i n j e c t e d  15-kev €Io beam has been 

A3-* apparatus i s  being assem'oled which w i l l  a,l.low s tud ie s  

Ion SOLUCC and Lon Beam Technolx. - Sa t i s f ac to ry  in j e c  Lion systerns 
have been developed %or DCX-3 and I?CEXECM. A cu r ren t  equivalent  of 250 m a  - 
o f  20-kev Ho p a r t i c l e s  can be passed through the TNTEKdM pl.;lzslnn. 
ential .  calor imeter  prdoes deveLoped previously ha-,re been jmproved and 
have been used t o  obtairi the radial. current densitiy d i s t r i b u t i o n  in t h e  
n e u t r a l  bean t e s t  system. 
s ign  of a new, shor te r ,  a m l  more stab1.e 600-kev aceelerati-zlg system i s  
c ont ixiuing . 

Differ -  

The progxwi of developmat  leading t;o t he  de- 

Proycx%izs of Pl.asma,s Created by Electron-Cyc.l.otron Heating. - The 
ELMO F a c i l i t y  i s  be3.1~ operated wi th  ~~os~t~~e-g~"~,(~i~rzt open-ended 11mg- 
n e t i c  geometries,  
t h e  folded cusp c ojnf igurakiol?_, whereas a fini.-t;e -minirflum inagnetic well 
i s  c rea t ed  wi th  tile add-ition of a curcent  -carrying "s%uTfir ig  bar" on 
t h e  axis. 
used. t o  c r e a t e  an electron-cyclotron. pLusma, i n  t h e  f a c i l i t y .  

Detectors placed i n  t h e  poin t  nnd l ine  c i~sp regions meas'uxe both 
the  s1.ow nnd fast par t j .c le  cin-rrentx . Total.-energy measurements, micro- 
wave emission measiirernents , and brez!!sstrahlu.ng ii1e:xxremeiits h<ave con- 
tri 'uuted -to the study of ins tab i . l i - t i es  . 'The i a s t a h i l i % i e s  seen a r e  re- 
l a t e d  t o  (1) the s t r eng th  of %he ex te rna l  f ie ld ,  (%) the gradien t  of t he  
f i e l d ,  m:!d (3) t h e  amount of cold plasrm. 
i s z s t a b i l i t i e s  is  receivinx major sttsnt;iol?_. 

ion  beam s o u c e ,  aceel-era.tor, and n e u t r a l i z e r  are belng added  t o  i n -  
crease t h e  n e u t r a l  be<-r,. current i n t o  t h e  f a c i l i t y  Curreni;s equivaleni; 
t o  about 1-00 t o  200 m a  a r e  expected- from t h e  new souces .  

A magnetic weI..l. v i - th  a z e m  minimurn i s  omxxir?ed wi-t;h 

Up t o  5 kw continuous ~lrave of 10.6-Gc microwaxe power is 'ueing 

The detal.l.ed natuxe of t h e  

The IN'I'EMM F a c i l i t y  has been s h ~ ~ t  down for raodifications.  A new 

Proper t ies  of P.?_asnia,s Created by Beam-Plasma. In-teractioii ~ - The 
modified Burnout V, wi th  its larger Inidplaize d icmeter  and  l.onger mial 
length,  ha=; been operated a t  a'oout t h e  same steaC!y-s.Late beam power i n -  
put and pl.c-tsiiii?, densi:by as Sefore modtfication ~ 

spec t r a  w s 6  reduced, as expected. The beml pow-er input  appears t o  be 
limited by t h e  temnperat1-we of t he  cn.i%on mirror  o r i f i c e s ,  the anodes 1( 
Tlie pressure gradient  w a s  not  6;-kepened as expected. Steeper pressure 
grailients have been achieved by add:hg additional-  bursis of gas -to t h e  
iiiidplane region. The bean cu.rren'i increases  as t he  gas i s  add.ed, and 
the  heam voltage i s  he1.d up by a cspsci-tor bank th.st, c3wnps its en erg^ 
into the discharge.  A neutron birrs?; occurs a t  the t i m e  of t h e  gas pulse. 
The tec1inj.qii.e provides a m y  of inereasring the pressure gradj.en'L and 
suggests a method for mras.ur.ing plasma lifetirnes . 

I n  separa te  work carried out t n  the bean-plasma faci . l i ty ,  o1.r attem- 
-Lion has been ciirected toward iiicreasiing t h e  electron density i n  t h e  'not- 
electron- blanket .  

The i n t e n s i t y  of inlpmity 

Two a r c s  are being used, the first loca ted  6 i.n. off 

- ..................................... - 



axis as before,  and the second located k k  in. off a,xis. The second a rc  
a l s o  has an i ron  s h i e l d  conceatr ic  with t h e  anode channel- i n  order t o  
compensate f o r  the higher rnagne-!;i-c f i -e ld  present i n  t h e  second anode . 
The operation of t he  6- in . -off-axis  a r c  has bee11 improved w i t h  no i n -  
crease in operating pressure.  
out thz mirrors and the  power del ivered to .tihe powe:~ probe ind ica te  thaL 
the densi ty  of t he  intermred-iate -energy- e l e c t r o n  d- is t r ibut ion has been 
increased by a fac to r  of 2 t o  4;  the densi ty  i s  5 X 

undertaken. 

Ro'ih the  sai;!xra-t;ion current  si;reami.ng 

emf3 o r  more. 
Alignment of t he  second a r c  i n  -the new 1,-5.n. posii;i.on i.s now being 

Theoret jcal  Plasma Physics . - It i s  wel l  known t h a t  a pi.a,sma is  un- ,L_.... -..... 
s t ab le  ?or some veI.ocity d.isJdbuiiions,  f ( G I .  'These a r e  tjne familiar 
"velocit~y-space" insLa 'ui l i t ies .  
growth of -tile a;rn,plitude of tlie wave. 
discover bow t h e  ?'Luct-~a'i;i.i~ f i e l d s  can mod.i.fy the vel-ocity dis t r ibut ion, ,  
f ( < ) y  i n  s-mh a way as t o  res-tore s t ab i l i - t y .  When s ta 'b i l i ty  i s  ;eai;ored, 
therc re1rlaT.ii.s a c e r t a i n  spectrLui1, M($), o f  waves i n  'iiie plasma (k i s  t h e  
wave vec to r ) .  The usual quas i - l inear  equations LO no t  in. general  pre- 
d.i.c 'i, an approach t o  %hemal. eqi i i l ibi- im.  
l i n e a r  equations which pred.ic'i thaL the  par-Licl-e ve loc i ty  distribu'L2on 
approaches 'Ale ~ ~ ~ a ~ , , ~ e l ~ - , - ~ ~ l ~ z r n a ~  distribu-ti-on and Lhat  ihe energy d i s  - 
tifiibvtion o f  pl.asm o s c i l l a t i o n s  approaches the Ilayleigh-Jeans dis t r i -  
bu'ci.on. These equat iom d i f f e r  .from the usual qu;tsi.-linear equations 
by L e - m  due t o  spontaneous emission. of plasma osc i l l a t ions  by parki-cles. 

Linear theory predic t s  a;? exponential 
Quasi-liu.ear thecr ies  at'i;em:ot t o  

We have derived modified quasi.- 

M J ~ L C  Cross Sections.  -' An ex i s t ing  charge spectrometer has been _I__...___^ a' -- -. . . . . . 
siqplemanted with gas c e l l s  a;nd an e l e c t r o s t a t i c  energy aa.alyzer t o  a l l o w  
inves t iga t ion  of charge -exchans,e reactioi2.s. Emphasis i s  1a.j d upon nieas- 
uremcnts of m d t i p l e  e l e c t r o n  t r a n s f e r s  to high1.y charged rare-g8s ions.  
Preliminary results show a laxge probabi.l.ity o f  trailsferring - h o  and 
bnLLc electrons from neutral. A.r t o  As4'' aad Arc5+ ions .  Rat ios  0-),2/Cq.3 = 
0.4 and 0-~1./0^43 = 3.08 werc  obtained f o r  A-r"' ions o f  20 to LJJ kev energy. 

Measurements have been 1nad.e of t h e  el_ec"iron s tz ipping  cross sec t ion  
(POI) and the stat3.stical. charge equi.libri.ui*fl f r a c t i o n s  (Flm s.nd F o ~ >  for 
hydrogen parti-cles i n  t a r g e t  gases of Ii2, He; 02, N 2 r  Ar, HzO, CHh7 and 
C2Kg I n  the energy range 100 t o  550 kev. Excel.ll.cnL agreement e x i s t s  be- 
tween t he  present resu.l ts  and prevTi.0~~ rres-ults f o r  sases of 112, He, N2, 
and AT. T'ne energy range is bej.ng extended to 3 Mev, al-ong wi t ' i i  th2 ad.. 
dLtional measurement o f  the aleciimn capture cross  sec t ion  (0-10). 

qilantitatLve d.etector of low-energy i leutral  particles e s c a p h g  Trom a 
pl.asma. Detailed investlga'd-on of .Liie sta?;isti;:Lcs oC the secondary e lec-  
t r o n  distribintioil revealed. t h a t  previous rncasurernen'Ls fail..ed t o  include 
a l l  t h e  secondarj.es emitted. Increasing t h e  a rea  of -ihe sjl . icon b a r r i e r  
detector t o  200 m2 apparently results i n  loo$ collecti .on.  
high-resolution s w f a c e - b a r r i e r  detector  i.n ?;lie t a r g e t  pos i t ion  p e ~ m i t s  
t h e  dete-mination of t h e  probabi l i ty  of zero e lec t ron  emission for i n -  
c ident  11' p a r t i c l e s  in. the energy range 10  -Lo 50 kev. T h i s  prohabil-ity 
j.s 0 + 2$ throughoiit Lhis energy range. 
AgMI t a T @  approximately f i t s  2 Poisson distr5birt ion with depar%ure 
o c c m r ~ . n ~  f o r  groups of e lzctrons g r e a t e r  than eigh%. 

.L.1 - - ~  

Development has con-i;j.mled. on the secondary el.ectron de'r,,=ctor as a 

Placing a 

The electron d..i.s'LI"Tbution of an 
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Body Fluid  Analysis. - -4.n au tomkic  high-resol-u.-tion analyzer capable 
of q u a n t i  t a t  ively de 1; e rmiiiing ul. t r z v i  o l e t  - ab s orbing m o l e c d a r  c oris t it LE r i t  s 
of u r lne  i s  being developed. f o r  use 3,s EL c l in ica l .  tool.  and f o r  bioc'n.tm.ical. 
research.  
nucleotide analyzer,  uses a separations system bused on anion exchange; 
t he  d-etection device ts a recording spectro~?l iotor~eter  operating a t  four  
wave]-engths . It has separated up . to  LO7 ull;ra,violet-a%,sorbing ur ine 
cons t i tuents ,  of which 11 have been tentatl.ve1-y identrifietl. The results 
a r e  reproducible.  

The reso lu t ion  of t h e  anion exchange separatioris column has 'oeen 
increased by u s h g  5- t o  lO-p-diam re s in ,  and t h e  time required f o r  a 
s ing le  m i n e  ana lys i s  has been decreased t o  about 40 hr by using a high- 
pressure flow system 61500 p s i ) .  

individuals  having acute I.ei&.emia,. Other abnormal ur ine  specimens are 
al-so being arialyzed. 

T'nis analyzer,  which. is R modkWi.cation of a previously developed 

The system has shom~ di f fe rences  between no-mal ur ine and.  m i n e  from 

SOMATIC WFECTS OF FLKDIATION 

S t a t i s t i c a l  Services and Research. - The f i f t h  i n  a s e r i e s  of ex- 
periments d.esigned t o  i n v e s t i g a t e  t h e  moz-ta,l.i t y  from secondary diseasc 
i n  i r r a d i a J k d  mice treated.  w i t ' n  fo re ign  bone nwrrmT i s  now' being per- 
formed.. 
sign, the purpose of which i s  t o  approxi.inate t h e  point  i n  -the f ac to r  
space which w i l l  r e s u l t  i n  t he  l m e s t  mor ta l i ty  of mice treated- with 
rat bone marrow. Designs f o r  fur'ther explorat ion of Gh.e response sw- 
face are now being considered. 

C3H)F ' l  mTce was stxdr ied by cytological ,  histoI.ogical., histochemical, 
and autoradiographic me-iiiods . Mucous cells b~ere seen t o  d i f f e r e n t i a t e  
i n  the  vagina l  epithelium throughout the s tage  of diestrrins , su.ggesting 
t h a t  this s tage  shou1.d. properly he considered a p a r t  of proestrus .  Hence 
a n e w  h i s t o l o g i c a l  c l a s s i f i c a t i o n  w a s  proposed, i n  which the  estrous eyc3.e 
w a s  divri.d.ed i n t o  th ree  s tages  : proes t rus  (s tage of muc %ri .cat ion)  , es-trus 
(s tage of comifics.t.-ion), and metes t rus  (stage of sloughing) . 'Die use of 
bhese terms t o  c l a s s i f y  the s tages  of t he  es t rous  cycle enabled the  cycI.ic 
changes i n  vaginal  cytol-ogy to he c o r r e l a t e d  mox-e closely wi.tli the  corre- 
sponding h i s t o l o g i c a l  appearance of the vagina, u-terus, and ovary and the 
functional. relationshri.ps among these  organs 

epit;heliim were 'nighest i n  b a s a l  cel-1s , and v a r i e d  with t h e  s tage of the 
es t rous  cycle,  being m m i m a l  la te  i n  proes~trus arid early e s t r u s .  
appearfanee of t r a c e r  i n  Mal.gighim c e l l s  occurred later, consis tent  with 
t h e  i n t e r p r e t a t i o n  t h a t  t h e s e  c e l l s  are derived. from basal c e l l s .  M i -  
t o s i s  uptak.e of t r i t i a t e d .  thymidine were observed i n  a, simll per- 
centage of vagina l  niucous cells, ind-icating fAxxt  d i f f e ren t in t io i l  i n  these  
cel-ls  does not necessar i ly  involve l o s s  of t h e  a b i l i t y  t o  synthesize DNA. 

The experimental design being used is  a central .  composite d e -  

Pathology and Physiology. - The es t rous  cycle i n  17F and (101 x 

L 

'The m i t o t i c  index and uptake of t r i t i a t e d  l;hymidime i n  t h e  vaginal. 

The 
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Medium(Low)-Level I,ong-Tem . . . .-,-_. .- Effec ts  . . . . .. . .- of Radiation. _._-- - A d .a ta  process- 
j.ng systeii: tha’c has met our needs f o r  accura te ,  rapi.d, and effici-ent ~., 
me-i1iod.s of han.d.).ing data from our mouse breeder colony has bez-n deveI.oped 
t o  replace OUT ha,iidwrit-%en cards  and I-edgers. 
-tro-mechani.cal.. recording eq?x?.pi:leilt (IBM 357 D a t a  Col lect ion System) and 
several. computer programs. 1-L offers t h e  riollowing ad-vantages : 
cording of data i n  t h e i r  lYfla1.. form at, the s i t e  oP observation by thz  
origj-nal ok~serv-er, (2)  automabic preparak:i.on of &-La i.n a form accepta1iJ.e 
for computer 3.n.pii.t ( 3 )  enforcement of a s tandanl ized routrine f o r  re- 
cording, 
c ipher  abbreviations,  (5 ) minimizing -Lhe l a g  between recording and use 
of Wiz. The computer programs LrailsI.ate &ea from punched ca,rds .Lo 
magnetic t a p e ;  file d a t a  under t4he appropriate  mouse o r  cage record; 
p r i n t  weekly 1i.sts of inice Lo be weaned, mated, r e t i r e d ,  o r  prepared for 
a,m experiment; l i s t  various seeordine; e r ro r s ;  prov-ide p r in t ed  and punched 
cage o r  identi. f i ea t ion  cards;  and- p r i n t  var ious l i s t s  containing ordered 
hfornt?:.oil abou’i, t0.e breeding colony, i t s  productbn ,  and i t s  operation. 
The system all..ows cont7:niiity of recording and. ana lys i s  regardless  oi” 
personnel changes. It processes data rap id ly  enough. s o  t h a t  tiley a i d  
i n  proviains  continuous supervisory c on t ro l  of breeding operations and.. 
h e . 1 ~  to detec t  charges in the  heal th  status of 8ie colony. 

?Pie system incliides e lec-  

(1) r e -  

(4) el iminat ion of the need t o  read poor ham3writin.g o~ to de- 

Influence of Microbial Enviromen’i, on Radiation ?a%hol.ogy. - The 
l i f e  -soan and i.11~ idence o f  diseases  have beer? stindied i n  unirrad.i.a.ted 

. .-_.- 

and x - i r r ad ia t ed  (300 r a’i fi.ve t o  s ix  weeks of age)  coiiventional and 
Preliminary data. sugges-L t h a t  the mor- 

t a l i t y  r a t e  is lower i n  both irradia.tecl and unirrad.i.a,ted germfree mice 
than i n  t h e i r  conventional counterpar ts  over t he  first two-thirds of t h e  
l i f e - span  and. t h a t  such differelices tend  .to dLiminish and imy disappear 
in the last  t h i r d  OS life. T;lc germfree mice of both s t r a i n s  have re- 
senibl-ed the  conventional mice i n  the development of lymphatic leukeniia, 
re’i;icii.l_um cell sarcoma, a-rid s o l i d  tumo:c-s of var ious sites; however, t hey  
have fai.l.ed t o  develop myzl-old. leukemia, which i s  a c h a r a c t e r i s t i c  rat3i.a- 
t i o n  rzsponse of tile conveniional. RFM mouse. Both i r r a d i a t c d  amd. imirradi.- 
atcd germfree mice have shown glorne~inl.osclerosi.s, although the  incidence 
and seve r i ty  o€ the  disease appear t o  b e  lower than fin t he  convent,ional 
mice. Miscell.aneous lesi ons ( a r i e r l o s c l r r o s i s ,  amyloidosis, au r i cu la r  
thrornbosi s, pyelonephi-i-lis, and po lyaP te r l t i s  ) have been seen i n  the ger.m- 
fi-ec, 3:; m1.1. as the conventional, mice of both  &rainsJ but inflaxmatory 
lesj.orrs associated w i t h  i n fec t ious  rnicroorganisiiis (such as o t i t i s  m e d i a ,  
abscesses;, and u l ce ra t ive  dermati-t is)  have been seen on2.y i n  t h e  conven- 
Lienal- mice. Cecal volvulus ,  apppa:rentl_y assoc ia ted  wi-iii t he  la rge  cecum 
of gcrrgfree mice, has been iioted only i n  t h e  germfree TCH mice. The gen- 
e r a l  s i r n i  lzr. t y  of w.i. c k  ly- diverse pat  ho1ogj.o al. le s i  o m  between germf TZC 

and. conventional mice suggests Lhat t he  absence of a de’iectablc microbial  
f1o.i-a and fauna a l t e r s  aging processes and l a t e  somatic e f f e c t s  of rad.iia- 
’cion i-el-ativcly J.ri.t ,tle. However, a few notable exceptions have been ob- 
served, one being tile absence of myeloid leukemia i n  germfree m.i.ce. These 
exceptions warrant i h r t h e r  s.i;-udy. 

nfree RFM/Un and I C R  mice. 

Fhysiology of Blood PI atel-ets  . ..- The d i s t r i b u t i o n  of ”S-la’oeled 
p l a t e l e t s  t ransfused  inLo i r r a d i a t e d  and con t ro l  rats i s  hcing s tudied  
by autoradiography of sec t ions  of t issues taken from ihc experimcnial 
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animals a Preliminary r e s u l t s  i nd ica t e  t h a t  a l a rge  ammr~% of t h e  radio- 
a c t i v i t y  is  d i s t r i b u t e d  wi th in  bhe tissue uf t h e  spl-eeri, l a r g e l y  %he r e d  
pvlpl wi th in  30 mj-n a f t e r  'cransfusIor! of t h e  lahel .ed p l a t e l e t s  L1 
qixm.titative measu.re!!~.ents have not ye t  been mad-e, it appears khat the  
r a d i o a c t i v i t y  i a  a c t u a l l y  g rea t e r  8.t 1 h r  aFter p l a t e l e t  tyansfusion i n  
t h e  red pulp of t h e  spleen -bhn  i n  tlie large blood vessels t h a t  cou-rse 
through the  spleen. Lives and lung, on -the o ther  lwnd, Irere al.m.osl; de- 
void of a c t i v i t y  as ascertiained. i n  axtoradiograph.Is. By 24- h r  t h e  racUo- 
ac-t;ivity l e v e l  i n  t h e  spleen had declined. somewhat e These resul-ts .will. 
be u-s,ef"ul i n  help5.ng %o answer questtons about poo1.ri.n.g of platel_e.f;s i n  
the spleen a f t e r  .I;ransPusion. There i s  some in3Lcation t h a t  t ransfused  
p l . a t e l e t s  tend. t o  a,ccimin7.ate ?E t h e  spleen immediately after t ra t isfwion 
nnd then  are re leased  again i n t o  t h e  c i r c u l a t i o n  some 1-to1lz.s later. The 
resi i l tx  descr ibed here are cons i s t en t  witah t h i s  concepk, and f m h e r  
s1;udy of o w  rrinterial should help t o  c l a r i f y  Yne nature  and exten.6 of t h e  
pooling and re lease ,  as well as -the na-l;.u;re of axy d i f fe rences  i n  these  
parameters that may occur Iie.1;ween unt rea ted  and irra,d.i.a,ted sub jec t s  

I.ogical a c t i v i t y  and t h e  morphology of tlie Xauscher murine leukeiiiia 
v i rus  have been. reported e 

rei-atively unsuccessful 'oecalxe 03 %he lack of s t a b l e ,  in fec ted ,  and. 
control.. t i s s u e  cuLGure celL lines. RecerlrLly, however, w e  have psop- 
agated Rauscher virus i n  cel1.s ir?. two d i f f e r e a t  media; i n  one (NCTC109), 
the  i rdec ted  cel.1-s appeared unal tered;  i n  t h e  second (&Bl'4E), .the i n -  
f ec t ed  c e l l s  became a l t e r e d ,  exkclbitirg a cytopa-thogenic e f f e c t .  Ob- 
serva t ions  with t h e  electron rnicroseope confi-rm the vacuol-ization of 
t h e  cytoplasm and .the presence of large incl-usion bodies i n  t h e  c e l l s  
grown i n  4XBNT medium. 
c e l l s  has been o'naerveil i n  'uukh medja. In-~~~~~~~~~~~~~c inc lus ion  
bodies i n  these  same c e l l s  frequently appear t o  conta5 lil mature viral. 
p a r t i c l e s ,  some of which look degenerate.  Studies  wi th  dense %racer 
materials suggest t h a t  these bodies are the Tesults of phagocytosis of 
c e l l  debr i s  and v i r u s  par t ic l . es .  It i s  suggested t h a t  a Q w d c  e q u i -  
l ib r ium wi th  respec t  to v i rus  t i t e r  m y  be set up i n  these cu l tu re s ;  
tha,d is, t h e  sa.m c e l l s  which a r e  in fec t ed  and prolifera3e v i rus  a l s o  
phagocytose t h e  v i r u s  from t h e  e x t e r i o r  euvironment . 
of t i s s u e  cu l tu re  f l u i d  from t hese  preparat ions wight l e a d  t o  f a l s e  coil- 
c lns ions  regarding quanti-tation 02 virus syn%iiesis . 

Although 

Virology of Ihd ia t ion  Oncogenesis. - Several. studies on the  b io-  

To d,%Iie, qudri-titative s t -uues  have been 

Budding of t h e  vrisus from the periphery of t%le 

Biological  assay 

C l i n i c a l  Micro'uiolo,gy and Biocliemi-stry . - Separation procedures 
employing ve r t i ca l  f l a t - b e d  discorit imaus el-ectrophoresls in acrylmxi.de 
gel w e r e  used. t o  separa te  sheep e?ryt:iropoi.e'sin p u r i f i e d  t o  s-Gage I11 by- 
t h e  method o f  Goldtrasser and .bo separa te  mnse plasnin ery thropoie t in  ~ 

A two-stage process was employed, 
p ro te in  zones were loca ted  by one of three techniques: (1) Schlieren 
op t i c s  were used to l oca t e  zoiies by Yneir r e f r a c t i v e  index. 
w a s  removed fro111 -the acrylaaid-e s l a b  and s ta ined;  the bands i n  t h e  un- 
s t a i n e d  por-bion of t h e  slab :.rere then  located- by R f  measLrements. ( 3 )  
The nonspecific e s t e r a s e s  were loca ted  by using Gnaphthol  bu tyra te  as 
subs t r a t e  and fast; blue EM as the aiazoriim sal t .  
were then  excised f r o m  t h e  gel. s lab ,  and t h e  p ro te ins  were e lu t ed  the re -  
from e l ec t rophore t i ca l ly  t n to  a Tris-glycine buffer a t  pII 8.9. Erythro- 
p o i e t i c  a c t i v i t y  i m s  found i n  onLy 0c.e pro te in  zone of t h e  s tage  1x1 

Following e lec t rophore t ic  separat ion,  

( 2 )  A s t r i p  

The p ro te in  zones 
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pur i f i ed  sheep mater ia l .  
g lobul in  and- w a s  shown t o  be a glycoprokein by vir tuc of the Sc'nlff 
reac t ion .  'This el_ectrophor2l;rical?.y p u r e  material. had an S201 W co- 
e f f i c i e n t  of 3.45 X lowL3 a,nd an approximate molecular weig:hi; of 4-0,000 
t o  50,000. Piasma f r o m  C57 :Bl/6J mice t reated with phenylhydrazlne, 
contatning 2.4 units ol: erythropof-etin per  mi.llili.ter, was processed 
s imi la r lyJ  and. i t s  ery-tiaropoietic a c t i v i t y  was foumd t o  be associated.  
with the band 6 esterase. The concentration of t h i s  eaterase has pre-  
vi.ously been shown t o  be tes tosterone depeildent, and. the  material has 
been fou-nd -to be a gLycoprotei-n. The el-ut,ed protein of band 6 contained 
0.4- un i t  of a c t i v i t y  f o r  51 of protein, OTC it speci.%ic a c t i v i t y  of 7.9 
u n i t s  of ery-tiiropoi.e-tin per mil-l.igrsm of pro te in .  
'&he ini-tial.. ac-t ivi  t y  of t he  phenylhydrazj..ae --treated nome plasma w a s  ob- 
t a ined  i n  Yne band 6 e lua t e .  

This zone mi.gra-ted similarly Lo an a,l.pha-l.-- 

A 68.4 recovery of 

Tdamqalian fiecovery. - I n  coll.aborative work with the  Ea,'; i-ona.?. Cancer ...___l...__l 
Tnst<.'?;uie it was observed ti?& the Xauscher vlrm causes maszive changes 
i n  spleen whi.te pulp of the Inouse before 1eiikemi.a develops. It i s  sug- 
ges  ted from these studies that t h i s  a g m t  (o r  agents)  produces aa l i snan t  
" pei-minal cen te r  changes that; becornc I.eukernic . 

Basic Instruruentation. - The energy r e s o l u t ~ . o n  of severa l  s i l i c o n  
diode detectors opeyatink-iin t h e  avalanche mode was measii.red f o r  ILOW- 
eiieryy x rays and f o r  1-iglit input  from sein$i..lla-ti.on crSysLa1.s. 
energy resol..ut;ion uxing one of the best diodes t o  de tec t  5.9-kev 5 5 F ~  
x rays was 3.6 kev full width a t  half m a x i m u m  when -Lhe diode -tempera- 
ture was 1~25°C and 1.. $ kev fwhm whcil t he  diode temperature w a s  -50°C. 
The avalanche ga,i.n of t h e  diode was about 4 f o r  t h c  J..8-kev reso lu t ion .  
When t h e  di0d.e w a s  used i n  conjimction writh a C s Z ( T 1 )  s c i n t i l l a t i o n  
crystal..  t h e  room-temperalu:c?e reso lu t ion  f o r  5.3-Me~ alpha par t ie l -es  
from z41-12m was ll,$ at an aval-anche ga in  of 12. 
avalanche gain f o r  a temperature of -50°C were 9% and 1.1 respec t ive ly .  

The 

'The reso lu t ion  and 
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